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— —  Trinitaria.     PL  xxvi.  f .  3   
Astarte  Duncani.     PI.  iv.  f .  4      
Cardinia  ingens.     PL  iv.  f.  2   
  Suttonensis.     PL  iv.  f.  3     
Cardita  ?  rJiomboidalis.     PL  iv.  f.  6.. 
  scabrieostata.     PL  xviii.  f.  10  . 
Cardium  castum.     PL  xxvi.  f.  4    ... 
  inconspicuum.   PL  xviii.  f.  7 — 
  lingua- leonis.    PL  xviii.  f.  7... 
Ceromya  ledoeformis,    PL  xxvi.  f.  1.  j 

Avicula-contorta 
sandstones  ... 

Sutton  Series  ... 

Miocene 

Sutton  Series  .. 

Miocene    

"1  Pyle,  Stormy 

J      Down    
St.  Mary  Hill  .. 

Trinidad    
Jamaica     
Trinidad    

Sutton   

(^Jamaica      
I  Trinidad    
■{  Jamaica      I  Jamaica     
I  Trinidad    

85 583 

293 

583 

87 

86 
86 

87 

293 
582 293 
293 

581 
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Mollusc  A  {continued). 

LamellibrancJdata  {continued). 

Corhula  vieta.    PI.  xxvi.  f .  8   

  viminea.    PI.  xviii.  f .  11   
Cyprina  normalis.     PI.  iv.  f.  7   
Cytherea  {Circe)  carbasea.  PI.  xviii. 

f.  13   

'   juncea.     PL  xxvi.  f .  13   
  {Caliista) planivieta.  PI.  xviii. 

f.  3   
Erycina  tensa.     PI.  xxvi.  f.  6   
Gryphcea  athyroides.  PI.  xxvi.  f.  17. 
Lima  angusta.    PI.  iii.  f .  6   

  Dunravenensis.     PI.  iii.  f.  9... 

  planicostata.    PI.  iii.  f.  7   
— — —  subduplicata.     PI.  iii.  f.  8   
  tuberculata      
Mactrinula  macescens.  PI.  xxvi.  f. 
Modiola  imbricato-radiata.  Pl.iv.f.8. 
Ostrea  Icevis.     PI.  iii.  f.  2   
Ostrea  multicostata.    PI.  iii.  f.  1 . 
Pecten  Etheridgii.     PI.  iii.  f.  4... 
  insequalis.     PI.  xviii.  f.  6   
  Suttonensis.    PI.  iii.  f.  3   

Pinna  insignis.    PL  iii.  f.  5   

Miocene    

Pliocene    
Miocene    
Sutton  series 

Miocene 

Sutton  series  ... 
Sutton  &  South- 
erndown  series. 

Sutton  series  ... 

Sutton  &  South- 
erndown  series. 

Miocene    

Sutton  series  ... 

Sutton  &  South- 
erndown  series. 

Tertiary     

Sutton  &  South- 
erndown  series. 

Southerndown 
series     

Miocene    

fTrinidad    

{Jamaica     Trinidad   
Jamaica     
Sutton   

( 
Jamaica    
Cumana    

Jamaica,   
Trinidad    

I,  Trinidad    
Sutton,  Dunraven.. 
I  Dunraven      

Perna}  Ramsayi   

Venus  Walli.    PL  xxvi.  f.  16.   ... 
   Woodwardi.     PL  xviii.  f.  1. 

{Gasteropoda.) 
Ancillaria  lamellata.     PL  xxvi.  f.  9.  ̂  
Cancellaria  Barretti.  PL  xviii.  f.  1 1. 
  IcBvescens.     PL  xviL  f.  12   
  Moorei.     PL  xviL  f.  7.   
Cassis  monilifera.  PL  xvii.  f.  8.  ... 
Cassidaria  sublcevigata.  Pl.xvii.f.  10. 
Cerithium  plebeium.  PL  xvi.  f.  9  ... 
Columbella ambigua.     PL  xvi.  f.  8... 
  gradata.  Pi.  xvi.  f.  10    
Conus  gracilissimus.     PL  xvi.  f.  4...  )■  Miocene 

■   granozonatus.  PL  xvi.  f.  5   
  interstincfus.     PL  xvi.  f.  3,  ... 
— —  planiliratus.    PL  xxi.  f.  7   
  solidus.    PL  xvL  f.  1...   
  stenostoma.    PL  xvL  f.  2   
Clyclostrema  bicarinata.  Pl.xvi.  f.  5. 
Dentaliumdissimile.  PL  xvii.  f.  4. 
Pasciolaria  semistriata.    PL  xvi.  f.  1  2 
Ficula  carbasea.     PL  xxvi.  f .  7   
Malea  camura.  PL  xvii.  f.  9.  ...  1 
Marginellaconiformis.  Pl.xvii.f. 2.  J 
Melanopsis  capula.  PL  xxvi.  f.  14  ] 
Nassa  solidula.  PL  xxvi.  f.  11...  J 
Natica  phasianelloides.   PL  xvii.  f.  1. 

Laleston,  Sutton... 

/  Sutton   
\  Bridgend   Trinidad    

J  Sutton   
\  Sutton,  Langan 

Sutton 

Jamaica    
Sutton   

Sutton  and  Dun- 
raven     

I  Near  Sutton 

[Trinidad  .... 
1  Jamaica  .... 

MTrinidad 

Jamaica 

Trinidad, 

Jamaica 

Cumana 
Jamaica 

Anguilla 
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MoLLuscA  {continued). 

Gasteropoda  (continued). 

b.... 

Natica  Pylensis.    Pl.iv.  f.  10.  ... 

  subclausa.    PI.  xviii.  f.  8. ... 
  sulcata.     PI.  xviii.  f.  14,  15. 
Neritina  Woodwardi   
Patella  Siittonensis.     PL  iv.  f.  9a, 
Persona  simillima.     PI.  xvii.  f.  13 
Phos  elegans.     PI.  xvi.  f.  13   
  Moorei.     PI.  xvi.  f.  11   
Pleurotoma  Barretti.     PI.  xvii.  f. 
  Jamaicense.     PI.  xvi.  f.  6  ... 
Ranelia  crassa.    PI.  xviii.  f .  9   ... 

Turritella  tornata.     PI.  xxvi.  f.  12 

Vermetus  papulosus.     PL  xvii.  f.  3.^ 

Avicula-contorta 
sandstones.  ... 

Tertiary    

Sutton  series 

Miocene 

Jamaica 

Pyle,  Stormy 
Down   

Sutton 

( 

Jamaica 

Cumana    
Jamaica    
San  Domingo 
Jamaica    

89 

f  290 

\  290 

[291 

88 

/'288 

290 

J  290 

]  290 
290 

288 

580 

292 

Ammonites  Dunravenensis.  Pl.iv 
  Suitonensis   

(Cephalopoda.) 

Sutton  series 
Dunraven, 

Sutton  ., 

]} 

81 

Annulosa  (13). 

(Annelida.) 

Annelid-tubes.    Woodcuts   iLaurentian    [Canada      I     608 
Spirorhis  clymenioides.    PL  xxvi.  f.  10. (Miocene    JTrinidad    |     584 

(Crustacea.) 

Agnostus  Morei.  Woodcut,  f.  a,  h.  . 
Discinocaris  Browniana.  PI.  xxv.  f .  4- 
Eryon  Barrovensis.    PL  xxv.  f.  1   
  Brodiei.     PL  xxiv.  f.  2   
  crassichelis.    PL  xxv.  f.  2   
  Moorei.     PI.  xxv.  f.  3   

  Oppeli.     PL  xxiv.  f .  4   
   Wilmcotensis.    PL  xxiv.  f.  3.... 
Pal^inacJius  longipes.  PL  xxiv.  f.  1. 
Phacops  Nicholsoni.  Woodcut,  f.  c, 
Ranina  porifera.     PL  xxvi.  f.  18   . 

Lower  Silurian .. 
Moffatt  Shales... 
Lias   
Lower  Lias   
Lias   

UpperWhiteLias 
Lithographic 

Stone     
Lower  Lias ...... 
Forest  Marble  ... 
Lower  Silurian .. 
Tertiary    

Near  Milburn   
Dumfriesshire   
Ba;Tow-on-Soar  ... 
Lyme  Regis   
Dorsetshire   
Ilminster   

t  Solenhofen   

Wilmcote    ... 
Malraesbury   , 
Whiteside      
Trinidad    

487 

503 496 

498 497 
499 

500 
498 

493 486 
591 

Vertebrata  (17). 

(Pisces.) 

Amphicentrum  granulosum.    PL  xx. 
Acanthodes  Wardi.     PL  xxiii   
Dendroptychius.   Woodcut,  f.  7.  ... 
Eurynotus      
Eurysoraus  (  =  Platysomus)    
Holoptychius    
Megalichthys    

Coal-measures, . .  jNorth  Staffordshire 
Coal-shales   Longton 
Carboniferous . 
Carboniferous  , 
Coal-measures. 
Carboniferous  . 
Carboniferous  . 

Fifeshire 

306 468 

601 315 
311 
601 
606 
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Vertebrata  {continued). 

Pisces  (continued). 

Mesolepis  scataris     
   Wardi.     PI.  xxi.  f.  1,  3   
Platysomus  parvulus.    PI.  xxi.  f.  2 
llhizodopsis.     Woodcut,  f .  8   
Rhizodus.     Woodcuts,  f.  4,  5      
llhomboptychius.     Woodcut,  f.  1,  2 
Strepsodus.    V/oodcut,  f.  3    

Coal-measures... North  Staflfordshire 

Carboniferous 
Carboniferous  . . . 
Carboniferous . . . 

Chelonians,  bones  of 

(JReptilia.) 

....ICaverns     [Malta 

\  314 

[303 

599 599 

604 
602 

594 

{Mammalia.) 

Bos  Urus   [Quaternary Malta 392 595 Halitherium.    Woodcut   |  Miocene 
Incert^  sedis  (1). 

Cisseis  asferiscus.    PI.  xxvi,  f .  19   1  Miocene    | Triuidad    I     584 



GEOLOGICAL   SOCIETY   OF  LONDON. 

ANNUAL  GENERAL  MEETING,  FEB.  16,  1866. 

EEPORT  OP  THE  COUNCIL. 

The  Council  of  the  Geological  Society  of  London  are  glad  to  be  able 
to  announce,  in  laying  their  Annual  lleport  before  the  Fellows,  that 
a  very  large  addition  to  the  number  of  Pellows,  similar  to  that 
noticed  at  the  close  of  the  last  two  years,  has  been  made  during  the 
past  year. 

During  1865  as  many  as  66  new  Fellows  were  elected ;  but  of 
these  only  45  had  paid  their  fees  up  to  the  end  of  the  year,  making 
with  11  previously  elected,  who  paid  their  fees  last  year,  a  total  of 
bQ  new  Fellows.  On  the  other  hand,  the  numbers  of  the  Society 
have  been  reduced  by  the  death  of  17  Fellows,  the  resignation  of  5, 
and  the  removal  of  4,  giving  a  net  increase  of  30  ordinary  Fellows. 

The  Society  has  recently  had  to  deplore  the  loss  of  its  only  re- 
maining Fellow  of  Eoyal  Blood — the  late  King  of  the  Belgians. 

Four  Foreign  Members  and  one  Foreign  Correspondent  have  been 
reported  as  deceased. 

One  Foreign  Correspondent  was  elected  during  1865  in  the  place 
of  one  deceased. 

The  total  number  of  the  Society  at  the  close  of  1864  was  1092  ; 
at  the  close  of  1865,  1117. 

The  prosperous  condition  of  the  Society  is  indicated  by  its  increas- 
ing Income,  as  well  as  by  the  augmentation  in  its  numbers.  The  In- 

come of  the  past  year  has  exceeded  the  expenditure  by  <£268  IO5.  Sc?., 
although  the  disbursements  include  the  special  expenditure  on  ac- 

count of  the  Bequest-fund  for  the  new  edition  of  the  Greenough 
Map. 

The  funded  property  of  the  Society  remains  the  same  as  at  the 
last  Anniversary,  namely  ̂ 4560. 

The  Council  have  to  announce  the  completion  of  Vol.  XXI.  of  the 
Quarterly  Journal,  and  the  publication  of  the  first  part  of  Yol.  XXII. 

VOL.  XXII.  a 
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The  New  Edition  of  the  Greenough  Geological  Map  was  completed 
at  the  commencement  of  the  year ;  it  has  already  met  with  a  satis- 

factory sale,  and  can  be  obtained  at  the  Society's  Apartments,  or  of 
the  agent,  Mr.  Stanford. 

Among  other  donations  made  to  the  Society  since  the  last  Anni- 
versary, the  Council  have  to  make  special  mention  of  a  marble  bust 

of  Dr.  Bowerbank,  F.E.S.,  P.G.S.,  presented,  in  accordance  with  his 
wish,  by  the  Committee  of  the  Bowerbank  Testimonial  Fund. 

The  Council  regret  to  have  to  report  the  sudden  death,  in  December 

last,  of  the  Society's  clerk,  Mr.  G.  E.  Eoberts ;  they  have  recently 
appointed  Mr.  P.  G.  Eitchie  to  fill  the  vacant  office. 

The  Council  have  awarded  the  Wollaston  Medal  to  Sir  Charles 

Lyell,  Bart.,  E.E.S.,  in  recognition  of  the  highly  important  services 
he  has  rendered  to  Geology  by  his  various  original  works,  and  for 
the  masterly  and  philosophic  manner  in  which  he  has  treated  the 
subject,  both  in  developing  the  principles  and  in  expounding  the  ele- 

ments on  which  the  Science  is  founded ;  and  the  balance  of  the  pro- 
ceeds of  the  Wollaston  Fund  to  Henry  Woodward,  Esq.,  E.G.S., 

E.Z.S.,  to  assist  him  in  his  researches  on  the  Fossil  Crustacea. 

Report  of  the  Library  and  Museum  Committee,  1865-66. 
The  Museum. 

The  additions  made  to  the  Society's  collections  since  the  last  Anni- 
versary have  not  been  so  numerous  as  in  previous  years  ;  they  con- 

sist chiefly  of  specimens  of  rocks  and  minerals  from  foreign  countries. 
The  more  important  donations  are  the  following : — 1st.  An  exten- 

sive collection  of  Eocks  and  Minerals  from  Eoslagen,  on  the  east 
coast  of  Sweden,  illustrating  the  structure  of  magnetic  iron-ores  and 
associated  rocks  and  minerals,  as  well  as  the  relation  of  granitic  veins 
to  these  ores,  presented  by  Hilary  Bauerman,  Esq.,  F.G.S.  2nd. 
A  series  of  Devonian  Plants  from  Gaspe,  Lower  Canada,  presented 
by  Principal  J.  W.  Dawson,  LL.D.,  F.G.S.  3rd.  A  collection  of 
Jurassic  Fossils,  chiefly  Brachiopoda,  from  Normandy,  including  a 
series  of  minute  fossils  from  the  Leptsena-beds,  presented  by  Ealph 
Tate,  Esq.,  F.G.S.  4th.  A  collection  of  Metamorphic  Eocks,  exhi- 

biting traces  of  organic  remains,  from  the  Alps,  presented  by  Sign. 
Crescenzo  Montagna.  And  5thly,  a  collection  of  Devonian  Corals 
from  Poland,  presented  by  Sir  E.  I.  Murchison,  Bart.,  K.C.B., 
F.G.S. 

The  chief  additions  made  to  the  "  British  Collection  "  during  the 
year  are :  1st  a  series  of  Ehomboidal  Specimens  of  Clay -ironstone 
and  Iron-sandstone  from  the  CoUingwood  Quarry,  Kent,  and  the 

ClanmuUen  Quarry,  near  Edenderry,  King's  County,  presented  by 
Sir  J.  F.  W.  Herschel,  Bart.,  F.G.S.,  and  Capt.  T.  Longworth  Dames  ; 
and,  2ndly,  specimens  of  siliceous  casts  of  corals  from  the  Carboni- 

ferous Limestone  of  County  Dublin,  presented  by  H.  B.  Brady,  Esq., 
F.G.S. 

Satisfactory  progress  has  been  made  since  the  last  Anniversary  in 
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the  renaming  of  the  s^Dccimens  in  the  British  and  Poreign  Collec- 
tions ;  though  more  work  of  this  kind  would  have  been  done,  but 

for  the  encouraging  fact  that  last  year  the  collections  were  consulted 
to  a  much  greater  extent  than  was  formerly  the  case.  This  is  pro- 

bably owing  in  some  measure  to  the  recent  increase  in  the  number  of 
the  Fellows,  but  it  is  doubtless  due  in  some  degree  to  the  more  acces- 

sible and  increasingly  useful  state  of  the  collections. 
The  Sharpe  Collection  of  Corals,  chiefly  Palaeozoic,  which  origin- 

ally occupied  18  drawers,  has  been  thoroughly  examined,  the  spe- 
cimens named  by  Dr.  Duncan,  and  placed  upon  tablets  by  Mr.  Tate, 

and  the  duplicates  taken  out.  Owing  to  the  economy  of  space  thus 
obtained  the  collection  now  occupies  but  10  drawers. 

The  Committee  recommend  that  the  duplicates  of  these  and  other 
British  fossils  should  be  offered  to  the  Museum  of  Practical  Geology. 

The  Zoological  Catalogue  of  the  whole  of  the  Coral-collections  is 
now  in  hand,  and  will  shortly  be  completed.  The  formation  of  type- 
collections  of  fossils  belonging  to  other  classes  of  animals  is  in  con- 

templation, and  the  zoological  collection  of  Echinodermata  has  been 
commenced.  Some  additions  have  been  made  to  the  nucleus  of  the 

collection  of  Polyzoa  ;  but  in  this  and  in  other  type  collections  there 
is  a  great  want  of  specimens  to  illustrate  certain  types  of  structure. 

Twelve  drawers  containing  fragile  fossils,  such  as  those  of  the 
E,ed  Crag,  have  been  fitted  with  glass,  and  the  cleaning,  remounting, 
and  naming  of  the  specimens  are  in  progress. 

The  Collection  of  Bordeaux  Miocene  Possils,  occupying  11  drawers, 
has  been  thoroughly  examined  and  arranged,  the  specimens  have 
been  placed  upon  tablets,  and  the  duplicates  removed ;  and  the 
drawers  containing  the  collection  have  been  fitted  with  glass. 

The  following  table  contains  a  summary  of  the  work  done  in  the 
Museum  during  the  past  year,  in  naming  and  arranging  collections 
of  fossils. 

Drawers. 
England     Eed  Crag            2 

     Gault          2 
,,             Lias             1 
„              Inferior  Oolite          9 

*Bavaria         Jurassic          3 
Bordeaux      Miocene        11 

Normandy        Jurassic  &  Cretaceous        4 
Gosau         Cretaceous               1 

*Zoological  Collection  of  Corals           10 
Zoological  Collection  of  Echinoderms              3 

*Miscellaneous  Corals          1 47 

In  concluding  their  Eeport  the  Committee  desire  to  express  their 
opinion  that  the  especial  thanks  of  the  Society  are  due  to  Dr.  Dun- 

can for  his  energetic  and  well- sustained  labours  in  the  Museum 

*  Corals,  named  by  Dr.  Duncan. 
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during  the  last  three  years ;  and  to  record  their  satisfaction  with  the 
manner  in  which  Mr.  Tate  has  discharged  his  duties  in  the  Museum 
during  the  past  year. 

J.  GWYN  JEEEREYS. 
THOS.  WILTSHIRE. 
R.  ETHERIDGE. 

The  Library. 

The  chief  additions  made  to  the  Library  by  purchase  last  year  are 

Coquand's  '  Geologic  et  Paleontologie  de  la  Province  de  Constantine/ 
Massalongo's  '  Baggio  Eotografico  di  alcuhi  animali  e  piante  fossili 
deir  Agro  Veronese/  Etallon  and  Thurmann's '  Lethsea  Bruntrutana/ 
8toppani's  '  Petrifactions  d'Esino,'  and  Huxley  and  Hawkins's  ^Atlas 
of  Comparative  Osteology.'  Amongst  the  donations  Dr.  Hochstetter's 
Geology  of  New  Zealand,  the  accompanping  volume  on  the  Palaeon- 

tology of  the  Islands,  and  the  second  volume  of  M.  Barrande's  '  Sys- 
teme  Silurien  de  la  Boheme  '  are  more  especially  worthy  of  mention. 

The  Map-collection  has  received  some  very  valuable  additions,  in- 
cluding the  large  geological  map  of  the  country  round  Bristol,  in  19 

sheets,  presented  by  the  author,  W.  Sanders,  Esq.,  E.R.S.,  E.G.S.  ;  a 

complete  copy  of  the  "  Geologische  Karte  der  Rheinprovinz  und  der 
Provinz  Westfalen,"  presented  by  Herr  von  Dechen,  Eor.  Mem.  G.S., 
through  Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  E.G.S. ;  the  "  Carte  geo- 
logique  de  I'Espagne  et  du  Portugal,  presented  by  the  authors, 
MM.  de  Yemeuil,  Eor.  Mem.  G.S.,  and  C.  CoUomb ;  several  sheets 

of  the  Geological  Survey-map  of  Great  Britain  and  Ireland,  presented 
by  the  Director-General,  Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  E.G.S., 
and  of  the  Ordnance  Survey-map  of  ̂ eat  Britain,  on  the  1-inch  and 
6-inch  scales,  presented  by  the  Director-General,  Col.  Sir  Henry 
James,  E,G.S.,  and  some  of  the  sheets  of  the  Geological  Survey-map 
of  the  Netherlands,  presented  by  His  Excellency  the  Minister  for 
the  Netherlands. 

The  Committee  beg  to  recommend  that  a  larger  sum  should  be  ex- 
pended annually  in  the  purchase  of  Geological  books  than  has 

hitherto  been  voted  for  that  purpose.  They  find  that  last  year  not 
more  than  about  £2^  was  expended  in  the  purchase  of  books,  and 
about  .£30  for  binding. 

The  Committee  suggest  the  appointment  of  a  standing  Library 
Committee,  to  meet  on  the  first  meeting-day  of  the  Society  in  every 
alternate  month. 

The  Assistant- Secretary  reports  that  he  has  received  much  as- 
sistance from  Mr.  Horace  Woodward  in  doing  the  current  work  of 

the  Library,  and  in  making  Diagrams  for  the  Evening-meetings. 

J.  GWYN  JEEEREYS. 
THOS.  WILTSHIRE. 
R.  ETHERIDGE. 
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Comparative  Statement  of  the  Number  of  the  Society  at  the  close  of 
the  years  1864  and  1865. 

Compounders     
Contributing  Fellows  .... 
Non- contributing  FeUows 

Honorary  Members   
Foreign  Members   , 
Foreign  Correspondents    . . 
Personage  of  Eoyal  Blood 

Dec.  31, 1864. Dec.  31, 1865. 
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3  .... 3 
48  .... 

44 

39  .... 
39 
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1092  1117 

General  Statement  explanatory  of  the  Alteration  in  the  Niimher  of 

Fellows,  Honorary  Members,  Sfc.  at  the  close  of  the  years  1864  and 
1865. 

Number  of  Compounders,  Contributing  and  Non- con- 
tributing Fellows,  December  31,  1864    1001 

Add  Fellows  elected  during  former  year  and  paid  |  -.-. 

in  1865   J  ^^ 
Add  Fellows  elected  and  paid  in  1865    45 

1057 

Deduct  Compounders  deceased   '          8 
Contributing  Fellows  deceased          6 
Non-contributing  Fellows  deceased  ........        3 
Contributing  Fellows  resftgned          5 
Contributing  Fellows  removed         4 —  2Q 

1031 

Number  of  Personages  of  Eoyal  Blood,  Honorary  1 
Members,    Foreign   Members,    and   Foreign  I      91 
Correspondents,  December  31,  1865   J 

Add  Foreign  Correspondent  elected  in  1865              1 

92 
Deduct  Personage  of  Eoyal  Blood  deceased  ....        1 

Foreign  Members  deceased              4 
Foreign  Correspondent  deceased          1       6 —  86     , 

1117 
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Deceased  Pellows. 

Personage  of  Royal  Blood  (1). 

His  Majesty  the  King  of  the  Belgians. 

Compounders  (8). 

The  Earl  of  Ilchester. 

Samuel  Cartwright,  Esq. 
Henry  Christy,  Esq. 
W.  G.  Prescott,  Esq. 

E.  W.  Simms,  Esq. 
Dr.  S.  P.  Woodward. 

Sir  J.  W.  Lubbock,  Bart. 
Lovell  Eeeve,  Esq. 

Residents  and  other  Contributing  Fellows  (6). 

E.  L.  Richards,  Esq.  [       T.  E.  Blackwell,  Esq. 
Dr.  H.  Palconer.  I       W.  B.  Mitchell,  Esq. 

J.  Macdonnell,  Esq.  j       G.  E.  Roberts,  Esq. 

Non-contributing  Fellows  (3). 

Lieut.-Col.  T.  E.  Sampson.  j      Nicholas  Wood,  Esq. 
T.  Hutton,  Esq.  | 

Foreign  Members  (4). 

Dr.  C.  H.  Pander.  |       M.  C.  von  Oeynhausen. 
Prof.  K.  von  Raumer.  |       Dr.  J.  G.  Eorchhammer. 

Foreign  Corresjpondent  (1). 

Dr.  Albert  Oppel. 

Eellows  Resigned. 

Residents  and  other  Contributing  Fellows  (4). 

Lord  DufFerin. 
Dr.  G.  C.  Wallieh. 

George  Whitmore,  Esq. 
B.  de  Courcy  Nixon,  Esq. 

Non-contributing  Felloiu  (1). 

E.  H.  Sheppard,  Esq. 

Eellows  Removed. 

Residents  and  other  Contributing  Fellou's  (4). 
Rev.  E.  E.  Statham. 

H.  T.  James,  Esq. 

Mark  Fryar,  Esq. 

Dr.  J.  Winter. 
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The  following  Persons  were  elected  Fellows  during  the  year  1865. 

January  llth. — George  Elliott,  Esq.,  23  Great  George  Street,  West- 
minster, S.W. ;  Robert  Hannah,  Esq.,  2  Alfred  Place  West,  South 

Kensington,  S.W. ;  Henry  Robinson,  Esq.,  Assoc.  I.C.E.,  2  Dela- 

hay  Street,  Westminster,  S.W.,  and  Carlton  Hill,  St.  John's  Wood, 
N.W. ;  Robert  P.  Roupell,  Esq.,  Q.C.,  13  Park  Lane,  Hyde  Park, 
W. ;  Captain  John  Sackville  Swann,  H.M.  22nd  Regt.,  Malta ;  and 
John  Edmund  Thomas,  Esq.,  C.E.,  Rhayader. 

  25th. — William  Grylls  Adams,  Esq.,  M.A.,  Lecturer  on  Natural 

Philosophy  in  King's  College,  London  ;  and  Capt.  Stewart  Smyth 
Windham,  14  Connaught  Place,  W. 

Eebruary  8th. — Capt.  William  Arbuthnot,  25  Hyde  Park  Gardens, 

W. ;  Robert  Bell,  Esq.,  Professor  of  Geology  in  Queen's  College, 
Canada  West ;  William  Henry  Leighton,  Esq.,  2  Merton  Place, 
Chiswick;  and  Yiscount  Milton,  E.R.G.S.,  of  Wentworth  Park, 
and  4  Grosvenor  Square,  W. 

  22nd.— C.  Gainer,  Esq.,  M.A.,  St.  Mary's  Hall,  Oxford;  John 
Wesley  Judd,  Esq.,  2  Burngreave  View,  Sheffield ;  Erancis  R. 
Spry,  Esq.,  Ashford,  near  Hornsey;  The  Hon.  Arthur  Strutt,  88 
Eaton  Square,  W. ;  and  Samuel  Long  Waring,  Esq.,  The  Oaks, 
Norwood. 

March  8th.— The  Rev.  T.  H.  Browne,  High  Wycombe,  Berks;  Thomas 
Grange  Hurst,  Esq.,  Mining  Engineer,  Backworth,  Northumber- 

land;  and  W.  R.  Williams,  Esq.,  Mining  Engineer,  Dolgelly, 
North  Wales. 

  22nd. — Henry  Turner,  Esq.,  Mottingham,  Kent. 
April  5th. — Henry  Clark  Barlow,  M.D.,  Newington  Butts,  S.E. ; 

Townshend  Monckton  Hall,  Esq.,  Pilton  Parsonage,  near  Barn- 
staple;  John  Lawson,  Esq.,  C.E.,  34  Parliament  Street,  S.W.  ; 

William  Milnes,  Esq.,  Blackheath,  Kent,  and  Yeolm  Bridge,  South 
Devon;  J.  Samuel  Perkes,  Esq.,  C.E.,  Belvedere  House,  West 
Dulwich,  S. ;  and  Minos  Claiborne  Vincent,  Esq.,  C.E.,  Erankfort, 
Ohio,  U.S. 

  20th.— J.  W.  Conrad  Cox,  Esq.,  B.A.,  4  Grove  Hill,  Wood- 
ford, N.E.,  and  32  Westbourne  Place,  Eaton  Square,  W. ;  Henry 

K.  Jordan,  Esq.,  Tenby  House,  Cotham,  Bristol;  and  Thomas  J. 
Sells,  Esq.,  M.R.C.S.,  Guildford,  Surrey. 

May  10th. — Absalom  Bennett,  Esq.,  Marazion,  Cornwall ;  Joseph 
Brown,  Esq.,  Q.C.,  of  the  Middle  Temple,  54  Avenue  Road, 

Regent's  Park,  N.W. ;  The  Rev.  John  Magens  Mello,  M.A.,  In- 
cumbent of  St.  Thomas's  Brampton,  Chesterfield;  and  George 

Noakes,  Esq.,  3  Grosvenor  Yillas,  St.  Bartholomew  Row,  Hollo- 
way,  N. 

  24th. — James   Philip  Baker,  Esq.,  Wolverhampton ;    George 
William  Cline,  Esq.,  38  Albermarle  Street,  Piccadilly,  W. ;  James 
Coutts  Crawford,  Esq.,  Wellington,  New  Zealand;  Theodore  H. 
Hughes,  Esq.,  of  the  Geological  Survey  of  India;  and  Charles 
Ottley  Groom  Napier,  Esq.,  Bristol. 

June  21st. — Samuel  Bailey,  Esq.,  Mining   Engineer,  The  Pleck, 
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"Walsall;  William  Keene,  Esq.,  Sydney,  New  South  Wales;  and the  Eev.  Eenjamin  Waiigh,  Newbury,  Berks. 

November  8th. — Thomas  William  Danby,  Esq.,  B.A.,  Downing  Col- 
lege, Cambridge ;  William  Poole  King,  Esq.,  Avon  Side  House, 

Clifton,  Bristol;  James  L.  Lobley,  Esq.,  50  Lansdowne  Road, 
Kensington  Park,  S.W. ;  John  Richardson,  Esq.,  C.E. ;  James 
Clifton  Ward,  Esq.,  Clapham  Common;  and  Samuel  Hansard 
Yockney,  Esq.,  M.I.C.E. 

■   22nd. — Robert  Lightbody,  Esq.,  Ludlow,  Salop. 
December  6th. — W.  Phipson  Beale,  Esq.,  27  Yictoria  Street,  S.W. ; 

Henry  Braddon,  Esq.,  5  Dane's  Inn,  Strand,W.C. ;  Captain  Robert 
Clipperton,  H.B.M.  Consul  at  Kertch;  Tellef  Dahll,  Esq.,  Kra- 
gere,  Norway ;  R.  A.  Eskrigge,  Esq.,  24  The  Albany,  Old  HaU 
Street,  Liverpool ;  Hugh  Erederick  Hall,  Esq.,  Liverpool ;  Hed- 
worth  Hylton  JollifFe,  Esq.,  Merstham,  Surrey ;  Edward  Myers, 
Esq.,  29  Summer  Hill  Terrace,  Birmingham ;  George  Pycroft,  Esq., 
M.R.C.S.E.,  Kenton,  Exeter;  Eerdinand  Stoliczka,  Ph.D.,  of  the 
Geological  Survey  of  India,  Calcutta ;  Erwin  Harvey  Wadge,  Esq., 
Stradbrook  Hall,  Blackrock,  Co.  Dublin,  Ireland ;  Henry  Augustus 
Ward,  Esq.,  Professor  of  Natural  Sciences  in  the  University  of 
Rochester,  New  York;  and  Erederick  Williams,  Esq.,  M.P., 
Goonvrae,  near  Truro. 

  20th. — Hugh  Leonard,  Esq.,  C.E.,  Calcutta;  William  Lyon, 
Esq.,  J.P.,  Wellington,  New  Zealand  ;  Moses  Pullen,  Esq.,  Pains- 
wick,  Gloucestershire ;  and  Charles  Stavely  Rooke,  Esq.,  M.I.C.E., 
12  Bleinham  Terrace,  Leeds. 

The  following  Person  was  elected  a  Foreign  Corresjpondent  during  the 

year  1865. 
March  8  th. — Prof.  C.  Nilsson,  of  Stockholm. 

The  following  Donations  to  the  Museum  have  been  received  since 
the  last  Anniversary. 

British  Specimens. 

Two  Eossil  Plants  from  the  Coal-measures  of  Dudley ;  presented  by 
H.  Beckett,  Esq.,  E.G.S. 

Rhomboidal  specimens  of  Clay  Ironstone  and  Iron- sandstone  from 
the  Colhngwood  and  Clanmullen  Quarries;  presented  by  Sir 
J.  E.  W.  Herschel,  Bart.,  E.R.S.,  E.G.S.,  and  Capt.  T.  Longworth 
Dames. 

Twelve  specimens  of  Lead  and  Copper  from  various  localities  ;  pre- 
sented by  J.  W.  B.  Owen,  Esq.,  M.A. 

Siliceous  Casts  of  Corals  from  the  Carboniferous  Limestone  near 

Dublin ;  presented  by  H.  B.  Brady,  Esq.,  E.G.S. 

Foreign  Specimens. 

Rock- specimens  from  Peru  ;  presented  by  R.  Spruce,  Esq. 
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Cast  of  Ovihos  moschatus,  Blainv. ;  presented  by  M.  E.  Lartet,  For. 
Mem.  G.S. 

A  Collection  of  Eocks  and  Minerals  from  Eoslagen,  Sweden ;  pre- 
sented by  H.  Bauerman,  Esq.,  F.G.S. 

Fourteen  specimens  of  Devonian  Plants  from  Gaspe ;  presented  by 
Dr.  J.  W.  Dawson,  F.R.8.,  F.G.S. 

Five  specimens  of  Cannel  Coal  from  New  South  "Wales ;  presented by  the  Rev.  W.  B.  Clarke,  M.A.,  F.G.S. 
Devonian  Corals  from  Poland;  presented  by  Sir  E.  I.  Murchison, 

Bart.,  F.E.S.,  F.G.S. 
Jurassic  Fossils  from  Normandy;  presented  by  EalphTate,  Esq.,  F.G.S. 
Tertiary  Echinoderms  from  Trinidad ;  presented  by  E.  J.  L.  Guppy, 

Esq. 

Maps,  Charts,  etc.,  peesewted. 

Carte  Geologique  de  I'Espagne  et  du  Portugal,  par  MM.  E.  de  Yer- 
neuil  et  E.  Collomb.  1849  a  1862 ;  presented  by  the  authors. 

Karten  und  Mittheilungen  des  Mittelrheinischen  Geologischen  Ye- 
reins.  Section  Darmstadt,  von  E.  Ludwig,  1864  ;  presented  by 
the  author. 

Geological  Survey  of  Yictoria.  Sheets  3  and  15  ;  presented  by  A. 
E.  C.  Selwyn,  Esq. 

Mapa  geologico  de  la  Provincia  de  Madrid,  por  Don  Casiano  de  Prado, 
For.  Mem.  G.S. ;  presented  by  the  author. 

Map  of  the  Bristol  Coal-fields  and  country  adjacent,  in  19  sheets, 
geologically  surveyed  by  Wilham  Sanders,  F.G.S. ;  presented  by 
the  author. 

The  Chain  of  Mont  Blanc,  from  an  actual  survey  in  1863-64,  by  A. 
Adams-Eeilly,  A.C.,  F.E.G.S.  1865  ;  presented  by  the  author. 

Geological  Map  of  Scotland,  by  Sir  E.  I.  Murchison  and  A.  Geikie ; 
presented  by  Sir  E.  I.  Murchison,  Bart.,  K.C.B.,  F.E.S.,  F.G.S. 

Geological  Sketch-Map  and  sections  of  the  Province  of  Welhngton, 
New  Zealand,  by  J.  Coutts  Crawford,  F.G.S. ;  presented  by  the 
Geological  Survey  of  New  Zealand. 

Geologische  Karte  der  Eheinprovinz  und  der  Provinz  Westfalen,  by 
Dr.  H.  von  Dechen ;  presented  by  Sir  E.  I.  Murchison,  Bart., 
K.C.B.,  F.E.S.,  F.G.S. 

Geologische  Karte  der  Provinz  Yictoria,  by  A.  E.  C.  Selwyn ;  pre- 
sented by  Dr.  A.  Petermann. 

Geological  Survey  of  Great  Britain  and  Ireland.  England.  Nos.  4, 6 
7,  9,  45  (N.E.  &S.E.),  46  (N.W.  &  S.W.),  52,  81  (N.W.  &  S.W.), 
and  89  (S.E.).— Scotland.  Nos.  33, 34,  and 41  .—Ireland.  Nos.  99, 
114-117,  118,  122-127,  and  133-135.— England.  Section  No. 
65.— Ireland.  Explanations  of  Sheets  Nos.  102,  112,  144,  146, 
147,  153,  157,  and  163-175. 

Sveriges  geologiska  Undersokning.  Nos.  6  to  13.  1863-64;  pre- 
sented by  Dr.  A.  Erdmann. 

Seventy-five  Miscellaneous  Charts,  published  by  the  Depot  de  la 
Marine ;  presented  by  the  Depot  de  la  Marine. 
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Ordnance  Survey  of  Great  Britain.  Maps,  6-inch  scale : — North- 
umberland, Sheets  15,  72,  73,  79-82,  85-87,  91-95,  100-103, 

106,  106«  &  6-108,  110,  111.  Stirlingshire,  Sheets,  8,  20-26, 
28-30,  32,  33,  35,  36.  Dumbartonshire,  Sheets  2-4,  6-14,  16- 
18.  23,  26.  Eoxburgshire,  Index-sheet.  Lanarkshire,  Sheet  6. 
Porfarshire,  Sheets  1-7,  9-18,  22,  23,  40,  41,  43-46,  48-55.— 
Ordnance  Survey  of  England.  1-inch  scale  : — Sheets  98,  99, 105, 
110. — Ordnance  Survey  of  Ireland.  1-inch  scale  : — Sheets  7,  8, 
14,  18,  37,  90,  121. 

Geological  Survey  Maps  of  Holland.  Sheets  3,  4,  8,  11,  17;  pre- 
sented by  His  Excellency  the  Minister  for  the  Netherlands. 

Geologisk  kart  over  Christiana  Omegn,  af  Theodor  Kjerulf.  1864  ; 
presented  by  the  Royal  University  of  Christiana. 

Carte  Agronomique  des  environs  de  Paris,  par  M.  Delesse  ;  presented 
by  the  author. 

Eour  Photographs  of  Fossils  from  Queensland  and  New  South  Wales ; 
presented  by  W.  Keene,  Esq.,  E.G.S. 

Photograph  of  Telerpeton  Elginense ;  presented  by  the  late  G.  E. 
Roberts,  Esq.,  E.G.S. 

Diagram  showing  the  mode  of  construction  of  the  Seismometer,  by 
Lieut.-Col.  C.  Ramstedt;  presented  by  the  author. 

The  following  Lists  contain  the  Names  of  the  Persons  and  Pubhc 
Bodies  from  whom  Donations  to  the  Library  and  Museum  have  been 
received  since  the  last  Anniversary,  February  17,  1865. 

I.  List  of  Societies  and  Public  Bodies  from  whom  the  Society  has 
received  Donations  of  Books  since  the  last  Anniversary  Meeting. 

Abbeville,  Imperial  Society  of 
Emulation  of. 

Basel,  Natural  History  Society 
of. 

Belgium,  Geological  Survey  of. 
Berlin.  German  Geological  So- 

ciety. 

Berwick.  Natural  History  Field- 
club. 

Bombay,  Geographical  Society  of. 
Boston,  Museum  of  Comparative 

Zoology  of. 
  ,   Natural    History  Society 

of. 

Breslau.  Silesian  Society  for 
Fatherland  Culture. 

Brussels.  Royal  Academy  of 
Sciences  of  Belgium. 

Caen.  Linnean  Society  of  Nor- mandy. 

Calcutta.  Geological  Survey  of 
India. 

  ,  Bengal  Asiatic  Society  at. 
Cambridge  (Mass).  American 

Philosophical  Society. 
  .    American  Academy 

of  Arts  and  Sciences. 

Cherbourg,  Society  of  Natural 
Sciences  of. 

Christiana,  Royal  University  of. 

Darmstadt.  Geological  Society 
of  the  Middle  Rhine. 

Dijon,  Academy  of  Natural  Sci- ences of. 

Dublin.  Geological  Survey  of 
Ireland. 
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Dublin.     Royal  Irish  Academy. 
  .     Royal  Society. 
  .     Royal  Geological  Society 

of  Ireland. 

Edinburgh,  Geological  Society  of. 
  ,  Royal  Society  of. 
Exeter.   Devonshire  Association. 

France,  Acclimatization  Society  of. 
  ,  Geological  Society  of. 

Geneva,   Physical    and    Natural 
History  Society  of. 

Glasgow,  Geological  Society  of. 

Heidelberg,  Natural  History  So- 
ciety of. 

Lausanne.     Yaudoise  Society  of 
Natural  Sciences. 

Leeds,  Philosophical  and  Literary 
Society  of. 

Liverpool,  Geological  Society  of. 
  .     Lancashire  and  Cheshire 

Historic  Society. 
-,  Philosophical  Society  of. 

London,  Anthropological  Society 
of. 

  ,  Art  Union  of. 
  .     British  Association. 

  ,  Chemical  Society  of. 
  .       Geological     Survey    of 

Great  Britain. 

  .     Geologists'  Association. 
  .     Institute  of  Actuaries  of 

Great  Britain  and  Ireland. 

•   .     Institute  of  Civil  Engi- 
neers. 

— ,  Linnean  Society  of. 
— ,  Mendicity  Society  of. 
— ,  Microscopical  Society  of. 
— .  PaliBontographical  Society. 
— ,  Photographic  Society  of. 
— .     Ray  Society. 
— .     Royal  Asiatic  Society  of 
Great  Britain. 

— ,   Royal  Astronomical   So- 
ciety of. 

London,  Royal  College  of. 

  ,    Royal  Geographical    So- 
ciety of. 

-,  Royal   Horticultural  So- 
ciety of. 

— .   Royal  Institution  of  Great 
Britain. 

— ,  Royal  Society  of. 
— .     Secretary   of    State    for 
War. 

-,  Zoological  Society  of. 
Lyons,  Imperial  Academy  of 

Sciences  of. 

Madrid,  Academy  of  Sciences  of. 
Manchester,  Geological  Society 

of. 
Melbourne,  Public  Library  of. 

  .    Royal  Society  of  Victoria. 
Milan,  Society  of  Natural  Sciences of. 

Montreal,  Natural  History  So- 
ciety of. 

Moscow,  Imperial  Academy  of 
Naturalists  in. 

Munich,  Academy  of  Sciences  of. 

Neuchatel,    Society   of   Natural 
Sciences  of. 

Nova  Scotian  Institute. 

Padua,  Royal  Academy  of  Sci- 
ences of. 

Palermo,  Institute  of  Natural 
Sciences  of. 

Paris.     Academy  of  Sciences. 

  .  Depot  General  de  la  Ma- rine. 

  .     School  of  Mines. 
  .  Institute  of  the  Provinces. 

Philadelphia.  Academy  of  Na- 
tural Sciences. 

  .      American  Philosophical Society. 

Plymouth  Institution. 
Presburg,  Natural  History  So- 

ciety of. 

St.  Petersburg,  Imperial  Academy of. 
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Shanghai.  Korth  China  branch 
of  the  Eoyal  Asiatic  Society. 

Southampton.    Ordnance  Survey. 

Stockholm.  Royal  Swedish  Aca- 
demy. 

Tasmania,  Eoyal  Society  of. 

Teign  Naturalists'  Pield-club. Toronto.     Canadian  Institute. 

Turin.     Alpine  Club. 

  .     Eoyal  Institute  of  Lom- 
bardy. 

Vienna,  Geological  Institute  of. 
  ,  Imperial  Academy  of. 

"Warwickshire  Naturalists'  Field- 
club. 

"Washington.     Patent  Office. 
  .     Smithsonian  Institution. 
Wurtemburg,  Natural  History 

Society  of. 

Yorkshire  ("West  Eiding).  Geo- 
logical and  Polytechnic  So- 

ciety. 

II.  List  containing  the  names  of  the  Persons  from  whom  Donations 
to  the  Library  and  Museum  have  been  received  since  the  last 
Anniversary. 

Adams-Eeilly,  A.,  Esq. 
Ansted,  Prof.  D.  T.,  P.G.S. 
American  Journal  of  Science  and 

Arts,  Editor  of  the. 

Archiac,  Yicomte  A.  d',  For.Mem. 
G.S. 

Athenaeum,  Editor  of  the. 

Bagot,  A.  H.,  Esq. 
Barrande,  M.  J.,  Eor.Mem.G.S. 
Bauerman,  H.,  Esq.,  E.G.S. 
Beckett,  H.,  Esq.,  E.G.S. 
Benecke,  M.  E.  W. 
Bianconi,  Prof.  G. 
Binney,  E.  W.,  Esq.,  E.G.S. 
Bischof,  Prof.  G.,  Eor.Mem.G.S. 
Blanford,  H.  F.,  Esq.,  E.G.S. 
Boucher  de  Perthes,  M.,For.Corr. 

G.S. 
Boult,  J.,  Esq. 
Brady,  H.B.,  Esq.,  F.G.S. 
Brown,  E.,  Esq. 

Campbell,  J.  F.,  Esq. 
Carter,  Dr.  H.  J. 
CatuUo,  Sign. 
Charnock,  Dr.  E.  S. 
Christy,  the  Executors  of  the  late 

H.,  Esq.,  F.G.S. 
Clarke,  Eev.  W.  B.,  F.G.S. 
Codriugton,  T.  Esq.,  F.G.S. 

Colliery  Guardian,  Editor  of  the. 
CoUomb,  M.  E. 
Crawford,  J.  C,  Esq.,  F.G.S. 

Dames,  Capt.  T.  L. 
Dawkins,  W.  B.,  Esq.,  F.G.S. 
Dawson,  Dr.  J.  W.,  E.G.S. 
Delesse,  Prof.  A.,  Eor.Mem.G.S. 
Deshayes,  Prof.  G.  P.,  For.Mem. 

G.S. 
Duncan,  Dr.  P.  M.,  Sec.G.S. 

Edwards,    Dr.  H.   Milne-    For. 
Mem.G.S. 

Egerton,  Sir  P.  de  M.  G.,  Bart. 
F.G.S. 

Erdmann,  Dr.  A. 

Favre,  M.  A. 
Fonvielle,  M.  de. 
Foote,  E.  B.,  Esq. 
Forchhammer,  the  late  Prof.  G., 

Eor.Mem.G.S. 

Fuhlrott,  Prof.  C. 

Garrigou,  M.  F. 
Gastaldi,  Sign.  B.,  For.Corr.G.S. 
Geinitz,  Dr.  H.  B.,  Eor.Mem.G.S. 
Goeppert,  Dr.  H.  E.,  For.Mem. 

G.S. 
Groot,  M.  C.  de. 
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Guilbert,  M.  L. 
Giimbel,  Herr  Bergm.,  For.Corr. 

G.S. 
Gunn,  Eev.  J.,  F.G.S. 
Guppy,  R.  J.  L.,  Esq. 
Gutzeit,  T.  von. 

Haast,  Dr.  J.,  F.G.S. 
HasweU,  G.  C,  Esq. 
Hauer,  E.  R.  von.,  Eor.Corr.G.S. 
Hebert,  Prof.  E.,  Eor.Corr.G.S. 
Heer,  Dr.  0.,  Eor.Corr.G.S. 
Helmersen,    Gen.    G.   von,   Eor. 

Mem.G.S. 

Herschel,  Sir  J".  E.  W.,  E.G.S. Hind,  Prof.  H.  Y. 
Hochstetter,  Dr.  E. 
Hon,  M.  H.  Le. 
Hull,  E.,  Esq.,  E.G.S. 

Intellectual  Observer,  Editor  of 
the. 

James,  Col.  Sir  H.,  E.G.S. 
Jervis,  W.  P.,  Esq.,  E.G.S. 
Jones,  Prof.  T.  R.,  E.G.S. 
Jordan,  H.  K.,  Esq.,  E.G.S. 
Journal  of  the  Society  of  Arts, 

Editor  of  the. 

Karrer,  Dr.  E. 
Keene,  W.,  Esq.,  E.G.S. 
King,  Prof.  W. 
Kirkby,  J.  W.,  Esq. 
Koenen,  Baron  von. 
Kokscharow,  M.  N.  von. 
Koninck,  Prof.  L.  de,  Eor.Mem. 

G.S. 

Lankester,  E.  R.,  Esq. 
Lartet,  M.  E.,  Eor.Mem.G.S. 
Lartet,  M.  L. 
Laube,  Dr.  G.  C. 
Laugel,  M.  A.,  E.G.S. 
Lavizzari,  Dr.  L. 
Lentillac,  M.  de. 
Liebig,  Baron  J.  von. 
Locke,  J.,  Esq. 
Logan,  Sir  W.  E.,  E.G.S. 
London  Review,  Editor  of  the. 

Longman  and  Co.,  Messrs. 
Luca,  Sign.  S.  de. 
Ludwig,  M.  R. 
Lyell,  Sir  Charles,  Bart.,  E.G.S. 

Mackie,  S.  J.  Esq.,  E.G.S. 
Mares,  Dr.  P. 
Marmora,  Gen.  A.  della. 

Martin,  M.  J.- Martins, Dr.  C,  Eor.Corr.G.S. 
Maw,  G.,  Esq.,  E.G.S. 
Mining  and  Smelting  Magazine, 

Editor  of  the. 

Montagna,  M.  C. 
Mortillet,  M.  G.  de. 
Murchison,  Sir  R.I.,  Bart.,  E.G.S. 

Nageli,  Dr.  C. 

Omboni,  Sign.  G. 
Oppel,  the  late  Dr.  A.,  Eor.Corr. 

G.S. 
Owen,  J.  W.  B.,  Esq. 

Page,  D.,  Esq.,  E.G.S. 
Parker,  W.  K.,  Esq. 
Perrey,  M.  A. 
Petermann,  Dr.  A. 
PhiUips,  Prof.  J.,  E.G.S. 
Ponzi,  Sign.  G. 
Prado,  Sign.C.de,Eor.Mem.G.S. 

Quetelet,  M.  A. 

Ramstedt,  Lieut.-Col.  C. 
Reader,  Editor  of  the. 
Renevier,  M.  E. 
Reuss,  Dr.  A.  E.,  Eor.Corr.G.S. 
Roberts,  the  late   G.  E.,  Esq., 

E.G.S. 
Romanofski,  M.  G. 

Sanders,  W.,  Esq.,  E.G.S. 
Seeley,  H.  Esq.,  E.G.S. 
Selwyn,  A.  R.  C.,  Esq. 
Sismonda,    Prof.   A.,   Eor.Mem. 

G.S. 

Soulby,  T.,  Esq. 
South,  Sir  J. 
Spratt,  Capt.  T.  A.  B.,  E.G.S. 
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Spruce,  E.  Esq. 
Stoliczka,  Dr.  ¥.,  F.G.S. 
Studer,  Prof.  B.,  For.  Mem.  G.S. 
Suess,  Prof.  E.,  Eor.Corr.G.S. 

Tate,  G.  Esq.,  F.G.S. 
Tate,  R.  Esq.,  F.G.S. 
Tawny,  E.  P.,  Esq.,  F.G.S. 
Tennant,  Prof.  J.,  -F.G.S. 
Theobald,  Prof. 
Triibner  and  Co.,  Messrs. 
Tylor,  A.,  Esq.,  F.G.S. 

Tylor,  E.  P.,  Esq. 
Yerneuil,  M.  E.  de,   For. Mem. 

G.S. 

Waagen,  Dr.  W. 
Watelet,  M.  A. 
Whitaker,  W.,  Esq.,  F.G.S. 
Winchell,  Prof.  A. 
Winkler,  Dr.  T.  C. 
Winslow,  Dr.  C.  F. 
Wood,  Eev.  H.  H.,  F.G.S. 

Wood,  S.  y.,  jun.,  Esq.,  F.G.S. 

List  of  Papers  read  since  the  last  Anniversary  Meeting, 
February  17th,  1865. 

1865. 

February  22nd. — On  the  Lower  Silurian  Eocks  of  the  South- east 
of  Cumberland  and  the  North-east  of  Westmoreland,  by  Prof.  E. 
Harkness,  F.E.S.,  F.G.S. 

•   Note  on  the  Volcanic  Tufa  of  Latacunga,  at  the  foot 
of  Cotopaxi ;  and  on  the  Cangaua,  or  Volcanic  Mud  of  the  Quite- 
nian  Andes,  by  E.  Spruce,  Esq. ;  communicated  by  Sir  E.  I. 
Murchison,  Bart.,K.C.B.,  F.E.S.,  F.G.S. 

On  the  Discovery  of  Flint  Implements  in  the  Drift 
at  Milford  Hill,  Salisbury,  by  Dr.  H.  P.  Blackmore ;  communi- 

cated by  J.  Evans,  Esq.,  F.E.S.,  F.G.S. 
March  8th. — A  Description  of  the  Echinodermata  from  the  Strata  on 

the  South-east  Coast  of  Arabia,  and  at  Bagh  on  the  Nerbudda,  in 
the  Collection  of  the  Geological  Society,  by  P.  Martin  Duncan, 
M.B.,  Sec.G.S. 
  On  the  Fossil  Contents  of  the  Genista  Cave,  Gibraltar, 

by  G.  Busk,  Esq.,  F.E.S.,  F.G.S.,  and  the  late  Hugh  Falconer, 
M.D.,  F.E.S.,  F.G.S. 

March  22nd. — Notes  on  the  Caves  of  Gibralter,  by  Lieut.  C.  Warren, 
E.E. ;  communicated  by  Sir  E.  I.  Murchison,  Bart.,  K.C.B.,  F.E.S., 
F.G.S. 

  On  the  asserted  Occurrence  of  Human  Bones  in  the 

ancient  Fluviatile  Deposits  of  the  Nile  and  the  Ganges,  with  com- 
parative Eemarks  on  the  Alluvial  Formation  of  the  two  Valleys,  bv 

the  late  Hugh  Fcilconer,  M.D.,  F.E.S.,  F.G.S. 

April  5th. — On  some  Tertiarjr  Deposits  in  the  Colony  of  Victoria, 
Austraha,  by  the  Eev.  J.  E.  T.  Woods,  F.L.S.,  F.G.S. ;  with  a 
Note  on  the  Corals,  by  P.  M.  Duncan,  M.B.,  Sec.G.S. 
  On  the  Chalk  of  the  Isle  of  Thanet,  by  W.  Whitaker, 

Esq.,  B.A.,  F.G.S. 
  On  the  Chalk  of  Buckinghamshire,  and  on  the  Tot- 

ternhoe  Stone,  by  W.  Whitaker,  Esq.,  B.A.,  F.G.S. 
On  the  Chalk  of  the  Isle  of  Wight,  by  W.  Whitaker, 

Esq.,  B.A.,  F.G.S. 
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April  26th. — On  the  Character  of  the  Cephalopodous  Fauna  of  the 
South-Indian  Cretaceous  Rocks,  bj  Dr.  Stoliczka,  Ph.D. ;  com- 

municated by  the  Assistant -Secretary. 
  On  the  Growth  of  Flos  Ferri,  or  Coralloidal  Arragonite, 

by  W.  Wallace,  Esq. ;  communicated  by  W.   W.   Smyth,  Esq., 
F.E.S.,  F.G.S. 

Notes  accompanying  some  Rhomboidal  Specimens  of 
Iron- Sandstone,  &c.,  presented  to  the  Society,  by  Sir  J.  F.  W.  Her- 
schel,  Bart.,  K.C.H.,  F.E.S.,  F.G.S. ;  with  a  Note,  by  Capt.  T.  L. 
Dames ;  communicated  by  Sir  C.  Lyell,  Bart.,  F.B.S.,  F.G.S. 

May  10th. — On  the  Azoic  and  Palaeozoic  Eocks  of  Southern  New 
Brunswick,  by  G.  F.  Matthew,  Esq. ;   communicated  by  J.  W. 
Dawson,  LL.D.,  F.E.S.,  F.G.S. 
  Eesults  of  Geological  Observations   in   Baden    and 

Franconia,  by  Dr.  F.  Sandberger,  For.Corr.G.S. 
On  the  Changes  rendered  necessary  in  the  Geological 

Map  of  South  Africa  by  recent  Discoveries  of  Fossils,  by  E.  N. 
Eubridge,  M.B.,  F.G.S. 

May  24th. — Additional  Observations  on  the  Eaised  Beach  of  San- 
gatte with  reference  to  the  Date  of  the  English  Channel,  and  the 

presence  of  Loess  in  the  Cliff  Section,  by  J.  Prestwich,  Esq.,  F.E.S., 
Treas.G.S. 

  On  the  Superficial  Deposits  of  the  Valley  of  the  Med- 
way,  with  remarks  on  the  Denudation  of  the  Weald,  by  C.  Le  N. 
Foster,  D.Sc,  F.G.S.,  and  W.  Topley,  Esq.,  F.G.S. 

June  7th. — Note  on  Ovibos  moschatus,  Blainville,  by  M.  E.  Lartet, 
For.Mem.G.S. 

  On  some  Additional  Fossils  from  the  Lingula-flags, 
by  J.  W.  Salter,  Esq.,  F.G.S. ;  with  a  Note  on  the  Genus  Anopo- 
lenus,  by  H.  Hicks,  Esq.,  F.G.S. 

On  some  New  Species  of  Crustacea  belonging  to  the 
Order  Eurypterida,  by  Henry  Woodward,  Esq.,  F.G.S.,  F.Z.S. 

On  the  Discovery  of  a  New  Genus  of  Cirripedia  in 
the  Wenlock  Limestone  and  Shale  of  Dudley,  by  Henry  Wood- 

ward, Esq.,  F.G.S.,  F.Z.S. 
On  a  New  Genus  of  Eurypterida  from  the  Lower 

Ludlow  Eock  of  Leintwardine,  Shropshire,  by  Henry  Woodward, 
Esq.,  F.G.S.,  F.Z.S. 

June  21st. — On  the  Carboniferous  Eocks  of  the  Valley  of  Kashmere, 
by  Capt.  H.  Godwin-Austen ;  with  Notes  on  the  Carboniferous 
Brachiopoda,  by  T.  Davidson,  Esq.,  F.E.S.,  F.G.S.;  and  an  In- 

troduction and  Eesume,  by  E.  A.  C.  Godwin-Austen,  F.E.S.,  For. 
Mem.G.S. ;  communicated  by  E.  A.  C.  Godwin -Austen,  Esq., 
F.E.S.,  &c. 

  On  the  Mammalian  Eemains  found  by  E.  Wood,  Esq., 
near  Eichmond,  Yorkshire,  by  W.  B.  Dawkins,  Esq.,  M.xl.,  F.G.S. ; 

with  an  Introductory  Note  on  the  Deposit  in  which  they  w^ere 
found,  by  E.  Wood,  Esq.,  F.G.S.,  and  G.  E.  Eoberts,  Esq., 
F.G.S. 
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JS'ovember  8th. — On  the  Submerged  Forest-beds  in  Porlock  Bay,  by E.  A.  C.  Godwin-Aiisten,  Esq.,  F.R.S.,  Por.Sec.G.S. 
  On  the  Marine  Origin  of  the  '  Parallel  Roads'  of 

Glen  Eoy,  by  the  Rev.  R.  Boog  Watson,  B.A.,  P.G.S. 
November  22nd. — On  Impressions  of  Selenite  in  the  Woolwich  Beds 

and  London  Clay,  by  P.  Martin  Duncan,  M.B.,  Sec.G.S. 
  On  the  Relation  of  the  Chillesford  Beds  to  the  Norwich 

Crag,  by  the  Rev.  0.  Fisher,  M.A.,  F.G.S. 
December  6th. — On  the  Western  Limit  of  the  Rhsetic  Beds  in  South 

Wales,  and  on  the  position  of  the  Sutton  Stone,  by  E.  B.  Tawnej, 
Esq.,  F.G.S. ;  with  a  Note  on  the  Corals  of  the  Sutton  Stone,  by 
P.  Martin  Duncan,  M.B.,  Sec.G.S. 
  Notes  on  a  Section  of  the  Lower  Lias  and  Rhsetic 

Beds  near  Wells,  Somerset,  by  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S. 

December  20th. — On  the  Conditions  of  the  Depositions  of  Coal,  by 
J.  W.  Dawson,  LL.D.,  F.R.S.,  F.G.S. 

1866. 

January  10th. — On  the  Origin  and  Microscopic  Structure  of  the  so- 
called  Eozoon-Serpentine,  by  Prof.  W.  King  and  Dr.  T.  H.  Row- 
ney ;  communicated  by  Sir  R.  I.  Murchison,  Bart.,  F.R.S.,  F.G.S. 

.   Supplemental  Notes  on  the  Structure  and  Affinities 
of  Eozoon  Canadense,  by  W.  B.  Carpenter,  M.D.,  F.R.S.,  F.G.S. 

January  24th. — Notes  on  Belgian  Geology,  by  R.  A.  C.  Godwin- 
Austen,  Esq.,  F.R.S.,  For.Sec.G.S. 

February  7th. — On  the  Mode  of  Formation  of  certain  Lake-basins 
in  New  Zealand,  by  W.  T.  Locke  Travers,  Esq. ;  communicated 
by  Sir  C.  LyeU,  Bart.,  D.C.L.,  F.R.S.,  F.G.S. 

  '■   On  the  Occurrence  of  Dead  Littoral  Shells  in  the  Bed 
of  the  German  Ocean,  forty  miles  from  the  coast  of  Aberdeen,  by 
Robert  Dawson,  Esq. ;  communicated  by  T.  F.  Jamieson,  Esq., 
F.G.S. 

On  the  Glacial  Phenomena  of  Caithness,  by  T.  F. 
Jamieson,  Esq.,  F.G.S. 

After  the  Reports  had  been  read,  it  was  resolved, — 
Th  at  they  be  received  and  entered  on  the  minutes  of  the  Meeting ; 

and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 
and  distributed  among  the  Fellows. 

It  was  afterwards  resolved, — 
1.  That  the  thanks  of  the  Society  be  given  to  W.  J.  Hamilton, 

Esq.,  retiring  from  the  office  of  President. 
2.  That  the  thanks  of  the  Society  be  given  to  Dr.  Meryon,  J. 

Carrick  Moore,  Esq.,  and  Sir  R.  I.  Murchison,  retiring  from  the 
offices  of  Vice-Presidents. 

3.  That  the  thanks  of  the  Society  be  given  to  Warington  W. 
Smyth,  Esq.,  retiring  from  the  Office  of  Secretary. 

4.  That  the  thanks  of  the  Society  be  given  to  Robert  Chambers, 
Esq.,  the  Rev.  Robert  Everest,  Sir  John  Lubbock,  and  Dr.  Meryon, 
retiring  from  the  Council. 
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After  the  Balloting- glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensuing 

year ; — 

OFFICERS. 

PRESIDENT. 

Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S. 

VICE-PRESIDENTS. 

Sir  P.  de  M.  G.  Egerton,  Bart.,  M.P.,  F.R.S. 
Professor  T.  H.  Huxley,  F.R.S.  &  L.S. 
Sir  Charles  Lyell,  Bart.,  D.C.L.,  F.R.S. 
Professor  A.  C.  Ramsay,  F.R.S. 

SECRETARIES. 

P.  Martin  Duncan,  M.B. 
John  Evans,  Esq.,  F.R.S.,  F.S.A. 

FOREIGN  SECRETARY. 

R.  A.  C.  Godwin-Austen,  Esq.,  F.R.S. 

TREASURER. 

Joseph  Prestwich,  Esq.,  F.R.S. 

COUNCIL. 

H.  W.  Bristow,  Esq.,  F.R.S. 
P.  Martin  Duncan,  M.B. 
Sir  P.  de  M.  G.  Egerton,  Bart., 

M.P.,  F.R.S. 
EarlofEnniskillen,D.C.L.,F.R.S. 
Robert  Etheridge,  Esq.,  F.R.S.E. 
John  Evans,  Esq.,  F.R.S.,  F.S.A. 

R.  A.  C.  Godwin- Austen,  Esq., 
F.R.S. 

W.  J.  Hamilton,  Esq.,  F.R.S. 
Professor  T.  H.  Huxley,  F.R.S. 

&L.S. 

J.  Gwyn  Jeffreys,  Esq.,  F.R.S. 
Professor  T.  Rupert  Jones. 
M.  Auguste  Laugel. 
Sir  Charles  Lyell,  Bart.,  D.C.L., 

F.R.S. 
VOL.  XXII. 

John  Carrick  Moore,  Esq.,  M.A. 
F.R.S. 

Professor  John  Morris. 

Sir  R.  I.  Murchison,  Bart.,K.C.B. 
F.R.S. 

Robert  W.  Mylne,  Esq.,  F.R.S. 
Joseph  Prestwich,  Esq.,  F.R.S. 
Professor  A.  C.  Ramsay,  F.R.S. 
Warington  W.Smyth,  Esq.,  M.A. 

F.R.S. 

Capt.  T.  A.  B.  Spratt,  R.N.,  C.B., 
F.R.S. 

Lieut.-Col.   R.    Strachey,   R.E., 
F.R.S.  &  L.S. 

Rev.    Thomas  Wiltshire,   M.A., 
F.R.A.S. 
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LIST  OF 

THE  FOREIGN  MEMBERS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1866. 

Date  of 
Election. 

1818.  Professor  G.  C.  Gmelin,  Tiihingen. 
1819.  Count  A.  Breuner,  Vie)ina. 

1819.     Signor  Alberto  Parolini,  Bassano. 
1822.  Count  Vitaliano  Borromeo,  Milan. 

1823.  Professor  Nils  de  Nordenskiold,  Helsingfors. 
1827.  Dr.  H.  von  Declien,  Bonn. 

1828.  M.  Leonce  Elie  de  Beaumont,  Sec.  Perpetuel  de  I'lnstit.   France, 
For.  Mem.  R.S.,  Paris. 

1829.  Dr.  Ami  Boue,  Vienna. 

1829.     J.  J.  d'Omalius  d'Halloy,  Halloy,  Belgium. 
1839.  Dr.  Ch.  O.  Ehrenberg,  For.  Mem.  U.S.,  Berlin. 

1840.  Professor  Adolphe  T.  Brongniart,  For.  Mem.  R.S.,  Pans. 
1840.  Professor  Gustav  Rose,  Berlin. 

1841.  Dr.  Louis  Agassiz,  For.  Mem.  R.S.,  Cambridge,  Massachusetts. 
1841.     Professor  G.  P.  Deshayes,  Paris. 

1844.  William  Burton  Rogers,  Esq.,  Boston,  U.  S. 
]844.  M.  Edouard  de  Verneuil,  For.  Mem.  R.S.,  Paris. 

1847.  M.  le  Vicomte  B.  d'Arcliiac,  Paris. 
1848.  James  Hall,  Esq.,  Albany,  State  of  New  York. 
1850.  Professor  Bernard  Studer,  Berne. 

1850.  Herr  Hermann  von  Meyer,  Franhfort-on-Maine. 
1851.  Professor  James  D.  Dana,  New  Haven,  Connecticut. 
1851.     General  G.  von  Helmersen,  St.  Petersburg. 

1851.  Hofratli  W.  K.  Hai dinger,  For.  Mem.  R.S.,  Vienna. 
1851.  Professor.  Angelo  Sismonda,  Turin. 
1853.  Count  Alexander  von  Keyserling,  Dorpat. 
1853.  Professor  L.  G.  de  Koninck,  Liege. 

1864.  M.  Joachim  Barrande,  Prague. 
1854.  Professor  Karl  Friedricli  Naumann,  Leipsic. 
1856.  Professor  Robert  W.  Bunsen,  For.  Mem.  R.S.,  Heidelberg. 

1857.  Professor  H.  R.  Goeppert,  Breslau. 
1857.     M.  E.  Lartet,  Paris. 
1857.     Professor  H.  B.  Geinitz,  Dresden. 

1857.  Dr.  Plermann  Abich,  Tijlis,  Northern  Persia. 

1858.  Dr.  J.  A.  E.  DeslDngcliamps,  Caen. 
1858.  Herr  Arn.  Esclier  yon  der  Linth,  Zurich. 
1859.  Professor  A.  Delesse,  Paris. 
1859.  Dr.  Ferdinand  Roemer,  Breslau. 

1860.  Dr.  H.  Milne-Edwards,  For.  Mem.  R.S.,  Paris. 
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1861.  Professor  Giistav  Biscliof,  Bonn. 
1862.  Senor  Casiano  di  Prado,  Madrid. 

1862.  Baron  Sartorius  von  Waltershausen^  Gottingen. 
1862.  Professor  Pierre  Merian,  Basle. 
1864.  Professor  Paolo  Savi,  Pisa. 

1865.  M.  Jules  Desnoyers,  Paris. 

LIST  OF 

THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  m  1866. 

Election. 

1863.  Professor  Beyricli,  Berlin. 
1863.  M.  Boucher  de  Perthes,  Abbeville. 

1863.  Herr  Bergmeister  Credner,  Gotha. 
1863.     Professor  Daubree,  Paris. 
1863.  M.  Desor,  Neuchdtel. 
1863.  Professor  Favre,  Geneva. 

1863.  Signor  Gastaldi,  Turin. 
1863.  Dr.  C.  T.  Gaudin,  Lausanne. 
1863.  M.  Paul  Gervais,  Montpellier. 
1863.  Herr  Bergmeister  Giimbel,  Munich. 
1863.  Franz  Ritter  von  Hauer,  Vienna. 

1863.  Professor  E.  Hebert,  The  Sorbonne^  Paris. 
1863.  Rev.  Dr.  0.  Heer,  Zurich. 
1863.  Dr.  Moritz  Homes,  Vienna. 

1863.  Dr.  G.  F.  Jager,  Stuttyart. 
1863.  Dr.  Kaup,  Darmstadt. 
1863.  Dr.  Theodor  Kjerulf,  Christiana. 

1863.  M.  von  Kokscharow,  >S'^.  Petersburg. 
1863.  Dr.  Leidj,  Philadelphia. 
1863.  M.  Loven,  Stockholm. 

1863.  Lieut. -Gen.  Count  Alberto  Ferrero  della  Marmora,  Turin 
1863.  Count  A.  G.  Marschall,  Vienna. 

1863.  Professor  G.  Meneghini,  Pisa. 
1863.  M.  Morlot,  Berne. 

1863.  M.  Henri  Nyst,  Brussels. 
1863.  II  Marchese  Lorenzo  Damaso  Pareto,  Genoa. 
1863.  Professor  Pictet,  Geneva. 

1863.  Signor  Ponzi,  Rome. 
1863.  Professor  Quenstedt,  Tiibingen. 

1863.  Professor  F.  Sandberger,  Bavaria. 

1863.  Signor  Q.  Sella,  Turin. 
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1863.  Dr.  F.  Senft,  Eisenach. 

1863.  Dr.  B.  Shumard,  St.  Louis,  Missouri. 
1863.  Dr.  Steenstriip,  Copenhagen. 
1863.  Prof.  E.  Suess,  Vienna. 

1863.  Marquis  de  Vibraye,  Paris. 
1864.  M.  J.  Bosquet,  Maestricht. 
1864.  Dr.  Charles  Martins,  Montpellier. 
1865.  Dr.  C.  Nilsson,  Stockholm. 

AWARDS  OF  THE  WOLLASTON-MEDAL 

UNDER    THE    CONDITIONS    OF    THE    "  DONATION-FUND 

ESTABLISHED    BY 

WILLIAM  HYDE  WOLLASTON,  M.D.,  F.R.S.,  F.G.S.,  &c., 

"  To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 

individuals  of  any  country  by  whom  such  researches  may  hereafter  be 

made," — "  such  individual  not  being  a  Member  of  the  Council." 

1831.  Mr.  William  Smith. 
1835.  Dr.  G.  A.  Mantell. 

1836.  M.  L.  Agassiz. 

-j^gg^       j  Capt.  P.  T.  Cautley. I  Dr.  H.  Falconer. 
1838.  Professor  E.  Owen. 

1839.  Professor  C.  G.  Ehrenberg. 
1840.  Professor  A.  H.  Dumont. 

1841.  M.  Adolphe  T.  Brongniart. 
1842.  Baron  L.  von  Buch. 

1 Q  V  o       J  M.  E.  de  Beaumont. 

'      I  M.  P.  A.  Dufrenoy. 
1844.  The  Rev.  W.  D.  Conybeare. 

1845.  Professor  John  Phillips. 
1846.  Mr.  William  Lonsdale. 
1847.  Dr.  Ami  Boue. 

1848.  The  Rev.  Dr.  W.  Buckland. 

1849.  Mr.  Joseph  Prestwich,  jun. 
1850.  Mr.  William  Hopkins. 

1851.  The  Rev.  Prof  A.  Sedgwick. 
1852.  Dr.  W.  H.  Fitton. 

-loKQ      \  M.leVicomteA.d'Archiac. I  M.  E.  de  Vemeuil. 
1854.  Dr.  Richard  Griffith. 

1855.  Sir  H.  T.  De  la  Beche. 

1856.  Sir  W.  E.  Logan. 
1857.  M.  Joachim  Barrande. 

1858      \  ^^^^  Hermann  von  Meyer, I  Mr.  James  Hall. 
1859.  Mr.  Charles  Darwin. 
1860.  Mr.  Searles  V.  Wood. 

1861.  Prof  Dr.  H.  G.  Bronn. 

1862.  Mr.  Kobert  A.  C.  Godwin- 
Austen. 

1863.  Prof.  Gustav  Bischof 

1864.  Sir  E.  I,  Murchison. 
1865.  Mr.  Thomas  Davidson. 

1866.  Sir  Charles  LyeU. 
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Estimates  ybr 

INCOME  EXPECTED. 

£     s.    d.      £    s.    d. 

Due  for  Subscriptions  on  Quarterly  Journal  (con- 

sidered good)          80     0     0 

Due  for  Authors*  Corrections          25     0     0 

Due  for  Arrears  (See  Valuation- sheet)        450     0     0 
   555     0     0 

Ordinary  Income. 

From  Resident  Fellows,  &c.,  and  Non-resi- 

dents of  1859  to  1861    700     0     0 

Admission-fees  (supposed)        350     0     0 

Compositions  (supposed)      300     0     0 
  1350     0     0 

Dividends  on  Consols        140     0     0 

Sale  of  Transactions,  Proceedings,  Library-cata- 

logues, and  Ormerod's  Index           15     0     0 

Sale  of  Quarterly  Journal     140     0     0 

Due  from  Longman  and  Co.  in  June          48  12     0 
■   203  12     0 

Due  from  the  Bequest-fund  on  account  of  monies  expended 

on  Map,  Library,  and  Museum       238  14  11 

Sale  of  Geological  Map    150     0    0 

£2637     6  11 

JOSEPH  PRESTWICH,  Treas. 

Feb.  7, 1866. 



the  Year  1866. 

EXPENDITURE  ESTIMATED. 

£  8.  d.      £     s.    d. 

General  Expenditure : 
Taxes  and  Insurance      90  0  0 

House-repairs    20  0  0 
Furniture         20  0  0 
Fuel    35  0  0 

Light       30  0  0 
Miscellaneous  Printing,  including  Abstracts    25  0  0 
Tea  for  Meetings    20  0  0 

Miscellaneous  House-expenses      85  0  0 
Stationery        25  0  0 

   350     0     0 

Salaries  and  Wages : 

Assistant-Secretary     200  0  0 
Clerk  and  Accountant       90  0  0 

Assistants  in  Museum  and  Library     145  0  0 
Porter      ,       90  0  0 
Housemaid         40  0  0 
Occasional  Attendance          12  0  0 
Collector       20  0  0 

   597     0     0 

Library       150  0  0 
Museum       50  0  0 

   200     0     0 

Diagrams  at  Meetings            5  0  0 

Miscellaneous  Scientific  Expenditure          40  0  0 
  45     0     0 

Publications:  Quarterly  Journals        550     0     0 
„  Transactions          5     0     0 

   555     0     0 

„  Geological  Map    130     0     0 
Due  to  Collector  and  Clerk         50  18     2 

1927   18     2 

Balance  in  favour  of  the  Society     709     8     9 

^2637     6  11 



Income  and  Expenditure  during  the 

RECEIPTS. 
£     s.     d.      £ 

Balance  at  Banker's  January  1,  1865      225 
Balance  in  Clerk's  hands        ditto              116 
Compositions  received        389 
Arrears  of  Admission-fees             75 

Arrears  of  Annual  Subscription         1 24 
Admission-fees,  1865          283 
Annual  Contributions  for  1865,  viz. — 

Resident  Fellows   £552     6     0 
Non-Resident  Fellows   ...      42  10    .6   594 

Dividends  on  Consols      141 
Publications : 

Sale  of  Transactions         7    3     6 

Sale  of  Journal,  Vols.  1-6           1  11     4 
„  Vols.  7-12         4    4     9 
„  Vols.  13-15         4     9     0 
„  Vol.   16              2    0     0 

Vol.   17             1  17  10 
„  Vol.   18              2  11     0 

Vol.   19              4  12    0 
„  Vol.   20            15     8     2 
„  Vol.   21            64  18     7 

     108  16     2 

Longman  and  Co.,  Sale  of  Journal  in  1864            51     1     6 
Sale  of  Geological  Map          12  12     0 
Sale  of  Library-catalogues          1     9     6 
Sale  of  Ormerod's  Index         10     0 

15 

s. 

d. 

10 
5 

7 2 
0 6 

12 
0 

19 0 
10 0 

16 6 
0 8 

We  have  compared  the  Books  and 
Accounts  presented  to  us,  and  find 
them  correct. 

(Signed)       ™OS^^'I^HmE.},„,,^^^^  ̂ ^^^^^ 
Feb.  7,  1866. 



Year  ending  December  Slst,  1865. 

EXPENDITURE. 

General  Expenditure ;  £    s.   d»        £     s.    d. 
Taxes       5118     4 
Fire-insurance         3     0     0 

New  Furniture     .'          119     4 
House-repairs       15     0    3 
Fuel       33     0     0 
Light    28  17  10 
Miscellaneous  House-expenditure       86  16    5 
Stationery    24  13     2 
Miscellaneous  Printing    20     1     0 
Tea  for  Meetings     17  15     8 

        283     2     0 

Salaries  and  Wages : 

Assistant-Secretary     200     0     0 
Clerk       90     0     0 
Library  and  Museum  Assistants     139     0     0 
Porter       90     0     0 
Housemaid           40     0     0 
Occasional  attendants           8  15     0 

       567   15     0 

Library        53   19     4 

Museum          8  15     6 

Miscellaneous  Scientific  Expenses           32     2     1 

Publications  : 

Geological  Map       25     5     2 
Journal,  Vols.  1-6         2  11  10 

„        Vol.19            0     6     0 
Vol.20            8     7     6 
Vol.21        520  11     2 

■    557  1  8 

Over-credited  Arrears  of  Admission-fees  in  1864. ...  12  12  0 

Balance  at  Banker's,  Dec.  31,  1865    381  18  9 
Balance  in  Clerk's  hands,  Dec.  31,  1865    228  9  1 

£2125  15     5 





PROCEEDINGS 

AT  THE 

ANNUAL  GENERAL  MEETING, 

16th  FEBHUAEY,  1866. 

Award  of  the  Wollaston  Medal. 

The  Reports  of  the  Council  and  Committees  having  been  read,  the 

President,  William  John"  Hamilton,  Esq.,  E.R.S.,  delivered  the 
"WoUaston  Medal  to  Sir  Charles  Lyell,  addressing  him  as  follows : — 

Sir  Charles  Lyell, — I  need  hardly  say  that  it  is  with  very  great 
satisfaction  that  I  find  it  has  fallen  to  my  lot  to  be  the  means 
of  placing  in  your  hands  this  WoUaston  Medal,  which  the  Council 
have  unanimously  awarded  to  you  in  recognition  of  the  highly 
important  services  you  have  rendered  to  the  study  of  Geology  by 
your  various  original  works,  and  for  the  masterly  and  philosophical 
manner  in  which  you  have  treated  the  subject,  both  in  developing 
the  principles  and  in  expounding  the  elements  on  which  the  science 
of  Geology  is  founded. 

More  than  five-and-thirty  years  have  now  elapsed  since  you  pub- 
lished the  first  edition  of  the  '  Principles  of  Geology,'  in  which  you 

attempted  to  explain  the  former  changes  of  the  earth's  surface  by 
reference  to  causes  now  in  operation,  and  by  giving  a  full  and  de- 

tailed view  of  the  modem  changes  of  the  earth  and  its  inhabitants. 
During  this  period  you  have  published  no  less  than  nine  editions  of 

this  work.  In  1838  you  published  the  first  edition  of  the  '  Ele- 
ments of  Geology,'  consisting  of  an  expansion  of  the  4th  Book  of 

the  ̂   Principles  of  Geology,'  and  containing  a  description  of  the  monu- 
ments of  ancient  changes.  Geology  in  the  strictest  sense,  namely,  a  de- 
tailed account  of  the  successive  formations  of  the  earth's  crust  and 

their  imbedded  fossils  from  the  oldest  crystalline  rocks  to  the  beds 

of  the  Post- tertiary  epoch.  Of  these  '  Elements'  you  published  the 
sixth  edition  last  year,  and  I  need  not  here  repeat  what  I  stated  on 
a  former  occasion  respecting  the  vast  amount  of  additional  informa- 

tion it  contains  as  compared  with  former  editions.  Indeed,  con- 
sidering the  rapid  progress  of  geological  study  and  the  close  atten- 

tion you  have  always  paid  to  every  new  discovery  in  all  quarters  of 
the  globe,  it  could  not  weU  be  otherwise.  It  is  impossible  to  calcu- 

late the  effect  produced  by  these  numerous  publications  j  but  it  is 
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interesting  to  record  the  fact  that  I  have  read  on  more  than  one 

occasion  that  a  perusal  of  Lyell's  '  Elements  '  has  been  the  first  means 
of  calling  the  attention  of  persons  previously  unacquainted  with  the 
subject  to  the  study  of  this  branch  of  science  and  to  the  eager  in- 

vestigation of  the  geological  features  of  the  country  where  they 
resided. 

I  must  also  take  this  opportunity  of  alluding  to  the  great  services 
you  have  rendered  to  the  study  of  Tertiary  Geology  in  helping  to 
clear  away  the  uncertainty  which  prevailed  before  1830  respecting 
the  true  chronological  sequence  of  those  fossiliferous  beds  which  in 
England,  Erance,  and  Italy  overlie  the  chalk  formation,  and  in  many 
of  which  a  greater  or  less  number  of  species  are  found  identical 
with  recent  or  living  forms.  With  the  assistance  of  M.  Deshayes 
you  prepared  comparative  lists  of  the  fossil  shells  found  in  the 
different  Tertiary  formations,  and  of  the  identical  living  species,  and 
you  ascertained  that  in  proportion  to  their  greater  antiquity  they 
invariably  contained  a  smaller  percentage  of  living  forms.  On  this 
you  founded  that  peculiar  classification  with  which  your  name  must 
ever  be  associated.  The  terms  Eocene,  Miocene,  Phocene,  and  Post- 
pliocene  will  always  remain  as  a  memorial  of  the  services  you 
have  rendered  to  geological  science.  And  although  subsequent  disco- 

veries have  shown  that  the  lines  of  demarcation  between  these 

groups  cannot  be  so  sharply  drawn  as  was  at  first  supposed,  and 
that  the  breaks  previously  believed  to  exist  have  been  filled  up  by 
newly  discovered  groups  of  strata,  it  must  not  be  forgotten  that 
you  always  anticipated  that  such  would  be  the  case ;  you  never  ad- 

mitted the  doctrine  maintained  by  some  geologists  that  these  breaks, 
both  in  the  Tertiary  and  in  the  older  formations,  were  the  marks  of  real 
interruptions  and  catastrophes  breaking  the  regular  series  of  events 
in  the  geological  history  of  the  crust  of  the  earth  and  of  its  inha- 

bitants. The  nomenclature  which  you  introduced  has  been  of  im- 
mense service  in  enabling  us  to  arrange  and  coordinate  the  different 

groups  of  Tertiary  deposits  which  occur  in  so  many  localities  of  the 

European  area  as  well  as  in  other  portions  of  the  earth's  surface. 
Allow  me  once  more  to  express  the  sincere  pleasure  and  satisfac- 

tion I  experience  in  placing  this  Medal  in  your  hands. 

Sir  Charles  Lyell,  on  receiving  the  Medal,  replied  as  follows : — 
The  list  of  British  and  foreign  geologists  who  have  received  the 

"WoUaston  Medal  during  the  last  thirty  years  has  been  honoured 
by  so  many  distinguished  names  that  I  cannot  but  feel  highly  gra- 

tified that  the  Council  has  thought  mine  worthy  of  being  added  to 
the  number.  I  acknowledge  with  sincere  thanks  the  flattering 
terms  in  which  you  have  spoken  of  my  scientific  labours  and  writings, 
and  I  only  trust  that  you  have  not  greatly  overrated  their  value.  I 
can  at  least  assure  you  that  as  I  grow  older  I  become  more  and 
more  conscious  of  my  inability  to  keep  pace  with  the  ever-increasing 
rate  at  which  geology  is  expanding,  together  with  the  numerous 
sciences  which  are  so  intimately  connected  with  it. 



ANNIVERSARY  ADDRESS  OP  THE  PRESIDENT. 

Award  of  the  Wollaston  Donation-fund. 

The  President  then  addressed  Mr.  H.  Woodward,  as  follows : — 

Mr.  Woodward, — I  have  much  pleasure  in  handing  to  you  the 
balance  of  the  proceeds  of  the  Wollaston  Pund,  which  the  Council 
have  awarded  to  you  with  the  view  of  assisting  you  in  your  resear- 

ches on  the  fossil  Crustacea.  The  evidences  of  industry  and  zeal 
which  you  have  already  shown  in  this  field  of  palseontological  re- 

search, both  in  the  many  interesting  communications  which  you 
have  made  to  this  Society  and  in  your  other  publications,  lead  us  to 
expect  still  more  important  results  from  your  continued  investiga- 

tions. It  is  this  division  of  labour  which  tends  finally  to  perfection. 
And  while  Mr.  Davidson  has  taken  the  fossil  Brachiopoda  under  his 
special  charge,  Dr.  Wright  the  Echinoderms,  and  Mr.  Salter  has  done 
the  same  with  the  Trilobites,  we  gladly  leave  the  remaining  Crustacea 
in  your  hands,  in  the  confident  hope  that  you  will  treat  them  with  the 
same  success,  and  work  out  their  natural  affinities  and  geological  limi- 

tations with  the  same  credit  to  yourself  and  benefit  to  science,  which 
they  have  already  manifested  in  their  respective  fields  of  operation. 
While  assuring  you  of  my  own  entire  satisfaction  at  this  award,  I 
will  only  add  the  expression  of  my  sincere  wishes  for  your  future 
prosperity  and  success. 

Mr.  Woodward  replied  as  follows  : — 

Mr.  President, — In  returning  thanks  to  you  and  to  the  Council 
for  the  honour  conferred  upon  me,  I  cannot  but  recall  the  names  of 
the  many  able  and  distinguished  geologists  who  in  former  years  have 
received  the  Wollaston  Pund,  and  feel  sure  it  is  owing  more  to  your 
friendly  consideration  than  to  my  own  desert  that  I  am  thus 
favoured. 

Palseontologists  have  never  had  greater  opportunities  for  work 

than  at  the  present  time,  when  so  many  fresh  districts  are  being- 
explored,  yielding  new  series  of  organisms  dissimilar  from,  but  re- 

lated to,  the  living  forms  around  us. 
We  younger  naturalists  and  geologists  have  an  immense  advantage 

over  our  predecessors,  for  we  enjoy  the  results  of  their  labours,  and 
find  that  they  have  made  the  way  light  and  the  path  smooth  beneath 
our  feet.  New  fossils,  however,  turn  up  continually,  and  must  be 
described ;  and  better  examples  of  old  ones,  furnishing  fresh  ma- 

terial for  comparison,  need  to  be  examined. 
With  the  encouragement  which  you  have  been  pleased  to  bestow, 

I  hope  to  add  some  useful  material  to  the  ancient  history  of  the 
Crustacea,  which  it  is  my  pleasant  task  to  investigate. 
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THE  AJS^jSTIYEESAItY  ADDEESS  OF  THE  PRESIDENT, 

"William  John  Hamilton,  Esq.,  F.E.S. 
I  now  proceed,  in  accordance  with  the  practice  hitherto  observed 

by  my  predecessors,  and  before  entering  on  those  observations  re- 
specting the  recent  progress  of  geological  investigation  which  it  is 

my  duty  to  lay  before  yon,  to  read  the  Obituary  Notices  of  some  of 
those  Fellows  of  the  Society  whom  we  have  lost  during  the  past 

year. 
Mr.  Henet  Chkistt  was  the  second  son  of  the  late  Mr.  William 

Miller  Christy,  of  Woodbines,  Kingston-upon-Thames,  and  was  born 
on  the  26th  of  July,  1810.  His  early  life  was  devoted  to  business, 
and  he  succeeded  his  father  as  a  Director  of  the  London  Joint-Stock 
Bank.  A  taste  for  antiquarian  researches  led  him,  however,  at  an 
early  period  to  undertake  many  extensive  journeys  and  expeditions 
with  the  view  of  studying  the  antiquarian  remains  of  various  dis- 

tricts, and  the  primitive  habits  and  customs  of  the  more  remote 
tribes  of  the  human  race. 

In  1856  he  accompanied  Mr.  Edward  Tylor  to  Mexico.  The  result 
of  their  travels  was  published  by  Mr.  Tylor  in  1861  in  a  work  called 

^Anahuac'  He  subsequently  visited  the  United  States,  Canada, 
and  British  Columbia,  picking  up  information  wherever  he  could 
find  it  respecting  the  habits  of  the  wilder  tribes  and  the  earlier  in- 

habitants. Subsequently  he  visited  the  East,  Algeria,  and  the 
north  of  Africa,  Spain,  Italy,  France,  and  the  Scandinavian  king- 
dom. 

It  was  at  a  later  period,  however,  that  he  turned  his  atten- 
tion to  that  branch  of  his  antiquarian  pursuits  which  brought  him 

into  close  relationship  with  this  Society,  of  which  he  became  a  Mem- 
ber in  1858.  Carrying  back  his  researches  into  the  antiquity  of 

man's  presence  on  the  earth,  he  was  brought  into  close  contact 
with  the  relics  of  the  last  period  of  geological  history,  when  Mam- 

malia, now  extinct,  appear  to  have  lived  during  the  Postgla- 
cial period  as  the  cotemporaneous  inhabitants  in  caves  and  forests 

of  the  first  tribes  of  the  human  race  which  dwelt  in  Western 

Europe. 
The  discoveries  of  Abbeville  and  of  Amiens  which  had  been  so 

ably  worked  out  by  Mr.  Prestwich,  induced  Mr.  Christy  to  enter 
upon  a  new  field  of  inquiry ;  and,  in  conjunction  with  his  friend  M. 
Lartet,  he  turned  his  attention  to  the  caves  in  the  south  of  France, 
to  which  several  French  geologists  had  recently  been  devoting  their 
time  and  thoughts,  and  were  endeavouring  to  unravel  the  mys- 

tery which  at  first  attached  to  the  discovery  of  undoubted  human 
implements,  and  the  works  of  human  hands,  in  close  juxta-position 
with  the  remains  of  extinct  Mammalia. 

Mr.  Christy's  exertions  were  chiefly  directed  to  the  examination, 
with  his  friend  M.  Lartet,  of  the  numerous  caves  which  are  to  be 

found  along  the  banks  of  the  Vezere  in  the  Department  of  the  Dor- 
dogne.     The  enormous  collection  of  materials  obtained  from  these 
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caves,  consisting  of  flint  instruments  of  an  entirely  different  character 
from  those  of  Amiens  and  Abbeville,  of  bones  of  Reindeer,  Bos,  and 

other  animals,  would  appear  incredible  to  those  who  had  not  wit- 
nessed the  actual  discovery  and  the  immense  stores  collected  on  the 

spot.  They  have  been  distributed,  with  the  greatest  liberality,  by 
Mr.  Christy  and  M.  Lartet  to  the  various  public  museums  and  pri- 

vate collections  in  Europe. 

In  the  spring  of  last  year  Mr.  Christy  proceeded,  with  other  Mem- 
bers of  the  Geological  Society,  to  visit  some  interesting  caves  of  the 

same  character  as  those  in  the  Dordogne,  which  had  been  recently 
discovered  in  Belgium,  near  Dinant  on  the  Meuse;  and  it  was 
whilst  proceeding  thence  to  Switzerland,  with  M.  and  Madame 
Lartet,  that  he  was  attacked  by  inflammation  of  the  lungs,  which 
carried  him  off  in  a  few  days.  He  died  on  the  4th  of  May,  at  La  Pa- 
lisse,  AUier,  at  the  age  of  54.  He  will  be  long  regretted  by  ail  who 
knew  him  for  his  social  qualities  no  less  than  for  his  scientific 
attainments. 

Sir  John  William  Lubbocz,  the  son  of  Sir  John  W.  Lubbock,  was 
born  on  the  26th  March,  1803.    He  was  educated  at  Eton  and  at  Tri- 

nity College,  Cambridge,  where  he  took  his  degree  in  1825.   He  was  a 
first-rate  mathematician,  and  for  many  years  was  devoted  to  the  pur- 

suit of  science,  particularly  that  of  astronomy,  in  connexion  with 
which  he  investigated  many  questions  respecting  the  action  of  the 
tides,  the  theory  of  the  moon  and  the  perturbation  of  the  planets,  and 
the  determination  of  the  distance  of  a  comet  from  the  earth,  and  the 
elements  of  its  orbit.     He  was  Treasurer  to  the  Eoyal  Society  from 
1830  to  1835,  and  again  from  1838  to  1845,  and  was  for  many  years 
Vice- Chancellor  of  the  University  of  London.     In  1834  the  Royal 

Society  awarded  him  one  of  their  Royal  Medals  for  his  paper  "  On  the 
Tides,"  and  in  1848  the  Astronomical  Society  gave  him  a  testimonial 
for  his  "  Researches  on  the  Theory  of  Perturbation."  In  1836  he  de- 

livered the  Bakerian  Lecture  "  On  the  Tides  at  the  Port  of  London." 
He  was  elected  a  Fellow  of  this  Society  in  1848.     He  contributed 
many  papers  on  scientific  subjects  to  most  of  the  learned  Societies  in 
England,  which  were  published  in  the  Philosophical  Transactions, 
the  Memoirs  of  the  Royal  Astronomical  Society,  the  Philosophical 

Magazine,  the  Transactions  of -the  Cambridge  Philosophical  Society, 
and  the  Reports  of  the  British  Association. 

In  addition  to  these  communications  he  published  several  import- 
ant works  on  astronomical  and  mathematical  subjects  between  the 

years  1830  and  1840,  including  '  A  Treatise  on  Probability  '  and  an 
^Elementary  Treatise  on  the  computation  of  Eclipses  and  Occultations,' 
in  1835  ;  '  Remarks  on  the  Classification  of  the  different  branches  of 

Human  Knowledge,'  in  1838  ;  an  *  Elementary  Treatise  on  the 
Tides,'  in  1839 ;  and  '  On  the  Heat  of  Yapour,'  and  on '  Astronomical 
Refraction,'  in  1840.  In  this  year  he  succeeded  to  the  Baronetcy 
on  the  death  of  his  father,  and  from  this  period  appears  to  have 
withdrawn  himself  somewhat  from  the  active  pursuit  of  scientific  in- 

vestigations.    That  they  were  not  altogether  given  up  is  proved  by 
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the  fact  that  he  became  a  Fellow  of  this  Society  in  1848,  in  which 
year  he  also  communicated  to  the  Society  an  interesting  paper 

"  On  change  of  Climate  resulting  from  a  change  in  the  Earth's  Axis 
of  Rotation. "  This  paper,  which  derives  additional  interest  from 
the  discussions  which  have  been  recently  carried  on,  was  fully  dis- 

cussed by  Sir  H.  Delabeche  in  his  Anniversary  Address  of  the 

same  year  *.  Sir  John  Lubbock  died  at  High  Elm,  Farnboro',  Kent, 
on  the  20th  of  June,  1865,  at  the  age  of  Q2. 

Mr.  Nicholas  "Wood  was  born  in  1795.  Having  from  an  early age  directed  his  attention  to  mining  engineering,  he  became  one  of 
the  most  distinguished  colliery-viewers  in  the  north  of  England. 
This  did  not  prevent  his  pursuing  many  branches  of  scientific  inves- 

tigation, amongst  the  most  important  of  which  was  the  encourage- 
ment he  gave  from  a  very  early  date  to  the  introduction  of  the  rail- 
way system.  He  it  was  who  first  wrote  upon  the  subject,  and 

showed  how  the  tramways  which  had  been  used  for  local  purposes 
might  be  made  available  for  more  general  travelling.  Under  his 
auspices  the  Stephensons  became  famous  and  the  locomotive  engine 
was  perfected,  and  he  will  ever  hold  high  rank  wherever  the  science 
of  the  nineteenth  century,  in  the  development  of  which  he  took  so 
great  a  share,  is  known. 

In  1831  he  read  before  the  Natural  History  Society  of  Newcastle- 

on-Tyne  a  paper  "  On  the  Geology  of  Northumberland  and  Cumber- 
land," illustrated  by  a  map  and  numerous  sections,  exhibiting  the 

true  coal-fields,  the  Millstone-grit,  and  Mountain-limestone  districts. 
He  also  pointed  out  the  effect  of  a  remarkable  dyke  in  dislocating 
or  throwing  down  a  portion  of  the  Newcastle  coal-field  so  as  to  ren- 

"der  it  available  for  mining  in  a  district  where,  in  the  ordinary  range 
of  the  strata,  no  coal  would  otherwise  have  been  found.  The  value 
of  these  illustrations  was  great  in  a  practical  point  of  view,  and  the 
merit  of  such  researches  was  enhanced  by  the  comparative  infancy 
of  the  science. 

In  1844  Mr.  Wood  proposed  at  a  meeting  at  Newcastle  the  regis- 
tration of  mining  operations,  the  importance  of  which,  in  a  geological 

no  less  than  a  commercial  point  of  view,  can  hardly  be  exaggerated. 
In  founding  the  Northern  Institute  of  Mining  Engineers  at  Newcastle 
in  September  1852,  Mr.  Wood  dehvered  an  address  which  comprises  a 
review  of  many  of  the  most  important  subjects  connected  with  prac- 

tical coal-winning.  He  was  eminently  practical  in  his  views,  and 
it  is  worthy  of  special  notice  that  in  this  address  he  placed  geology 
in  a  prominent  position.  He  said  that  the  study  of  Geology  and  all 
its  concomitant  branches  of  science — Mineralogy,  Chemistry,  Me- 

chanical Philosophy,  Pneumatics,  and  Mechanics — are  all  subjects 
which  might  usefully  and  profitably  occupy  the  time  and  attention 
of  all  the  members  of  the  Institution,  and  of  the  meetings  of  the 

Institution  collectively.  He  also  added  suggestions  for  the  collec- 
tion of  plans  and  records  as  a  means  of  cultivating  and  extending 

geological  science. 

*  See  Quart.  Jom'n.  Geol.  Soc.  vol.  v.  pp.  4  and  Ixxxiv. 
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In  N'ovember  1855  he  advocated  the  formation  of  a  mining  school, 
in  which  naturally  his  attention  was  chiefly  absorbed  by  the  local 
attractions  of  the  North  of  England  Coal-fields.  At  the  same  time  he 
recorded  his  due  acknowledgment  of  the  efforts  made  to  establish 
an  OfHce  of  Mining  Records  in  London,  which,  first  taken  up  by  Sir 
Henry  Delabeche,  and  subsequently  promoted  by  Sir  11.  Murchison, 
was  then  ripening  into  what  it  has  since  become — a  valuable  school 
of  mining  science. 

In  1855  he  gave  an  excellent  account  of  the  sinking  for  coal 
through  the  Magnesian  Limestone,  accompanied  by  detailed  sections. 
In  1863,  together  with  Mr.  Boyd,  he  prepared  a  geological  paper  on 
the  AYash  or  Drift  in  the  county  of  Durham,  tracing  the  denudation 
over  a  great  extent  of  country.  He  was  elected  a  Pellow  of  this 
Society  in  1843,  and  was  also  a  Fellow  of  the  Royal  Society.  He 
died  on  the  19th  December  1865,  in  his  71st  year. 

Mr.  LovELL  Reeve,  the  son  of  Mr.  Thomas  Reeve,  of  Ludgate 
Hill,  was  born  April  19,  1814.  After  distinguishing  himself  at 
school  by  his  proficiency  in  Greek  and  Latin,  he  was  at  the  age  of 
l3  bound  apprentice  to  a  grocer  on  Ludgate  Hill,  where  the  acci- 

dental arrival  of  a  sailor  with  a  handkerchief  of  shells,  of  which 
he  became  the  purchaser,  led  to  his  becoming  an  ardent  student  of 
natural  history.  Prom  this  small  beginning  his  collection  gradually 
increased,  and  in  this  he  was  assisted  and  encouraged  by  forming  an 
acquaintance  with  a  Mr.  Walker,  a  compositor,  also  a  zealous  con- 
chologist,  as  well  as  with  Dr.  Gray  of  the  British  Museum.  In 
1833  he  attended  the  third  meeting  of  the  British  Association  at 

Cambridge,  and  in  the  Natural-History  Section  he  was  appointed 
Conchologist  to  a  general  exploring- expedition  into  the  fens  between 
Cambridge  and  Ely. 

When  his  seven  years  of  apprenticeship  were  over  he  proceeded  to 
Paris,  where  he  made  his  first  contribution  to  the  literature  of  Con- 

chology,  in  the  form  of  a  paper  '•  On  the  Classification  of  the  Mol- 
lusca."  This  was  read  at  a  meeting  of  the  Academy  of  Sciences.  On 
his  return  to  London  he  devoted  himself  with  increased  earnest- 

ness to  his  favourite  study,  and  in  a  short  time  produced  his  '  Con- 
chologia  Systematica,'  in  two  4to  volumes,  illustrated  by  300 
plates  of  sheUs,  published  by  Messrs.  Longman  in  1840-41.  But 
the  cost  of  publishing  this  expensive  work  exhausted  his  funds,  even 

to  the  sacrifice  of  his  share  in  his  deceased  father's  property. 
About  this  time  the  fortunate  and  almost  accidental  purchase  of  a 

valuable  collection  of  shells  at  Rotterdam,  made  with  great  care  at 
the  Moluccas  by  the  Dutch  Governor,  General  von  Ryder,  enabled 
Mr.  Reeve  to  return  to  his  favourite  occupation.  By  these  and  other 
means  he  was  soon  enabled  to  undertake  the  publication  of  an  illus- 

trated work  on  the  species  of  shells,  entitled  'Conchologia  Iconica,' 
the  value  of  which  has  been  recognized  by  every  paleeontologist  who 
is  aware  of  the  importance  of  accurate  delineation  of  living  species 
for  the  purpose  of  comparison  with  specimens  of  extinct  forms.  It 
was  a  fortunate  moment  when  Mr.  Lovell  Reeve  undertook  this 
VOL.  XXII.  c 
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work.  Mr.  Hugh  Cuming  had  just  returned  home  from  his  long  ex- 
pedition round  the  world,  bringing  with  him  vast  stores  of  Mollusca 

collected  during  his  years  of  wandering ;  many  of  these  were  alto- 
gether new  to  science,  and  the  publication  of  them  was  looked  for- 

ward to  with  the  greatest  interest  both  by  palaeontologists  and  con- 
chologists.  This  great  work  has  been  continued  with  almost  unin- 

terrupted regularity  since  1843  down  to  the  present  time. 
In  1850  Mr  Lovell  Reeve  pubhshed  a  useful  elementary  work 

entitled  '  Elements  of  Conchology,  an  introduction  to  the  Natural 
History  of  Shells  and  of  the  Animals  Avhich  form  them.'  He  sub- 

sequently became,  on  his  removal  to  Henrietta  Street,  Covent  Garden, 
the  publisher  of  many  other  works  on  natural  history,  and  was 

afterwards  the  proprietor  of  the  '  Literary  Gazette/  which  he  edited 
with  great  ability  from  1850  to  1856.  He  became  a  Fellow  of  this 
Society  in  1853,  and  regularly  presented  to  our  Library  the  succes- 

sive Monographs  of  the  'Conchologia  Iconica.'  His  last,  and  by  some 
considered  his  best,  work,  on  the  '  Land  and  Freshwater  Mollusks  of 
the  British  Isles,'  was  published  in  1863.  It  contains  much  useful 
information  "  on  the  geographical  distribution  in  other  parts  of  the 
world  of  the  species  indigenous  to  this  country,  and  on  the  relation 
which  this  distribution  bears  to  climate,  soil,  and  other  local  circum- 

stances." He  was  a  man  of  a  most  amiable  disposition,  and  bore 
with  exemplary  patience  for  eighteen  months  the  acute  sufferings 
caused  by  a  most  painful  illness.  He  died  on  the  18th  of  November, 
1865. 

Dr.  S.  P.  "Woodward,  the  son  of  Mr.  Samuel  Woodward  of 
Norwich,  was  born  September  17th,  1821.  By  his  death  the 
Society  has  experienced  a  very  serious  loss.  His  sound  knowledge 
and  assistance,  both  as  a  naturalist  and  a  palaeontologist,  were  always 
at  the  service  of  the  Society  or  of  its  Fellows.  From  his  earliest 
infancy  his  constitution  was  weak  and  delicate,  and  he  showed  his  in- 
chnation  for  the  study  of  natural  history  by  beginning  to  form  a 
collection  of  insects  before  he  was  eight  years  old ;  and  when  he  had 

scarcely  attained  the  age  of  ten  years  he  assisted  in  publishing  an  ac- 
count of  the  TricJiiosoma  lueorum  in  Loudon's  '  Magazine  of  Natural 

History,'  with  an  engraving  of  the  insect  in  all  its  stages.  In  the 
following  year  he  began  the  study  of  land  and  freshwater  shells, 
and  commenced  the  formation  of  his  father's  collection.  To  these 
pursuits  he  soon  added  the  study  of  botany,  after  which  entomology 
was  given  up,  and  he  became  a  constant  and  zealous  cultivator  of 
botany  and  malacology,  which  were  never  relinquished. 

In  1838  he  came  to  London  to  complete  his  education  at  the 
London  University,  and  soon  obtained  an  appointment  in  the 
Library  of  the  British  Museum.  In  1839  he  succeeded  Mr.  Searles 
Wood,  whose  health  had  compelled  him  to  resign,  as  Sub-Curator  in 
the  museum  of  this  society,  under  Mr.  Lonsdale.  From  this  time 
he  added  palaeontology  to  his  other  studies,  and  laboured  assiduously 
in  the  arrangement  of  our  collections  and  the  improvement  of  the 
museum  until  1845,  when  he  was  appointed  Professor  of  Botany 
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and  Natural  History,  including  Greology,  at  the  Royal  Agricultural 
College  at  Cirencester. 

He  was  one  of  the  founders  of  the  Cotteswold  Naturalists'  Eield 
Club,  and  in  1848  was  appointed  First-class  Assistant  in  the  Depart- 

ment of  Geology  and  Mineralogy  in  the  British  Museum.  He  sub- 
sequently received  the  appointment  of  Examiner  for  the  Council  of 

Military  Education,  as  w^ell  as  Examiner  in  Geology  to  the  Uni- 
versity of  London.  He  was  a  constant  contributor  to  various 

scientifxC  and  literary  periodicals,  and  the  pages  of  our  own  journal 
contain  many  valuable  productions  from  his  pen.  In  1854  he 

communicated  to  this  society  a  highly  interesting  paper  "  On  the 
Structure  and  Affinities  of  the  Hippuritidae,"  in  which  many  of  the 
peculiar  characters  of  these  remarkable  fossils  were  for  the  first  time 
clearly  brought  together.  With  regard  to  the  fossils  to  which  they 
may  be  said  to  bear  the  closest  resemblance,  Mr.  Woodward  showed, 
while  repudiating  the  doctrine  of  transmutation,  that  it  might  be 
assumed  that  the  Cretaceous  Bippurites  are  connected  with  the 
Oolitic  Dicerata  and  Tertiary  CJiamoi.  vlfter  describing  the  struc- 

ture of  the  Hippurites  and  other  allied  genera,  of  which  numerous 
woodcuts  and  plates  of  engravings  serve  as  illustrations,  he  proceeds 
to  give  their  affinities.  He  points  out  the  successive  opinions  of  various 

palaeontologists,  from  Parkinson  and  others,  w^ho  considered  them 
as  Ortlioceratites,  to  the  time  when  Prof.  Quenstedt  placed  them  in  a 
more  natural  position,  between  the  Chamaceoe  and  the  Cardiadce, 
The  fact  of  their  being  bivalves  had  abeady  been  satisfactorily 
established. 

In  1856  he  gave  us  a  description  of  a  new  OrtJioceras  from  China, 
one  specimen  of  which  measured  29  inches  in  length.  They,  how- 

ever, occurred  only  as  longitudinal  sections  in  thin  plates  of  lime- 
stone, artificially  worked  down  for  some  artistic  or  domestic  purpose, 

and  brought  from  some  place  distant  200  miles  from  Shanghae. 
Enough,  however,  of  the  shell  remained  to  enable  Mr.  Woodward  to 
describe  its  structure  and  to  ascertain  the  series  of  changes  which  it 
had  undergone. 

In  i860  he  assisted  Capt.  Spratt  in  naming  the  recent  shells 
from  Bessarabia,  as  well  as  the  fossil  shells  from  the  lower  fresh- 

water deposits  of  Bessarabia,  lists  of  which  are  published  in  our 
journal  of  that  year. 

He  also  contributed  several  papers  to  the  '  Proceedings  of  the 
Zoological  Society,'  to  the  '  Intellectual  Observer,'  and  to  the 
'Annals  of  Natural  History.'  The  article  on  Yolcanos  in  the 
*  Encyclopaedia  Britannica'  was  written  by  him ;  and  for  many 
years  he  prepared  Reports  on  the  Proceedings  of  the  Geological  Sec- 

tion of  the  British  Association. 

But,  perhaps,  the  most  important  and  valuable  work  which  he 

contributed  to  science  is  the  '  Manual  of  Recent  and  Eossil  Shells,' 
published  1851  to  1856.  It  is  an  excellent  text-book,  and  full  of 
original  matter.  The  Supplement,  containing  a  detailed  account  of 
the  geographical  distribution  of  living  MoUusca,  as  well  as  of  the 
distribution  in  time  of  the  fossil  species,  is  deserving  of  the  highest 

c2 
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commendation.     He  also  assisted  Prof.  Owen  in  the  preparation  of 

that  portion  of  his  'Palaeontology'  which  comprises  the  Invertebrata. 
His  health  had  been  gradually  declining  for  the  last  few  years, 

and  he  died  at  Heme  Bay,  July  11th,  1865. 

Mr.  Geoege  Roberts  was  born  at  Kidderminster,  and  for  upwards 
of  five  years  held  the  office  of  Clerk  to  this  Society,  of  which  he 
became  a  Pellow  in  1864.  He  was  the  author  of  numerous  papers 
both  on  geological  and  other  interesting  subjects.  These  he  com- 

municated to  the  Geological  Society,  the  '  Geological  Magazine,'  and 
other  periodicals ;  many  of  them  showed  great  talent  and  boldness  in 
taking  up  original  views.  He  died  at  Kidderminster,  20th  December, 
1865. 

We  have  also  to  deplore  the  loss  of  other  Members  of  the  Society, 
amongst  whom  I  may  mention  the  names  of  Samuel  Cartwright, 
Col.  Sampson,  Thomas  Young,  J.  E.  Macdonnell,  F.  W.  Simms, 
W.  B.  Mitchell,  and  T.  Hutton. 

Amongst  the  Foreign  Members  whom  we  have  lost  I  must  men- 
tion the  name  of  Dr.  Christian  Pander,  who  was  born  at  Eiga 

on  the  ̂ Jth  July,  1794.  He  was  the  son  of  a  wealthy  banker. 
His  education  was  commenced  in  the  Gymnasium  of  his  native 
town.  In  1812  he  entered  the  University  of  Dorpat  to  study 
medicine,  but  left  in  1814,  in  order,  like  so  many  of  his  countrymen, 
to  complete  his  education  at  Berlin  and  Gottingen.  With  his  great 
love  for  natural  history  he  became  so  engrossed  in  the  study  of  the 
preliminary  sciences  that  he  never  reached  the  point  of  practical 
medicine.  He  devoted  himself  to  original  investigations,  and  esta- 

blished a  chemical  laboratory  in  his  own  house.  In  1816  he  went 
to  Wiirzburg,  and  there  began  his  remarkable  investigations  respect- 

ing the  development  of  the  chick  in  the  egg,  which  led  the  way 
to  a  long  series  of  microscopical  investigations  respecting  the 
general  course  of  the  development  of  animal  bodies.  Professors 

Dollinger  and  D'Alton  were  his  collaborateurs  in  this  great  woA.  On 
its  completion  he  undertook,  with  Prof.  D'Alton,  a  long  journey 
through  Prance,  Spain,  Holland,  and  England,  principally  with 
the  view  of  visiting  the  great  anatomical  museums  of  Europe,  but 
also  for  the  purpose  of  collecting  marine  animals  on  the  sea  coast. 
On  his  return  home  Pander  was  attached  as  naturalist  to  the  Em- 

bassy sent  to  Bokhara  in  1820  under  the  direction  of  Baron  Meyen- 
dorff.  In  1822  he  was  attached  to  the  Imperial  Academy  of 
Sciences  of  St.  Petersburg,  and  in  1823  he  became  a  regular 
member  of  it  in  the  zoological  branch.  While  employed  in  sys- 

tematically arranging  the  objects  of  the  zoological  collection,  he 
undertook  the  examination  of  the  geological  formations  in  the  neigh- 

bourhood of  St.  Petersburg,  as  well  as  their  fossil  remains.  He 

thus  became,  by  his  work  entitled  '  Contributions  to  the  Geognosy 
of  the  Russian  Empire'  (1831),  the  founder  of  our  knowledge  of 
those  formations,  now   called  Silurian,  to  which  Strangways  and 
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Eichwald  had  first  called  the  attention  of  geologists.  In  1827  he 
resigned  his  appointment  and  withdrew  to  his  paternal  property 
of  Zarnikau  in  Livonia.  But  even  here  he  could  not  resist  the 

attractions  of  natural  history.  The  sandy  soil  of  Livonia  contains 
numerous  remains  of  the  scales  and  teeth  of  animals  of  a  very  early 
period,  of  which  the  determination  was  most  difficult.  Pander  col- 
lected  great  quantities  of  these  teeth  and  other  fragments,  and  was 
the  first  to  recognize  that  they  must  have  belonged  to  lost  species  of 
cartilaginous  fishes.  But  the  difficulties  of  the  position  in  which  he 
was  placed,  in  a  district  where  the  pubhcation  of  his  plates  was 
almost  impossible,  and  where  his  only  object  was  the  satisfaction  of 
his  own  scientific  inclinations,  led  to  his  being  anticipated  by  Sir  E. 

Murchison  in  making  known  the  character  of  this  Devonian  forma- 
tion with  its  cartilaginous  fishes. 

In  1842  he  was  appointed  to  the  School  of  Mines  and  settled  in 
St.  Petersburg,  whence  he  carried  out  several  geological  ex- 

peditions in  Livonia,  Esthonia,  Central  Russia,  and  in  the  Ural,  the 
chief  object  of  which  was  to  study  the  palaeontological  character  of 
the  older  formations,  and  to  select  the  best  spots  for  establishing 
experimental  works  for  coal  after  fixing  the  geological  horizon 
of  the  coal-beds  of  Russia.  We  are  also  indebted  to  Pander  for 
the  important  and  practical  explanations  respecting  the  beds  and 

contents  of  the  Ural  coal-field.  He  died  on  the  f~^  September,  1865, 
after  long  suffering  from  a  painful  disorder.  He  will  be  long  re- 

gretted as  one  of  the  truest  of  friends  and  most  simple-minded  and 
unselfish  of  scientific  men.  Science  was  to  him  the  love  of  his  heart, 
and  he  never  could  be  induced  to  use  it  for  the  furtherance  or  im- 

provement of  his  own  position. 

Karl  von  Ratjmer  was  born  at  Worlitz,  near  Dessau,  on  the  9th 
April,  1783.  In  1797  he  attended  the  Joachimsthal  Gymnasium 
in  Berlin,  and  was  at  this  early  age  distinguished  for  his  love  of 
art  and  poetry  as  well  as  science.  In  1801  he  commenced  his 
academical  career  at  Gottingen,  where,  contrary  to  his  own  inclina- 

tions, he  devoted  himself  to  his  legal  studies.  At  the  same  time 

he  attended  Blumenbach's  lectures,  and  became  a  great  proficient  in 
music.  He  worked  and  read  hard,  and  his  education  was  at  this 
time  literary  rather  than  scientific.  In  1803  he  removed  to 
Halle.  Here  he  remained  a  year  longer  than  the  parental  pro- 

gramme had  originally  contemplated,  for  the  purpose  of  attending  the 
lectures  of  Prof.  Steffens.  This  first  awoke  his  love  for  natural 

history,  which  subsequently  became  the  ruling  passion  of  his  life. 

Deeply  interested  by  Steffens's  lectures  on  the  internal  history  of 
the  earth  (this  was  in  1805),  he  was  greatly  excited  by  the  grand 
idea  therein  developed,  that  the  earth  also  had  its  history.  He  now 
learnt,  for  the  first  time,  that  Werner  had  founded  his  history 
of  the  development  of  the  earth  on  his  observations  on  existing 

mountain  forms.  In  1805  he  went  to  Freiberg  to  attend  Werner's 
lectures,  where  the  great  naturalist  gradually  weaned  him  from  his 
philosophical  and  historical  inclinations  to  the  earnest  and  engros- 
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ing  study  of  mineralogy .  He  remained  atFreibe^-g  until  1808.  At 
this  period  of  his  life,  at  the  age  of  twenty-three,  he  is  described  as 
a  most  engaging  and  fascinating  person.  He  became  intimate  with 
Yarnhagen  and  Schleiermacher,  and  was  the  constant  companion  of 
Schubert  and  of  Engelhardt. 

The  battle  of  Jena  produced  a  great  eifect  on  his  outer  and 
inner  life.  Overwhelmed  by  the  sad  fate  of  his  country,  he  looked 
for  consolation,  first,  to  his  mineralogical  studies,  and  then  began 
his  geological  explorations  with  Engelhardt,  exploring  the  Erzge- 
birge  and  the  mountains  on  the  Ehine  between  Cologne  and  Stras- 

bourg, and  subsequently  the  formations  in  the  neighbourhood  of 
Paris.  Here  a  remarkable  change  took  place  in  his  ideas.  His 
hatred  towards  the  conquerors  of  his  country,  and  the  reading  of 
the  works  of  Pestalozzi  and  others,  engendered  the  idea  of  exerting 
himself  for  the  improvement  of  the  education  of  young  Germany, 
and  of  raising  a  more  fertile  produce  from  the  rotten  soil. 

After  another  visit  to  the  Syenitic  formation  of  the  Erzgebii^ge, 
he  proceeded  to  visit  Pestalozzi,  at  Yverdon,  and  became  a  teacher 
in  his  establishment.  But  here  a  sad  disappointment  awaited  him. 
Only  a  few  weeks  had  passed  away  before  he  was  undeceived  and 
became  aware  of  the  total  want  cf  method  in  the  system,  and  of  the 
germs  of  destruction  and  decay  which  it  contained ;  Pestalozzi  con- 

fessed it  himself,  and  in  May  1810  Eaumer  left  him  a  sadder  but 
a  wiser  man.  In  Niirnberg  he  again  met  Schubert,  who  encouraged 
him  to  publish  the  results  of  his  former  explorations  under  the  title 

of  '  Geognostical  Fragments.'  The  unexpected  success  of  this,  his 
first  publication,  led  to  his  being  appointed  Professor  of  Mineralogy 
at  Breslau,  in  1811,  and  councillor  of  the  mining  establishment 
there.  But  this  publication  also  bore  bitter  fruit,  and  led  to  a  tem- 

porary estrangement  between  him  and  his  beloved  teacher  Werner. 
He  had  proved  in  this  work  that  the  sequence  of  the  beds  of  the  older 
rocks  which  Werner  had  laid  down  was  by  no  means  of  universal 

application,  and  that  this  very  Erzgebirge,  which  Werner  had  con- 
sidered as  the  type  of  all  mountain -formations,  was  itself  a  remark- 

able exception.  He  was  himself  astonished  at  the  result,  but  the  fol- 
lowers of  Werner  were  indignant.    The  quarrel  was  made  up  in  1814. 

The  commencement  of  his  duties  in  Breslau,  notwithstanding  the 
fact  that  his  brother,  the  historian,  Erederic  v.  Eaumer,  was  one  of 
his  colleagues,  was  attended  with  great  difficulties,  for  want  of  a 
good  mineralogical  collection.  The  investigation  of  the  Silesian 
mountains,  in  1812,  was  a  more  agreeable  occupation,  and  in  1813 

he  published  his  work  '  On  the  Granite  of  the  Eiesengebirge.'  But 
the  spring  of  this  year  brought  another  change.  The  appeal  of 
the  king  to  arms  for  the  liberation  of  the  country  found  an  echo 
in  his  heart.  He  entered  the  Landwehr,  became  aide-de-camn  to 

General  Gneisenau,  took  part  in  the  battle  of  Leipzig  and '  other 
minor  engagements,  and  was  employed  on  many  important  and  con- 

fidential missions.  On  the  4th  of  May,  1814,  he  was  most  honour- 
ably dismissed  by  the  king,  and  a  few  days  afterwards  was  decorated 

with  the  Order  of  the  Iron  Cross. 
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He  returned  to  his  duties  at  Breslau,  where  he  spent  several  happy 
years,  until  the  unfortunate  events  of  1817  and  the  excesses  of 
some  of  the  Burschenschafts  again  caused  troubles  in  his  happy 
circle.  Raumer  had  ever  taken  a  Kvely  interest  in  the  develop- 

ment of  young  men,  and  had  encouraged  the  use  of  gymnastics,  or 
*'  Turnen ;"  and  as  some  of  the  excesses  of  the  times  were  con- 

nected with  the  gymnastic  societies,  Karl  v.  Haumer  was  most  un- 
justly looked  upon  with  suspicion  even  by  some  of  his  most  intimate 

friends. 

This  led  him  to  seek  another  appointment,  and  in  1819  he  was 
named  Professor  of  Mineralogy  at  the  University  of  Halle.  He  had 

now  completed  his  most  important  geological  work,  '  The  Mountains 
of  Lower  Silesia,  of  the  County  Glatz,  of  part  of  Bohemia  and  Ober- 

lausitz,  geologically  represented.'  The  merits  of  this  work  have  been 
fully  recognized  by  ail  subsequent  competent  observers.  He  remained 
at  Halle  until  1823,  but  even  here  his  position  was  not  altogether 
satisfactory.  This  was  the  period  of  the  reactionary  persecution  of 
the  so-called  demagogic  tendencies  of  the  students  of  the  German 
Universities.  Much  as  Raumer  had  encouraged  the  development  of 
youthful  energies,  no  one  was  more  opposed  than  he  was  to  their 
excesses  ;  and  it  grieved  him  to  see  what  was,  in  fact,  only  occasional 
excrescences  of  the  new  growth  looked  upon  as  the  main  object  of 
the  new  movement.  But  his  protection  of  the  students  was  of  no 
avail,  and  he  himself  was  looked  upon  with  suspicion  ;  this  deter- 

mined him  to  leave  Halle,  and  for  a  time  he  undertook  the  manage- 
ment of  a  private  school  at  Niirnberg.  Here  he  was  again  disap- 

pointed; circumstances  over  which  he  had  no  control  led  to  the 
breaking  up  of  the  institution  in  1826,  and  Raumer  again  found 

himself  without  a  post.  But  in  the  following  year  Schubert's  re- 
moval to  Munich  opened  the  way  to  his  appointment  at  the  Uni- 
versity of  Erlangen,  where  he  passed  a  happy  and  honourable  exist- 

ence for  the  remainder  of  his  life.  His  influence  over  the  students 

was  great,  and  amongst  his  colleagues  were  many  who  had  been  his 

pupils  in  former  years.  Here  he  published  his  '  Manual  of  Universal 

Geography '  ('  Lehrbuch  der  allgemeinen  Geographic '),  so  highly 
prized  by  Alexander  v.  Humboldt ;  his  '  Palaestina,'  no  less  highly 
spoken  of  by  Karl  Ritter ;  and  his  '  History  of  Psedagogik  (or  science 
of  education)  from  the  restoration  of  Classical  Studies,'  a  work  of 
universal  estimation.  His  principal  duties  at  Erlangen  were  to 
lecture  on  natural  history  and  mineralogy,  for  the  latter  of  which 
he  formed  an  excellent  collection.  He  retained  his  faculties,  both  of 
body  and  mind,  almost  to  the  last  moment  of  his  life,  and  died  on 
the  2nd  of  June,  1865,  beloved  and  regretted  by  all  who  knew  him. 

Having  as  yet  failed  in  obtaining  any  obituary  notice  respecting 
the  other  Foreign  Members  whom  we  have  lost,  I  can  here  only 
mention  their  names  : — Charles  v.  Oeynhausen  of  Westphalia,  who 
will  be  well  remembered  by  many  of  our  older  geologists  as  having 
visited  this  country  upwards  of  thirty-five  years  ago,  when  he  explored 
the  highlands  of  Scotland  and  the  Isle  of  Sky  under  the  guidance  of 
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Prof.  Sedgwick  and  Sir  Eoderick  Murchison  ;  Dr.  Porchhammer  of 
Copenhagen,  born  at  Ilusum  in  1794  (he  was  President  of  the 
Polytechnicum  in  Copenhagen,  and  died  on  the  14thDeeember,1863); 
and  Dr.  Oppel  of  Munich,  who  was  elected  a  Foreign  Correspondent 
only  two  years  ago  :  he  was  a  Member  of  the  Academy  of  Sciences, 
and  Conservator  of  the  Palseontological  Museum  of  Munich ;  he  died 
on  the  23rd  of  December,  1865. 

I  shall  now  proceed  to  lay  before  j'ou  some  account  of  the  progress 
of  our  science  during  the  past  year,  and  of  the  principal  works  which 
have  been  published  at  home  and  abroad  bearing  in  any  way  upon 
the  advance  of  geological  knowledge.  But  here,  at  the  very  outset 
of  my  task,  I  find  it  necessary  to  claim  your  indulgence.  Were  I  to 
allude,  however  briefly,  to  every  work  and  every  memoir  to  be  found 
in  the  many  scientific  publications  of  Europe  and  America,  every  one 
of  which  contains  new  and  interesting  matter,  you  would  only  have 
to  listen  to  a  dry  and  uninteresting  catalogue.  I  have  therefore  been 
compelled  to  make  a  selection  of  such  as  appeared  to  me  most  inter- 

esting or  important ;  and  here  it  is  that  I  must  claim  your  indul- 
gence, if  I  have  failed  in  the  due  appreciation  of  their  relative 

merits.  I  cannot  but  fear  that  I  may  have  overlooked  many  works 
of  great  value,  while  I  may  possibly  have  given  undue  attention  to 
others  less  deserving  of  such  notice.  I  will  only  add  that  I  have  en- 

deavoured, as  far  as  possible,  to  arrange  the  different  notices  accord- 
ing to  geological  chronology,  beginning  Avith  the  oldest  formations. 

I  must,  however,  preface  my  remarks  with  an  account  of  some  of 
the  Geological  Surveys  which  have  been  carried  on  in  different  parts 
of  the  world. 

Geological  Survey  of  the  United  Kingdom. 

I  learn  from  Sir  Eoderick  Murchison  that,  with  respect  to 
England,  the  progress  made  by  the  Geological  Survey  under  Prof. 
Eamsay  chiefly  relates  to  the  south-eastern  and  northern  counties, 
483  square  miles  having  been  surveyed  in  the  former,  and  510  in  the 
latter.  In  Scotland  332  square  miles  have  been  siuweyed;  for  the  most 
part  in  the  Carboniferous  strata,  and  in  that  highly  metamorphosed 
and  difiicult  ground  occupied  by  Old  Eed  Sandstone  and  Silurian, 
south  of  Ayr  and  DalmeUington.  These  areas,  with  tracts  of  minor 
extent  in  detached  parts  of  England,  make  a  total  of  1500  square 
miles  for  Great  Britain. 

The  publication  of  the  maps  relating  to  the  geology  of  England 
has  necessarily  been,  delayed  by  the  insertion  in  the  old  copper-plates 
of  the  lines  of  railroad  and  other  additions,  which  the  public  have 
called  for.  The  sanction  of  the  Treasury  having  at  length  been 
obtained,  Sir  Henry  James  is  now  occupied  in  improving  the  topo- 

graphy of  the  electrotype-plates  for  the  Geological  Survey,  and  in- 
serting thereon  the  lines  of  all  railways  and  the  degrees  of  latitude 

and  longitude. 
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In  Ireland,  Mr.  Jukes  reports  that  1037  square  miles  have  been 
surveyed,  and  that  four  new  sheets  have  been  issued,  making  the 
total  number  that  have  been  published  102. 

On  what  may  be  viewed  as  an  important  new  feature  in  classifica- 
tion, it  will  interest  geologists  to  know  that,  in  considerable  tracts, 

extending  over  large  parts  of  Somersetshire  and  Gloucestershire,  the 
lihsetic  or  Penarth  beds  are  being  elaborately  laid  down  by  Mr. 
Bristow  ;  whilst,  as  is  well  known  to  the  Society,  Mr.  Dawkins  and 
Mr.  Etheridge  have  completed  sections  which  accurately  define  the 
contents  and  succession  of  the  fossil  remains  in  this  peculiar  deposit. 

Amongst  the  memoirs  published  by  the  Geological  Survey,  none 

perhaps  will  be  found  more  useful  than  the  '  Catalogue  of  the  Collec- 
tion of  fossils  in  the  Museum  of  Practical  Geology,'  by  Professor  Hux- 
ley and  Mr.  Etheridge,  published  during  the  past  year,  with  an 

explanatory  introduction  by  Prof.  Huxley.  I  would  gladly  have 
given  some  account  of  this  most  interesting  preface,  containing  a 
clear  exposition  of  some  principles  of  natural  history,  as  well  as  the 
application  of  natural  history  to  the  study  and  elucidation  of  fossils, 
or  palaeontology ;  but  to  do  justice  to  such  a  subject  it  would  be 
necessary  to  quote  almost  every  line  of  every  page.  Such  a  proceed- 

ing would  be  impossible ;  it  would  also,  I  trust,  be  unnecessary,  for 
the  book  itself  must  find  its  way  into  the  hands  of  every  British 
geologist  at  least.  I  must  therefore  content  myself  with  recom- 

mending it  to  your  special  notice,  not  only  on  account  of  the  matter 
it  contains,  but  for  its  close  and  logical  reasoning,  and  the  pleasing 
style  in  which  it  is  written. 

Geological  Survey  of  Canada. 

As  the  Geological  Survey  of  Canada  progresses,  under  the  direction 

of  Sir  "W.  E.  Logan,  the  exertions  of  the  surveyors  have  been  re- warded by  the  discovery  of  many  new  forms  of  animal  life.  These 
have  been  described  and  published  from  time  to  time  by  Mr. 
Billings,  the  palaeontologist  to  the  Survey.  The  volume  for  1865, 
now  before  me,  contains  amongst  other  matter  several  articles  on  the 
discovery  of  these  fossils,  viz.  new  species  of  fossils  from  the  lime- 

stones of  the  Quebec  group,  from  Point  Levis  and  other  localities  in 
Canada  East.  Amongst  the  new  fossils  here  described  is  a  new 
Orthis,  a  new  genus  called  €lisosj)ira,  Ophileta  2  species,  Mur- 
chisonia  3  sp,,  Pleurotomaria  1  sp.,  Cyrtoceras  4  sp.,  Dikelocephalus 
7  sp.,  Olenus  1  sp.,  Bathyurus  3  sp.,  and  Cheirurus  1  sp.  The  next 
article  is  on  new  species  of  fossils  from  the  Quebec  group  in  the 
northern  part  of  Newfoundland.  The  north-western  coast  of  New- 

foundland, from  Cape  Norman  to  Bonne  Bay,  on  the  Gulf  of  the  St. 
Lawrence,  a  distance  of  about  180  miles,  is  composed  altogether  of 
Lower  Silurian  limestones,  slates,  quartzites,  and  sandstones.  The 
width  of  this  belt  of  Silurian  rocks  is  from  five  to  ten  miles.  The 
fossils  show  that  these  rocks  belong  to  the  Potsdam  and  Quebec 
groups,  the  former  having  a  thickness  of  about  2000  feet,  while  the 
Quebec  group  is  about  6600  feet  in  thickness. 

The  author  gives  a  table  of  the  different  members  of  this  series  of 
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rocks  abridged  from  tlie  measured  sections  published  in  the  '  Geology 

of  Canada.'  Amongst  the  principal  fossils  here  described,  beginning 
with  the  Protozoa,  are  Calathium,  a  new  genus,  4  sp.,  Trachijum 
2  sp.,  Stomatopora  2  sp.,  fragments  of  Crinoidea,  Stenaster  Huxleyi, 
Linyula  3  sp.,  Acrotreta  1  sp.,  Orthis  3  sp.,  with  portions  of  others, 
Strophomena  2  sp.,  Camarella  3  sp.,  Rhi/nohondla  1  sp.,  Euchasma 
1  sp.,  Eopterla  1  sp.,  Ctenodonta  1  sp.  Amongst  the  Gasteropoda 
are  Holopea  1  s^.,  Straparollina  1  sp.,  Subulites  1  sp.,  Pleurotomaria 
12  sp.,  Murchisonia  9  sp.,  Maclurea  11  sp.,  and  opcrcula  of  three  more, 

Ophileta  2  sp.,  Helicotoma  4  sp.,  Eccidiomphcdus  3  sp.,  Metoptoma 
1  sp.  Of  Cephalopoda,  Orthoceras  8  sp.,  Piloceras  3  sp.  Of  Nautilus 
4  new  species  are  provisionally  named.  Amongst  the  new  species  of 
Crustacea  are  Baihyiirus  4  sp.,  Bathyurellus  6  sp.,  Dolichometopus 

2  sp.,  Asaplius  3  sp.,-  N'deus  3  sp.,  Illcenus  5  sp.,  Harpides  2  sp., 
LicAas  1  sp.,  Sliumardia  1,  Oheirurus  6  sp.,  Amphion  3  sp.,  Triar- 
thrus  1,  Teleplius  1,  Encrinurus  (2)  1,  Remophurides  2,  Ampyx  4, 
Agnostus  2.     Entomostraca :  Leperditia  3,  Beyricliia  1. 

The  next  article  or  memoir  contains  a  description  of  new  fossils  from 

the  Quebec  group  in  Eastern  Canada,  with  some  others  previously  de- 
scribed, and  some  from  other  formations.  IVIost  of  these  species  were  dis- 

covered  after  the  former  memoir,  describing  the  new  fossils  from  Point 

Levis,  &c.  had  been  printed.  The  new  species  are — Limjida  1,  Orthis 
4,  Camarella  3,  Eopteria  2,  Murchisonia  1,  Metoptoma  1,  Helicotoma 
1,  Ophileta  l,Bellerophon  1,  Orthoceras  10,  Cyrtoceras  l,Asaphus2, 
Bathyurellus  3,  Amphion  2,  Oheirurus  4,  Remophurides  \,Harpes  1, 
Illcenus  4,  Harpides  1,  Calathium  1.  Other  species  still  remain  to 

be  described  ;  but  even  the  list  which  I  have  given  above  will  suf- 
fice to  show  how  rich  a  mine  of  Silurian  forms  still  remains  to  be 

worked  out  in  these  old  formations,  and  how  far  we  still  are  from  a 

complete  knowledge  of  their  fossils. 
Another  interesting  work  which  has  reached  us  from  the  other 

side  of  the  Atlantic  is  '  A  Preliminary  Eeport  on  the  Geology  of 
New  Brunswick,  together  with  a  Special  Heport  on  the  distribution 

of  the  Uuebec  Group  in  that  Province,'  by  Henry  Youle  Hind,  for- 
merly Professor  of  Chemistry  and  Geology  in  the  University  of 

Trinity  College,  Toronto.  After  giving  in  the  introductory  chapter 
a  detailed  statement  of  all  that  had  been  hitherto  published  by  other 

geological  explorers  in  the  province,  Mr.  Youle  Hind  briefly  states 

the  result  of  the  last  season's  work. 
1.  He  describes  the  approximate  breadth  of  the  Quebec  group, 

the  great  metalliferous  formation  of  JS'orth  America,  in  various localities. 

2.  Having  paid  particular  attention  to  the  circumstances  under 
which  the  Albertite  in  Albert  County  has  originated,  he  has  come  to 
the  conclusion  that  it  is  an  inspissated  petroleum,  and  that  it  has 

originated  from  underlying  Devonian  rocks,  probably  of  the  same  age 
as  those  yielding  the  vast  stores  of  petroleum  in  Canada  and  the 
United  States. 

3.  The  ascertained  existence  of  the  true  Coal-measures  within  the 

limits  of  the  province  is  very  important. 
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4.  The  view  formerly  entertained  respecting  the  granite  belt 
passing  through  the  province  must  be  greatly  modified.  Instead  of 
one  broad  belt  it  consists  of  a  series  of  very  narrow  belts,  with  in- 

tervening schists  and  metalliferous  slates.  This  granite  is  of 
Devonian  age,  and  it  is  probably  not  an  intrusive  rock,  but  consists 
of  highly  altered  sedimentary  strata.  The  same  remark  applies  to 

much  of  the  granite  in  Charlotte,  King's,  and  Saint  John  counties, 
which  are  also  probably  metamorphosed  sedimentary  rocks. 
These  views,  with  others  of  great  interest,  are  more  fally  detailed  in 

the  work  itself,  the  first  chapter  of  which  describes  the  leading  geo- 
graphical features  of  the  province,  while  the  second  contains  a  geo- 

logical sketch  of  the  same  region.  The  sedimentary  rocks  of  New 
Brunswick  belong  to  the  following  great  divisions  : — 1,  Eecent  and 
Post-pliocene  ;  then  a  great  break  to  2,  Triassic  (?) ;  3,  Carboniferous  ; 
4,  Devonian  ;  5,  Upper  Silurian ;  6,  Middle  Silurian  ;  7,  Lower  Si- 

lurian. All  the  beds  below  the  Carboniferous  have  been  very  much 
disturbed.  This  chapter  also  contains  some  interesting  observations 
respecting  the  origin  of  granite  and  the  different  characters  of  the 
granite  belts  traversing  the  province,  many  of  which,  while  admit- 

ting the  intrusive  character  of  others,  the  author  supposes  to  be  me- 
tamorphosed or  altered  sedimentary  strata  belonging  to  the  Quebec 

group.  Mr.  Hind  says,  p.  50,  "  They  have  probably  been  altered 
in  position,  and  belong  to  the  class  named  by  Professor  Hunt  '  Indi- 

genous rocks  ; '  and  there  are  valid  reasons  for  supposing  that  much 
of  the  grauite  of  New  Brunswick  consists  of  altered  sedimentary 
strata,  changed  by  metamorphism  into  plastic  felspathic  sandstones 
and  granitoid  gneiss,  then,  by  a  further  metamorphism,  partly  into 
plastic  granite  and  in  part  retaining  traces  of  the  stages  of  their  me- 

tamorphism." He  also  shows,  by  the  presence  of  graphite,  that  the 
metamorphism  of  many  sedimentary  rocks  was  not  accomj)anied  by 
a  great  elevation  of  temperature,  and  he  concludes  these  observations 

by  this  statement : — "  The  opinions  which  necessarily  associate  high 
temperature  with  the  occurrence  of  crystalline  rocks,  or  of  rocks 

which  have  undergone  metamorphic  action,  are  no  longer  tenable." 
However  novel  these  views  may  appear  to  many  geologists,  I  cannot 
refrain  from  saying  that  I  believe  they  will  ultimately  prove  to  be 
correct^.  I  have  long  entertained  an  opinion  that  the  early  plastic 
state  Qf^^^G  earth  was  due  to  aqueous  rather  than  to  igneous  causes. 

It  i&".a"  question  well  deserving  consideration,  and  which,  I  hope, 
will  soon  be  taken  up  by  some  one  whose  chemical  and  physical 
knowledge  will  enable  him  to  do  justice  to  such  an  important 
question. 

The  two  following  chapters  are  devoted  to  the  consideration  of  the 
Carboniferous  series.  The  following  details  will  afford  some  idea  of 
the  Coal-fields  of  the  eastern  provinces  of  British  North  America : — 

1.  Upper  Coal  series,  unproductive         3300  feet. 
2.  Middle  Coal  series,  productive     4000    „ 
3.  Lower  Carboniferous  or  Gypsiferous  series .  .    6000    „ 

The  base  consists  of  red  sandstone  interstratified  with  beds  of  a  coarse 
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calcareous  conglomerate,  reposing  in  many  places,  nearly  horizontally, 
on  granite  of  Devonian  age.  Chapter  Y.  is  devoted  to  the  con- 

sideration of  Albertite  and  the  Albert  shales.  This  remarkable 

mineral,  respecting  the  nature  of  which  such  different  opinions  were 
entertained  some  time  ago,  is  now  shown  to  be  an  inspissated  petro- 

leum, occupying  fissures  in  the  Lower  Carboniferous  rocks  along  the 
antichnal  axes,  and  injected  from  below  at  two  distinct  periods  under 
considerable  pressure.  The  author  concludes  by  showing  that  its 
source  lies  beneath  the  Albert  shales — in  other  words,  beneath  the 
Lower  Carboniferous  series — and  that  it  is  consequently  of  Devonian 
or  prior  origin,  and  probably  proceeds  from  rocks  of  the  same  age 
as  those  which  yield  the  petroleum  of  Pennsylvania,  Ohio,  and 
Canada. 

The  sixth  chapter  describes  the  rocks  of  the  Devonian  series,  with 
a  full  account  of  its  vast  mineral  wealth,  consisting  of  iron -ores, 
copper,  and  argentiferous  galena.  These  rocks  are  traversed  by 
many  intrusive  trap-dykes,  having  a  general  course  from  east  to  west. 
Some  of  these  traps  are  copper-bearing.  The  seventh  chapter  con- 

tains an  account  of  the  Upper  and  Middle  Silurian  series,  while  the 
eighth  describes  the  Lower  Silurian  series,  of  which  the  Quebec  group 

is  the  most  important.  Of  this  the  author  says : — "  Not  only  is  the 
Quebec  group  the  great  metalliferous  formation  of  North  America, 
but  its  remarkable  thickness  (7000  feet)  and  complexity,  coupled 
with  the  extraordinary  manner  in  which  it  was  deposited  and  brought 
to  the  surface,  all  unite  to  make  it  one  of  the  most  interesting  and 
important  formations  of  the  entire  geological  series,  with  perhaps  the 
single  exception  of  the  Coal-measures.  Not  only  does  it  comjDrise  a 
great  variety  of  useful  rocks,  but  it  contains  in  remunerative  quan- 

tities iron,  copper,  nickel,  cobalt,  antimony,  lead,  zinc,  chromium, 

arsenic,  titanium,  silver,  and  gold."  There  are  some  interesting  re- 
marks respecting  the  chemical  origin  of  the  metals  of  the  Quebec 

group,  taken  from  Professor  Hunt's  work  '  On  some  points  of 
American  Geology,'  in  which  it  is  suggested  that  they  were  originally 
brought  to  the  surface  in  watery  solutions,  from  which  they  were  se- 

parated by  the  reducing  agency  of  organic  matter  in  the  form  of  sul- 
phurets,  or  in  the  native  state,  and  mingled  with  the  contemporaneous 
sediment  in  various  forms.  The  intervention  of  intense  heat,  subli- 

mation, and  similar  hypotheses,  to  explain  the  origin  of  metalhc  ores 
is  considered  to  be  uncalled  for,  and  reference  is  made  to  the  beau- 

tiful experiments  of  De  Senarmont  and  Daubree.  The  different  de- 
velopments and  contents  of  the  Quebec  group  are  more  fully  described 

in  the  ninth  chapter.  In  the  following  chapter  much  information 
will  be  found  respecting  the  effects  of  glacial  action  in  modifying  the 
surface  of  the  country,  in  many  parts  of  which  boulders  of  great  size 
and  in  considerable  quantities  are  found.  The  rocks,  too,  are  every- 

where scratched,  striated,  and  polished.  In  accounting  for  these 
phenomena,  Mr.  Hind  gives  the  preference  to  the  theory  of  a  glacial 
covering  rather  than  to  the  iceberg  theory.  A  comparatively  slight 
elevation  of  the  country,  rising  gradually  to  the  north,  would  account 
for  all  these  phenomena  by  the  theory  of  a  glacial  covering  more 
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satisfactorily  than  ttie  depression  necessary  to  explain  them  under 
the  iceberg  theory.  In  the  latter  case  a  depression  of  5000  feet 
would  be  required,  whereas  there  is  no  evidence  of  any  greater  de- 

pression than  about  600  feet  having  taken  place.  The  direction  of 
the  moving  mass  of  ice  appears,  on  the  evidence  of  the  strice  observed 
in  New  Brunswick,  to  have  been  nearly  north  and  south ;  but  as 
these  strice  can  only  show  us  the  last  record  of  the  moving  mass, 
there  is  no  reason  for  supposing  that  its  direction  may  not  have 
varied  under  different  conditions  at  former  periods. 

Geological  Survey  of  India. 

Under  the  able  superintendence  of  Professor  Oldham,  the  Geo- 
logical Survey  of  India  has  .been  prosecuted  with  as  much  ardour 

and  zeal  as  was  compatible  with  the  difficulties  of  the  country  and 
the  limited  means  at  his  disposal ;  this  latter  difficulty  was,  how- 

ever, reduced  by  an  increased  rate  of  allowance  for  travelling  expenses 
having  been  subsequently  accorded  by  the  Viceroy.  Other  difficulties 
were  also  caused  by  several  members  of  the  staff  being  detached  for 
special  service. 

Amongst  the  more  interesting  results  of  the  past  season,  as  appears 

from  the  'Annual  Report,'  is  the  discovery,  by  Mr.Medlicott  in  Assam, 
that,  to  the  south  of  the  River  Brahma-poutra,  there  are  widely-spread 
and  highly  valuable  beds  of  Coal,  of  most  excellent  quality,  superior  to 
any  other  known  Indian  coals,  which  offer  promise  of  yielding  a  plenti- 

ful supply  of  good  fuel.  In  Central  India,  Mr.  Mallet  has  carried 
out  a  careful  revision  of  the  boundaries  of  the  Vindhyan  rocks  to  the 
north  of  the  Nerbudda  valley,  and  has  extended  his  survey  to  the 
western  extremity  of  the  same  valley.  Mr.  Hackett  has  completed 
the  geological  examination  of  the  country  included  in  the  first  sheet 
of  the  Gwalior  map.  Mr.  Mallett  and  Dr.  Stoliczka  have  been  em- 

ployed in  working  out  the  structure  of  the  higher  Himalayan  regions. 
The  fossils  from  Spiti  and  Rupshu  had  been  long  known,  but  much 
confusion  and  u.ncertainty  existed  respecting  the  exact  localities 
from  which  they  were  obtained  ;  these  have  now  been  worked  out 
on  the  spot,  and  the  results  will  soon  be  published.  It  is,  however, 
already  known  that  undoubted  representatives  of  acknowledged  Euro- 

pean series — the  Silurian,  Carboniferous,  Triassic,  Rhsetic,  Lower  and 
Middle  Lias,  Jurassic  (probably  of  three  distinct  periods),  and  Creta- 

ceous— have  been  proved  to  occur  in  these  mountain  heights.  The 
fossils  have  been  carefully  examined,  and  the  200  varieties  or  so- 
called  species  have  been  reduced  to  164.  Amongst  the  Cephalopoda 
alone  no  less  than  24  out  of  54  supposed  species  must  be  suppressed, 
ha^dng  been  already  described  under  different  names.  In  Bombay 
the  progress  of  the  Survey  has  been  delayed  by  various  causes,  but 
much  good  work  has  also  been  done  there.  The  Survey  of  the 
Nerbudda  vallej^  has  been  completed,  as  well  as  of  a  large  tract  of 
country  south  of  that  river.  The  prevailing  surface-rock  of  the 
district,  except  the  alluvial  deposits,  is,  as  in  the  Deccan  area,  trap  ; 
the  basement  or  bottom  rocks  are  chiefly  granitic  or  gneissic.   Between 
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these  two  formations  the  principal  beds  are  sandstones  and  limestones 
of  Cretaceous  age  ;  and  to  this  series  probably  belongs  the  great 
Mahadeva  group  of  the  Puch-murri  Hills. 

In  Madras  the  examination  of  the  quartzites  of  the  Cudapah  and 
Kurnool  districts  has  been  satisfactorily  continued  by  Messrs.  King 
and  Foote. 

The  regular  issue,  at  the  stated  intervals  of  three  months,  of  the 

successive  parts  of  the  '  Palseontologia  Indica'  has  been  steadily  main- 
tained during  the  past  year.  The  four  parts  issued  have  been  in 

continuation  of  the  description  of  the  splendid  series  of  fossil  Cepha- 
lopoda from  the  Cretaceous  rocks  of  Southern  India.  No  less  than 

148  species  have  been  described  in  this  series,  thus  distributed  : 

Belernnites  3  species,  Nautili  22,  Ammonites  93,  Scajjhites  3,  Aniso- 
ceras  11,  Helicoceras  1,  Turrilites  6,  Hamites  2,  Hamulina  1,  Ptycho- 
ceras  3,  and  Baculites  3 — a  most  remarkable  fauna  from  a  single 
district.  Of  these,  38  are  identical  with  species  known  in  Europe 
and  elsewhere,  and  of  these  38  species  not  less  tlian  32  belong  to  the 
Middle  C:etaceous  series  of  Europe. 

Amongst  the  memoirs  of  the  Geological  Survey  of  India  I  wiR 
only  further  allude  to  the  geological  sections  across  the  Himalayan 
Mountains  from  Wangtu  Bridge  on  the  Eiver  Sutlej  to  Sungdo  on 
the  Indus,  with  an  account  of  the  formations  in  Spiti,  accompanied  by 
a  revision  of  all  known  fossils  from  that  district,  by  Dr.  Ferdinand 
Stoliczka. 

I  must  also  notice,  however  briefly,  an  account  by  Professor 
Huxley  of  vertebrate  fossils  from  the  Panchet  rocks  near  Ranigunj, 

in  Bengal,  also  published  in  the  '  Palaeontologia  Indica  ;  '  they  con- 
sist of  numerous  fragmentary  and  sometimes  rolled  bones,  the  ma- 

jority of  which  are  vertebrae.  There  are,  however,  some  teeth, 
small  portions  of  crania,  Vvith  fragments  of  detached  lower  jaws. 

They  are  of  very  great  interest,  as  being  the  first  remains  of  Yerte- 
brata  yet  discovered  in  the  great  group  of  rocks  associated  with  the 
coal-bearing  formations  of  Bengal.  They  were  discovered  by  Messrs. 
Blanford  andTween  in  a  stratum  of  conglomerate-sandstone  exposed 
in  the  Damuda  river  near  Deoli,  fifteen  miles  west  of  Eanigunj.  They 
appear  to  have  been  probably  terrestrial,  certainly  not  marine  ;  and 
Professor  Huxley  is  disposed  to  consider  them  as  either  of  Triassic 
age  or  as  belonging  to  that  fauna  which  will  some  day  be  discovered 
as  filling  up  the  apparent  break  between  the  Palaeozoic  and  Mesozoic 
forms  of  life — an  opinion  which  coincides  with  that  already  expressed 
by  Dr.  Oldham  and  Mr.  Blanford. 

And  while  on  the  subject  of  Indian  geology,  I  may  here  allude 
to  an  account  of  the  Palaeozoic  and  Secondary  fossils  collected  by 
Col.  Richard  Strachey  in  the  Northern  Himalaya,  recently  published 
by  Messrs.  Salter  and  Blanford.  They  are  chiefly  derived  from  Niti 
and  its  neighbouring  passes.  A  large  proportion  of  the  Silurian 
fossils  are  from  Guneejunga  in  the  Chorhoti  Pass,  at  an  elevation 
of  17,000  to  17,500  feet  above  the  sea.  The  existence  of  these 
fossils  was  first  made  public  by  Col.  Strachey  in  a  paper  read  before 
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the  Geological  Society  in  1851  *,  in  which  the  physical  features  of  the 
mountain  district  are  fully  described,  and  the  generic  characters  of 
the  fossils  are  indicated  by  Mr.  Salter.  In  the  work  now  under 

consideration  Mr.  Salter  says,  "  With  regard  to  the  Palaeozoic  rocks 
of  India  so  little  was  known  at  the  time  of  Col.  Strachey's  researches 
that  to  have  secured  a  fossiliferous  base  was  a  great  stride  in  the 
geology  of  India.  The  list  of  genera  furnished  by  myself  to  the 
paper  above  quoted  sufficiently  indicated  the  presence  of  a  Lower 
Silurian  group,  which,  while  its  fossils  agreed  in  general  character 
with  those  of  Europe,  was  quite  distinct  in  species.  This  fact  sup- 

plies another  proof  of  the  existence,  at  this  early  period,  of  marine 
natural-history  provinces  like  those  of  the  present  day.  The  sub- 

division of  the  old  ocean-fauna,  easily  recognizable  over  many  areas 
of  Silurian  rocks,  becomes  less  conspicuous  in  the  Devonian,  es- 

pecially in  the  upper  part,  and  had  become  nearly  obliterated  in  Car- 
boniferous times." 

Mr.  Salter  observes  that  the  Silurian  species  are  all  new.  Of 

Trilobites  there  are  eight  species,  all  except  one  belonging  to  well- 
known  European  genera,  the  forms  resembling  those  in  our  own 
slate  rocks  ;  they  represent  seven  genera,  one  of  which,  Prosopiscus, 
is  new  ;  Tentaculites  and  Serpulites  also  occur.  The  Cephalopoda 
are  but  few,  yet  their  general  characters  remind  us  of  those  of 
other  Silurian  regions.  Eight  species  are  described,  belonging  to 
six  genera :  Nautilus  (?),  Ct^rtoceras,  Lituites,  Orthoceras,  Theca,  and 
Bellerophon ;  they  are  almost  all  from  the  Chorhoti  Pass.  The 
Gasteropoda  comprise  ten  species,  representing  six  genera,  and  are 
also  chiefly  from  the  same  pass.  The  Lameliibranchiata  are  but  few, 
and  represent  three  or  four  species  of  the  genus  Ctenodonta.  The 
Brachiopoda  are  here  also,  as  Mr.  Salter  observes,  the  most  abun- 

dant shells  of  the  Silurian  deposit ;  under  generic  forms  familiar 
to  every  student  of  the  older  rocks,  and  (although  identical  with 
none  of  them)  representing  even  the  common  species  of  Wales  and 
Shropshire,  they  stamp  the  formation  as  accurately  as  if  we  could 
trace  the  connexion  of  the  beds  themselves.  This  coincidence  of 

numerous  genera,  and,  so  far  as  we  know,  of  specific  groups  peculiar 
to  the  Lower  Silurian,  is  very  remarkable  and  satisfactory  when 
such  remote  districts  are  compared.  Twenty-six  species  are  here 
described,  belonging  to  the  following  genera  :  Linc/ula  2,  Lepicena 

5,  Stropliomena  -9,  Orthis  6,  with  several  varieties  of  0.  Thahil, 
besides  other  species  not  sufficiently  perfect  to  admit  of  a  satisfactory 
description.  Bryozoa  are  also  abundant,  and  appear  to  have  been 
precisely  of  the  same  nature  in  the  Indian  as  in  the  European  areas  : 
as  in  our  own  slate  rocks,  the  narrow  bifurcating  forms  and  broad 
foliaceous  species  are  found  together.  Two  species  of  Splicerospongia 
occur  amongst  the  Amorphozoa.  Crinoid  stems  of  several  species 
have  also  been  found,  but  none  perfect  enough  to  be  worth  describing. 
The  genera  Choetetes  and  Heliolites  have  also  been  found  amongst  the 
Zoophyta. 

*  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  292. 
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The  Carboniferous  fossils  brought  home  by  Col.  Strachey  are 
neither  abundant  nor  well  preserved ;  nor  are  the  collections  of 
M.  Gerard  and  Prof.  Oldham  much  better.  These,  as  well  as  those 
collected  by  Dr.  Pleming  in  the  Punjab,  have  already  been  described. 
Mr.  Davidson  enumerates  no  less  than  twenty-eight  species  of  Bra- 
chiopoda,  of  which  thirteen  are  identical  with  British  fossils.  Only 
two  new  species  are  here  described  by  Mr.  Salter,  Chonetes  Vishnu 

and  Aviculo'pecten  hyemalis. 
The  fossils  of  the  Triassic  series  are  particularly  interesting ;  they 

are  chiefly  Cephalopoda,  representing  the  Upper  Triassic  group  so 
well  developed  in  the  Austrian  Alps.  The  extended  study  of  these 
beds  by  continental  geologists  has,  as  Mr.  Salter  shows,  only  con- 

firmed the  impression  they  first  gave,  that  their  fossils  were  an  in- 
termediate group  between  the  primary  and  secondary  systems  of 

life.  The  Himalayan  fossils  of  this  age  are  but  few ;  but  the  most 
striking  and  common  forms  among  them  are  the  species  most  charac- 

teristic of  the  same  strata  in  the  Alps.  This  opinion  of  Mr.  Salter 
has  been  confirmed  by  Prof.  Siiss  of  Vienna,  who  says  that  the  Hall- 
stadt  beds  of  the  Carinthian  Alps  have  a  peculiar  band  of  dark  shale, 
tenanted  almost  exclusively  by  two  fossils,  viz.  Halohia  {Avicula) 
Lommeli,  Miinst.,  and  Ammonites  Jloridus,  Wiilfen.  It  is  singular 
to  find  that  these  are  the  two  most  conspicuous  fossil  species  in  the 
Himalayan  series,  mixed  with  several  other  decidedly  European 
forms,  such  as  Ammonites  Aon,  A.  Ausseeanus,  A.  coancjiistatus ,  and 
A.  cliffisus,  Hauer ;  and  in  all  these  cases  the  Tyrol  and  Himalayan 
specimens  have  the  minutest  points  of  structure  identical.  The 
Natica  suhglohulosa  and  the  two  species  of  Orthoceras  are  also  identical. 

In  the  case  of  the  Brachiopoda,  probably  the  inhabitants  of  deeper 
water,  it  is  shown  that  the  characteristic  shells  Athi/ris  Deslong- 
chamj)sii,  A.  Strohmei/eri,Rhi/nchoneIla  retrocita,  and  WaldheimiaStop- 
pani  are  all  identifiable,  and  were  easily  recognized  by  Prof.  Siiss, 
who  has  described  them.  The  same  forms  occur  in  the  Spiti  Pass, 
and  Prof.  Oldham  has  found  in  that  region  a  gTcat  distinction  be- 

tween the  lower  mass  of  strata  inclosing  the  Triassic  fauna  and  that 
above  it,  which  is  loaded  with  Oolitic  and  Triassic  types. 

Mr.  Salter  here  figures  a  remarkable  fossil  brought  home  in  abun- 
dance by  Dr.  Gerard  from  the  same  locality,  closely  allied  to,  if  not 

identical  with,  Spirifera  Keilhavii,  Yon  Buch,  a  shell  characteristic  of 
the  Mountain-limestone  in  Arctic  regions. 

Thus  we  find  the  Triassic  rocks  of  India  not  only  forming,  as  it 
were,  a  link  between  the  Palaeozoic  and  Secondary  rocks,  but  con- 

taining many  species  identical  with  those  of  the  more  northern 
regions  of  Europe.  Undoubtedly  there  is  much  in  this  to  confirm 
the  opinion  so  often  entertained  by  palaeontologists,  although  it  may 
sometimes  have  been  carried  too  far  and  maintained  too  dogmati- 

cally, namely,  that  in  the  earlier  stages  of  organic  life  the  same  species 
were  more  widely  distributed  than  at  present,  and  that  over  wide- 

spread areas  there  was  less  variety  of  form,  both  of  species  and  of 
genera,  than  we  meet  with  now.  ISTor  is  it  a  sufficient  answer  to 
this  theory  to  say  that  the  older  formations  are  difficult  to  explore, 
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that  many  forms  may  have  been  destroyed  by  subsequent  metamor- 
phism,  and  that  we  must  be  necessarily  ignorant  of  most  of  the 

species  which  existed  in  the  earher  periods  of  the  world's  historj^  To 
a  certain  limited  extent  such  may  be  the  case  ;  but  if  there  really 
existed  in  the  Pal£eozoic  period  the  same  diversity  of  form  in  distant 
areas  as  we  find  prevailing  in  the  present  day,  it  would  be  a  strange 
coincidence,  and  contrary  to  every  doctrine  of  probability,  to  find 
among  the  forms  which  had  escaped  destruction,  and  which  had 
come  under  the  notice  of  the  geologist,  precisely  those  which  were 
either  identical  or  analogous  in  different  areas.  Is  it  not,  on  the 
other  hand,  more  probable  that  during  the  Palaeozoic  period,  when 
the  first  sedimentary  deposits  were  formed  in  the  waters  of  the 
ocean,  the  conditions  of  life  were  more  similar  over  a  larger  portion 

of  the  earth's  surface  than  during  any  subsequent  period,  when 
partial  disturbances,  dislocations,  and  other  changes  had  destroyed 
that  uniformity  which  at  first  prevailed? 

But  I  must  return  to  the  Himalayan  fossils.  Mr.  Salter  pub- 
lishes a  list  of  the  fossils  from_  the  Upper  Triassic  (Keuper)  rocks  in 

the  Himalayas,  with  the  respective  localities  in  Europe  of  such  as 
are  identical ;  from  which  it  appears  that,  out  of  thirty-six  species, 
fourteen  occur  in  the  Keuper  beds  of  the  Austrian  Alps.  Amongst 
the  species  described  are — Ammonites  11  species,  Ortlioceras  1,  Na- 
tica  1,  Monotis  1,  Pecten  2,  Lima  1,  Exogyra  1,  Athyris  2,  Bhyncho- 
nella  1,  Waldheimia  1,  Spirifera  2.  Mr.  Salter  remarks  on  the  sin- 

gular fact  that  scarcely  one  of  the  Triassic  fossils  obtained  from  the 
Spiti  district,  and  brought  home  last  year  by  Prof.  Oldham,  corre- 

sponds with  those  of  the  Niti  Pass,  though  100  miles  nearer  to  the 
Alps.  He  suggests  that  in  the  Spiti  valley  we  may  probably  have 
a  different  and  an  older  group. 

The  Cephalopoda  of  the  Jurassic  rocks  are  next  described  by 
Prof.  Blanford  of  Calcutta;  they  consist  of  nineteen  species,  of 
which  eighteen  are  Ammonites  and  one  a  Belemnite.  The  identity 
of  Indian  species  with  those  of  Europe  does  not  appear  so  great  as 
in  the  case  of  the  underlying  rocks.  The  author  says  that,  with 
the  exception  of  Ammonites  biplex,  Sow.,  and  A.  triplicatus,  Sow., 

no  well-identified  European  species  occurs  among  Col.  Strachey's 
fossils,  although  many  of  the  latter  are  closely  allied  to  European 
types. 

Mr.  Salter  then  proceeds  to  describe  the  Gasteropoda  and  Bivalves 
from  the  same  range  of  strata ;  these,  however,  are  of  great  thick- 

ness, and,  as  he  observes,  probably  include  several  members  of  the 
Jurassic  series.  The  fossils  here  described  are — Turho  1  sp., 
Chemnitzia  1,  Ostrea  2,  Avicula  1,  Monotis  1,  Pecten  6,  Lima  2, 
Inoceramus  1,  Modiola  1,  Myoplioria  1,  Nuculq  1,  Mactromya  1, 
Cardium  1,  Astarte  1,  Ciicidlcea  1,  Anatina  1,  -Terehratula  3,  Kliyn-- 
clionella  2.  The  work  concludes  with  an  interesting  postscript  by 
Mr.  Blanford,  referring  to  the  works  of  Prof.  Oppel  and  Dr.  Sto- 
liczka,  the  latter  of  whom  has  recently  visited  the  Spiti  valley,  and 
has  made  a  more  complete  examination  of  the  fossiliferous  forma- 

tions of  that  part  of  India  than  had  been  accomplished  by  any  pre- 
TOL,  XXII.  d 
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vious  visitor ;  he  also  corrects  some  errors  of  nomenclature  which 
had  crept  into  former  notices,  and  refers  to  some  discussion  which 
had  arisen  respecting  the  authenticity  of  certain  specimens.  He 
also  observes  that  the  Spirifera  Rajah,  supposed  to  be  identical  with 
S.  Keilhavii,  does  not  occur  in  the  same  beds  with  Triassic  Ammo- 

nites, but  in  beds  decidedly  below  them,  and  is  therefore  probably  of 

the  same  relative  age  as  the  "  Carboniferous "  of  Europe.  The 
work  is  illustrated  by  23  plates  of  fossils,  in  which  all  the  new 
species  are  engraved. 

Another  volume  of  the  works  of  the  Palseontographical  Society 
has  been  published  during  the  past  year  (vol.  for  3863),  containing 
portions  of  four  monographs.  The  first  is  the  continuation  of  Mr. 

Salter's  "Monograph  of  British  Trilobites,"  and  specially  the  second 
part,  which  contains  the  Silurian  and  Devonian  forms,  with  8 
plates.  The  genera  here  discussed  are — Amphion,  Staurocephalus 
3  sp.,  Deiphon  1,  Galymene  9,  Homalonotus  13.  The  author  then 
commences  the  group  of  the  Asaphidce,  of  which  only  one  species 
of  the  genus  Ogygia  is  here  described. 

The  next  work  is  the  second  portion  of  the  sixth  part  of  Mr.  Da- 
vidson's "  Monograph  of  British  Brachiopoda,"  viz.  the  Devonian, 

with  11  plates.  The  genera  described  in  this  part  are — Atrypa  3  sp., 
Rliynchonella  16,  Camarophoria  1  (Mr.  Davidson  is  disposed  to  con- 

sider this  to  be  the  same  species  as  Prof.  Phillips's  Terehratula  rhom- 
boidea  and  the  Permian  form  C.  glohulina,  Schlot.),  Pentamerus  2, 
Davidsonia  1,  Strophomena  1,  StreptorhyncTius  4,  Leptcena  3,  OrtJiis 
5,  Chonetes  2,  Strophalosia  1,  Productus  4,  Dischm  1,  Lingula  1, 
Galceola  1.  In  concluding  this  monograph  Mr.  Davidson  observes 
that  91  so-called  species  have  been  described  and  illustrated,  but 
of  these  only  Qb  have  been  named  with  certainty;  14  more  are 
probably  good  species,  but  they  are  not  yet  sufficiently  made  out ; 
the  remaining  12,  indicated  merely  for  the  sake  of  reference,  will 
probably  have  to  be  placed  as  synonyms  of  some  of  the  other  79 
species.  He  then  points  out  which  of  these  species  extend  up- 

wards into  the  Carboniferous  beds,  and  concludes  with  some  inter- 
esting observations  on  the  geological,  geographical,  andpalaeonto- 

logical  distribution  of  the  species,  and  on  the  sequence  of  the  dif- 
ferent beds  of  the  Middle  Devonian  group,  which,  as  well  as  those  of 

the  Lower  Devonian,  are  extremely  comphcated. 
The  third  paper  in  this  volume  is  the  commencement  of  a  valuable 

"  Monograph  of  British  Belemnitidse,"  by  Prof.  Phillips.  His  memoir 
commences  with  an  historical  account  of  the  progress  of  discovery 
respecting  this  group  of  Cephalopoda  from  the  time  when  Belem- 
nites  were  first  so  called  by  Georgius  Agricola  in  1546,  when  [they 
were  considered  as  of  animal  origin,  do^Ti  to  the  period  of  the  more 
recent  discoveries  of  Buckland,  Owen,  and  Mantell,  when  their  true 
place  in  nature,  as  belonging  to  the  great  family  of  Cephalopoda,  was 
satisfactorily  established  by  the  discovery  of  specimens  in  which  the 
fossil  ink-bag  and  other  characteristic  parts  of  the  animal  and  its 
sheath  have  been  preserved. 

Prof.  Phillips  then  proceeds  to  describe  the  structure  of  the  Be- 
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lemnitidce.  The  most  commonly  preserved  portion  in  the  fossil  state 
is  the  posterior  or  caudal  portion  of  the  guard  or  sheath,  which 
was  originally  considered  as  the  Belemnite  ^ar  excellence,  until  it 
was  subsequently  discovered  that  as  this  guard  extended  forwards 
it  formed  a  conical  cavity  filled  with  a  shell  of  similar  form,  gradu- 

ally expanding  forwards,  divided  by  many  shelly  plates,  and  pierced 
by  a  small  pipe  or  siphuncle  near  one  edge.  This  is  called  the 
phragmocone,  and  is  rarely  found  complete  ;  when  such,  however,  is 
the  case,  it  is  covered  by  a  thin  conical  shell  distinct  from  the  sub- 

stance of  the  guard,  and  called  "  conotheca "  by  Huxley.  With 
regard  to  the  guard  itself  Prof.  Phillips  observes,  that  it  is  neces- 

sary that  it  should  be  carefully  observed  in  three  distinct  aspects, 
viz.  the  dorsal  and  ventral  faces,  as  well  as  along  the  axis  or 
apical  line.  Although  specimens  are  extremely  rare  in  which  the 
2)hragmocone  and  guard  are  found  together  completely,  yet  in  spe- 

cimens from  the  Lias  of  Lyme  Regis  and  of  Yorkshire  the  structure 
of  the  phragmocone  in  relation  to  the  guard  has  been  sufficiently 
ascertained  to  justify  a  restoration  of  the  whole  shell. 

The  author  then  proceeds  to  describe  the  classification  of  the 
Belemnitidae,  but  this  chapter  is  unfinished ;  and  no  plates  or 
illustrations,  except  woodcuts,  are  given  in  this  portion  of  the  mono- 
graph. 

The  next  paper  is  the  "  Monograph  of  the  Fossil  Eeptilia  of  the 
Liassic  formation,"  by  Prof.  Owen  :  part  first,  Sauropterygia.  The 
work  commences  with  a  detailed  account  of  Plesiosaurus  doliclio- 
cleirus,  followed  by  P.  lioyyialospondylus,  P.  rostratus  (Owen),  and  P. 
rugosus  (Owen),  and  is  accompanied  by  16  plates.  The  merit  of 
these  osteological  papers  of  Prof.  Owen  is  so  well  known  that  it  is 
unnecessary  for  me  to  say  more  than  that  the  detailed  description 
appears  to  exhaust  whatever  can  be  said  respecting  these  extinct  rep- 

tiles, their  mode  of  entombment,  and  the  resulting  positions  in  which 
they  have  been  found. 

Although  I  do  not,  as  a  rule,  purpose  alluding  to  the  papers  which 
have  been  read  at  our  evening  meetings,  yet  there  are  some  which 
appear  to  be  of  sufficient  interest  to  justify  my  noticing  them  on  the 

present  occasion.  The  organic  structui-e  of  the  Eozobn  Canadense 
to  which  I  alluded  last  year,  has  been  called  in  question  by 
Prof.  W.  King  and  Dr.  Eowney  in  a  paper  recently  read  before  the 
Society.  Having  examined  numerous  specimens  of  Eozoonal  Ser- 

pentine from  various  localities,  the  authors  consider  that  the  ap- 
pearances which  Dr.  Carpenter  and  others  have  pronounced  to  be 

organic,  and  closely  to  resemble  foraminiferal  structure,  are  purely 

of  mineralogical  origin.  They  consider  the  ''  skeleton  "  to  be  iden- 
tical with  the  calcareous  matrix  of  certain  minerals,  as  Chondrodite, 

Pargasite,  &c.  The  "  proper  wall "  of  the  chambers  is  not  an  in- 
dependent structure,  in  their  opinion,  bat  only  the  surface -portion  of 

the  granules  of  chrysotile  crystallized  into  an  asbestiform  layer. 
The  dendritic  and  other  forms  which  were  described  as  repre- 

senting the  "  canal  system,"  are  considered  by  them  to  be  tufts  of 
metaxite,  or  some  allied  variety  of  chrysotile  ;  and  these  and  other 

d2 
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forms  are,  in  their  opinion,  nothing  but  imbedded  imitative  crystal- 
lizations, quite  distinct  from  the  foraminiferal  structure  with  which 

they  have  been  compared.  From  these  and  other  considerations 

thej'  conclude  that  Eozoonal  Serpentine  is  a  metamorphic  rock,  and 
they  throw  out  the  suggestion  that  it  may,  in  many  cases,  have 
also  undergone  a  pseudomorphic  change — that  is,  it  may  have  been 
converted  from  a  gneissoid  calcareous  diorite  by  chemical  introduc- 

tions or  eliminations. 
Dr.  Carpenter  maintains  the  correctness  of  his  former  views. 

In  a  paper  read  on  the  same  evening  he  showed  that  a  recent 
siliceous  cast  of  Amphistegina  from  the  Australian  coast  exhi- 

bited a  perfect  representation  of  the  "  asbestiform  layer."  He 
then  showed  that  this  asbestiform  layer  exhibited  in  Eozoon  a  series 
of  remarkable  variations,  which  can  be  closely  paralleled  by  those 
which  are  found  in  the  course  of  the  ''tubuli"  in  the  shells  of 
existing  Nummuline  foraminifera,  and  are  associated  with  a  structure 

exactly  similar  to  the  lacunar  spaces  intervening  between  the  out- 
side of  the  proper  wall  of  the  chambers  and  the  intermediate  skeleton 

by  which  they  became  overgrown,  formerly  inferred  by  the  author 
to  exist  in  Calcarina.  With  regard  to  the  opinions  advanced  by 
Prof.  King  and  Dr.  Eowney,  he  stated  that  even  if  the  dendritic 
passages  hoUowed  out  in  the  calcareous  layers,  and  the  arrangement 
of  the  minerals  in  the  Eozoon  limestone  could  be  accounted  for  by 
inorganic  agencies,  there  still  remained  the  ISTummuline  structure  of 
the  chamber-wall,  to  which  no  parallel  can  be  shown  in  any  un- 

doubted mineral  product. 
The  question  is  certainly  one  of  great  importance,  and^  considering 

the  minute  microscopical  structure  and  the  mineral  as  well  as  me- 
tamorphic change  which  the  rocks  have  undergone,  it  is  still  in- 

volved in  some  obscurity.  It  were  much  to  be  desired  that  the 
gneissoid  rocks  from  other  localities  should  be  carefully  ex- 

amined ;  for  if  the  organic  theory  be  true  in  the  case  of  old  Lau- 
rentian  gneiss,  we  ought  to  expect  a  fuller  confirmation  of  it  in  the 
gneissic  rocks  of  a  still  younger  age.  And  though  it  may  perhaps 
be  considered  rash  in  one  who  has  not  examined  the  various  speci- 

mens microscopically  beyond  seeing  some  of  Dr.  Carpenter's  prepara- 
tions, I  am  bound  to  say,  almost  against  my  own  convictions,  that 

the  balance  of  argument  at  present  is  in  favour  of  the  views  laid 
down  by  Dr.  Carpenter,  Dr.  Dawson,  and  Mr.  Sterry  Hunt.  I  should 
add  that  Dr.  Carpenter  also  stated  that  he  had  recently  detected 
Eozoon  in  a  specimen  of  Ophicalcite  from  Bohemia,  in  a  specimen  of 
gneiss  from  near  Moldau,  and  in  the  serpentinous  limestone  from 
Bavaria. 

With  reference  to  this  subject.  Prof.  A.  Sismonda  has  published  an 
account  of  some  organic  impressions  found  on  a  mass  of  gneiss  de- 

rived from  one  of  the  boulders  in  the  diluvium  which  overlies  the  Lias 
formation  north  of  Rezzago  in  the  Brianza.  This  block  must  have 
been  brought  down  from  the  Alps,  and  Prof.  Sismonda  considers 
that  it  probably  came  from  the  Yaltellina,  the  mountains  of  which 
consist  of  tills  same  form  of  gneissic  rocks.     When  first  discovered, 
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some  years  ago,  it  was  supposed  to  be  an  insect ;  but  more  careful 
investigations  recently  made,  particularly  by  M.  Brongniart,  whom 
he  consulted,  have  proved  it  to  be  of  vegetable  origin.  M.  Brong- 

niart concluded  that  it  was  a  portion  of  an  Equisetum,  very  analogous 
to  E.  infundihuli forme,  of  the  Carboniferous  period,  but  possibly  a 
new  species.  From  these  considerations  Prof.  Sismoncla  concludes 
that  the  gneiss  in  question  is  a  metamorphic  rock  of  the  Carboni- 

ferous period,  and  suggests  the  propriety  of  further  search  for  fossil 
remains  in  these  crystalline  rocks  of  the  Alps. 

M.  Barrande  has  published,  during  the  past  year,  a  second  volume  of 
his  important  work  on  the  Silurian  System  of  the  centre  of  Bohemia. 
It  is  the  first  series  of  the  Cephalopoda,  and  consists  of  107  plates  with 
corresponding  explanations.  In  a  short  preliminary  noticeM. Barrande 
states  that  the  Silurian  Cephalopoda  of  Bohemia  will  occupy  350 
plates  ;  this  large  quantity  of  matter  renders  it  necessary  to  publish 
them  in  separate  large  numbers  or  livraisons.  The  present  number 
forms  the  first  series  of  the  plates  devoted  to  this  class.  It  contains 

about  200  species,  repiesenting  the  ten  following  genera: — Goniatites, 
Noihoceras,  Trochoceras,  Nautilus,  Gyroceras,  Hcrcoceras,  Lituites, 
Fhragmoceras,  Gomijlioceras,  and  Ascoccras.  The  two  other  genera, 
Orthoceras  and  Cyrtoceras,  which  complete  the  family  of  the  Silurian 
NautiKdai  of  Bohemia,  are  much  richer  in  species,  and  will  fully 
occupy  the  plates  of  the  second  and  third  series,  with  the  exception 
of  such  as  will  represent  the  features  of  the  general  study  of  the 
Nautilidae.  The  text  belonging  to  these  ten  genera  will  be  shortly 
published ;  the  author  has  therefore  confined  his  observations  on 
them,  for  the  present,  to  a  tabular  statement  pointing  out  their  ver- 

tical distribution  in  the  different  formations  and  their  principal  sub- 
divisions. 

One  of  the  most  remarkable  results  of  an  examination  of  this  ta- 
bular statement  is  the  great  preponderance  of  forms  which  are 

characteristic  of  the  formation,  or  Stage,  E.  Of  202  species  here 
figured,  155  belong  to  this  formation,  and  only  47  to  Gr,  8  to  F, 
and  2  to  D,  and  at  the  other  end  of  the  series  only  2  to  H.  Looking 
at  individual  genera,  out  of  70  species  of  Gomplioceras,  61  belong 
to  the  formation  E.  The  only  remarkable  exception  to  this  rule  is 
the  genus  Goniatites;  out  of  17  species,  15  belong  to  the  formation  Gr, 
which,  with  the  formations  E,  E,  and  H,  belong  to  the  Upper  Silurian 

System,  and  constitute  M.  Barrande's  ^'  faune  troisieme."  Besides 
this  wonderful  development  of  Cephalopoda  in  this  Upper  Silurian 
System  of  Bohemia,  their  rapid  diminution  is  no  less  surprising. 
Only  two  species  remain  in  etage  H,  a  Goniatite  and  a  Gyroceras,  and 
these  are  only  found  in  the  lowest  subdivision  of  the  etage. 

M.  Barrande  has  also  published  during  the  past  year  a  third 

part  of  his  work  entitled  '  Defense  des  Colonies,'  comprising  a 
general  consideration  of  the  Stages  G  and  H,  with  special  refer- 

ence to  the  neighbourhood  of  Hlubogep,  near  Prague.  The  ne- 
cessity for  this  publication  is  stated  to  be  the  erroneous  views  en- 

tertained by  MM.  Lipoid  and  Krejci  respecting  the  stratigraphical 
conditions  of  the  neighbourhood  of  Hlubocep  and  Litten.    I  shall  not 
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presume  on  this  occasion  to  discuss  the  general  question  of  M.  Bar- 

rande's  Colonial  System,  but  shall  endeavour  to  confine  myself  to  a 
general  sketch  of  the  contents  of  the  work  and  of  the  objects  which 
he  has  in  view.  The  etages  G  and  H,  it  is  well  known,  represent  the 

upper  portions  of  the  Upper  Silurian  formation,  or  the  "  faune  troi- 
sieme  "  of  M.  Barrande.  The  work  is  divided  into  two  parts ;  the 
first  is  devoted  to  the  general  description  of  the  etages  G  and  H  on  the 
surface  of  the  Bohemian  basin.  The  first  two  chapters  give  the 
results  of  his  stratigraphical  and  palseontological  investigations  with 
regard  to  these  two  groups  and  their  subdivisions.  In  the  third  chap- 

ter he  points  out  their  topographical  extent,  and  shows  their  horizon- 
tal and  vertical  relations  by  means  of  two  sections  across  the  upper 

division  and  the  zone  of  the  colonies,  the  one  following  the  valley 
from  Tachlovitz  to  Radotin,  and  the  other  through  the  quarries  of 
Dvoretz  and  Branik,  near  Prague.  In  the  fourth  chapter  the  author 
endeavours  to  ascertain  whether  the  etages  G  and  H  are  represented 
in  the  Silurian  basins  of  other  countries ;  and  in  the  fifth  chapter  he 
discusses  the  connexions  which  exist  between  the  fauna  of  the  etages 
G  and  H  and  the  Devonian  fauna.  The  second  part  contains  an 
account  of  his  special  observations  respecting  the  phenomena  of  the 
etages  G  and  H  in  the  neighbourhood  of  Hlubogep,  with  remarks  on 
the  adverse  criticisms  of  MM.  Lipoid  and  Krejci  respecting  the 
stratigraphical  arrangement  of  the  beds  in  question. 

The  colonial  system  of  M.  Barrande  is  too  well  known  to  geolo- 
gists to  render  it  necessary  for  me  to  make  any  further  allusion  to 

it  than  to  refer  you  to  the  last  edition  of  Sir  R.  I.  Murchison's 
'  Siluria,'  p.  400.  The  anticolonial  argument  which  MM.  Krejci 
and  Lipoid  have  brought  forward,  founded  on  the  stratigraphical 
appearances  of  the  different  formations  in  the  neighbourhood  of 

Hlubogep,  is  thus  stated  by  the  author : — 
1.  There  are  evident  dislocations  at  Hlubogep  in  the  etages  G 

and  H. 
2.  These  dislocations  have  produced  a  mechanical  intercalation  of 

the  schistose  beds  of  H  amongst  the  limestones  of  G,  showing 
appearances  perfectly  resembling  those  of  the  colonies. 

3.  The  colonies  are  therefore  naturally  explained  by  simple  dislo- 
cations and  mechanical  intercalations. 

These  statements  M.  Barrande  emphatically  denies.  He  shows 
that  the  supposed  existence  of  these  dislocations  is  solely  founded  on 
a  want  of  careful  observation.  Independently  of  the  synclinal  fold 
already  pointed  out,  along  the  axis  of  the  basin,  and  the  anticlinal 
fold,  now  described  in  the  heights  of  Divgi  Hrady,  these  pretended 
dislocations  and  their  supposed  effects  are  purely  imaginary. 

Kor  does  the  locality  of  Hlubogep  offer  any  intercalation  what- 
ever of  the  schists  of  H  amongst  the  limestones  of  G;  on  the 

contrary,  this  locality  shows  on  each  side  of  the  synclinal  axis  of 
the  valley  the  regular  and  symmetrical  series  of  the  formations  of 
the  etages  G  and  H,  without  any  appearance  of  mechanical  origin 
which  could  reproduce  the  stratigraphical  and  palseontological  alter- 

nation of  the  colonies.    The  series  of  formations  near  Hlubogep  is  of 



ANNIVERSART  ADDEESS  OF  THE  PRESIDENT.  Iv 

a  purely  sedimentary  and  normal  origin,  independent  of  all  disloca- 
tion or  disturbance  of  the  ground. 

The  process  by  which  the  author  supports  his  views  may  be  suc- 
cinctly stated  as  follows : — He  shows,  in  the  first  place,  that  the 

etage  G  consists  of  three  subdivisions,  the  lowest,  g  1,  being  a  purely 
calcareous  bed,  g  2  being  a  band  of  argillaceous  schists  with  calca- 

reous nodules,  passing,  by  a  gradual  increase  of  the  calcareous  ele- 
ment, into  the  overlying  bed  g  3,  consisting  of  limestone  resembling 

altogether  the  bed  g  1,  the  whole  forming  such  a  complete  system  of 
superposition  and  gradual  passing  of  one  into  the  other,  as  alto- 

gether to  preclude  the  possibility  of  the  bed  g  2  being  an  intercala- 
tion of  the  overlying  etage  H,  which  consists  entirely  of  argillaceous 

schists.  This  etage  is  also  separated  into  three  subdivisions,  Jil,h  2, 
and  h  3,  in  which  the  calcareous  element  appears  to  be  altogether 
wanting.  There  is  no  gradual  passage  between  G  and  H ;  the  tran- 

sition is  sharp  and  well  defined. 
The  author  then  proceeds  to  describe  the  palaeontological  contents 

of  the  Stages  G  and  H,  and  their  subdivisions.  By  these  means  he 

has  been  enabled  to  point  out  the  true  distinction  of  the  diff'erent 
beds,  for  which  the  petrographical  and  stratigraphical  evidence  alone 
was  not  sufiicient.  Thus  the  two  calcareous  bands  g  1  and  g  3,  so 
closely  resembling  each  other  in  a  petrographical  point  of  view,  are 
shown,  by  the  numerous  tabular  statements  of  their  respective 
faunas,  to  be  entirely  distinct.  These  tables  show  that,  with  the 
exception  of  the  Cephalopoda,  all  the  classes  (p.  55),  including  the 
Eish,  Crustacea,  Pteropoda,  Gasteropoda,  Brachiopoda,  Acephala, 
Radiata,  and  Vegetables,  are  represented  by  a  much  larger  number 
of  species  in  ̂   1  than  in  g  3.  On  the  other  hand,  the  Cephalopoda 
are  more  numerous  in  g  3  than  in  g  1  m  the  proportion  of 
3  to  2 ;  and,  moreover,  in  bed  g  3  the  Cephalopoda  alone  contain 
about  four  times  as  many  forms  as  all  the  other  classes  together 
in  the  same  bed ;  besides  which  these  two  beds  contain  very  few 
species  common  to  both. 

With  regard  to  the  four  schistose  beds,  g  2,  h  1,  h  2,  and  h  3,  the 
distinction  is  equally  clear ;  h  2  and  li  3,  being  unfossiliferous,  are 
easily  separated  from  the  others  ;  and  with  regard  to  g  2  and  h  1 , 
although  thej  contain  eleven  species  common  to  both,  a  much  greater 
number  of  species  are  peculiar  to  each. 

Trilobites  .  .  . 
Peculiar  to  0' 2. 
.  ..     3 

Peculiar  to  ̂   1. 
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Eut  these  two  formations  are  also  easily  distinguished  by  their 
rocks ;  the  schists  of  </  2  contain  numerous  calcareous  nodules  of  a 
light  colour,  which  are  altogether  wanting  in  the  bed  Ji  1,  where  the 
calcareous  element  only  appears  at  its  base  in  thin  bands,  and  with 
an  entirely  different  petrographical  character  from  that  of  the 
nodules  above  mentioned.  Thus  there  is  sufficient  evidence  to  pre- 

vent the  possibility  of  mistaking  these  two  beds,  g  2  and  h  1. 
In  the  next  chapter  (3rd)  the  author  describes  the  stratigraphical 

relations  between  the  Stages  G  and  H  and  the  other  Stages  of  the  Bo- 
hemian basin.  The  different  sections  from  various  localities  are  given 

in  great  detail,  and  several  faults  are  described,  the  explanation  of 
which,  Avhen  the  adjacent  beds  were  unfossiliferous,  was  a  work  of 
much  labour  and  time.  I  must  refer  you  to  the  work  itself  (p.  102) 
for  an  account  of  the  fault  of  Branik  and  the  adjacent  colony  of 

Branik,  where,  in  the  midst  of  the  Stage  D  5,  consisting  of  unfos- 
siliferous beds  of  grey  schists  and  quartzites  of  great  thickness,  thin 

fossiliferous  bands  occur,  more  or  less  charged  with  calcareous 
matter,  containing  several  species  of  fossils,  which  peculiarly  charac- 

terize the  lower  beds  of  Stage  G ;  thus,  according  to  Mr.  Barrande's 
theory,  foreshadowing  by  colonization  the  future  characteristic  popu- 

lation of  the  overlying  beds.  Other  colonial  appearances  are  de- 
scribed, as  well  as  a  section  showing  the  complete  series  of  the  thin 

bands  of  Stage  G,  with  the  overlying  Stage  H,  in  regular  conformable 
stratification. 

In  the  fourth  chapter  the  author  enters  into  a  detailed  consider- 
ation as  to  how  far  the  Stages  G  and  II  are  represented  in  other 

Silurian  basins.  The  countries  thus  noticed  are  England,  Eussia, 
Sweden,  Korway,  Thuringia,  Saxony,  Franconia,  the  Harz,  France, 
Spain,  Sardinia,  and  the  United  States  of  America. 

M.  Barrande  observes  that  he  still  adheres  to  the  opinion,  pub- 

lished in  his  '  Notice  preliminaire,'  and  confirmed  twelve  years  ago 
in  his  'Esquisse  Geologique'  (Syst.  Sil.  &c..  Book  I.),  that,  although 
there  was  a  complete  general  correspondence  between  the  great 
Silurian  divisions  of  Bohemia  and  England,  a  more  detailed  compari- 

son of  local  forms  proves  that  the  different  Stages  in  each  countiy 
did  not  correspond  with  each  other.  Comparing  the  Upper  Silurian 
formation  of  England  with  the  faune  troisieme  of  Bohemia,  viz.  the 

etages'Ei,'F,  G,  H,  he  says  that  the  fossils  which  characterize  the  upper division  in  England  and  in  Bohemia,  taken  as  a  whole,  constitute, 
both  by  their  analogies  and  their  identities,  whether  generic  or 

specific,  one  simple  general  fauna,  which  he  calls  "  faune  troisieme." 
At  its  commencement  in  each  country  this  fauna  shows  a  close  and 
intimate  resemblance;  but,  owing  to  local  conditions,  or  other 
unknown  causes,  it  has  undergone  in  each  country  a  different 
development,  ̂ s  is  shown  both  by  the  unequal  distribution  of  each 
class  and  by  the  modifications  caused  by  the  extinction  and  pro- 

gressive renewal  of  species.  The  consequence  of  this  divergence 
gradually  increasing  in  time  has  been,  that  the  beds  which  form  the 
upper  portion  of  the  upper  division  are  connected  together  by  a 
minimum  of  palseontological  relations,  so  that  no  individual  paral- 
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lelism  can  be  established  bet-ween  them,  although  they  all  belong- 
to  the  same  period  of  time,  during  the  deposition  of  the  Silurian 
system. 

The  author  then  gives  a  table  showing  the  vertical  distribution  of 
57  Upper  Silurian  species  which  have  been  recognized  as  identical 
in  the  two  countries,  and  shows  that  out  of  this  number  belonging 

to  the  "  faune  troisieme,"  32  had  already  existed  in  the  lower  divi- 
sion, or  "faune  seconde,"  of  England,  whereas  none  of  them  are  found 

in  the  "  faune  seconde "  of  Bohemia  ;  this  fact  alone  he  considers 
sufficient  to  prove  the  possibility  of  his  colonies,  as  these  32  species 

coexisting  with  the  "  faune  seconde"  of  Bohemia  might  have  immi- 
grated into  the  Bohemian  basin  and  have  dwelt  there  temporarily 

during  the  existence  of  this  fauna.  Of  these  57  species,  50  occur  in 
the  AVenlock  beds  and  27  extend  into  the  Ludlow  beds,  whereas  in 
Bohemia  51  of  them  are  found  in  the  etage  E,  and  only  12  appear 
in  etage  F ;  only  five  extend  into  etage  G  and  one  into  H.  Thus 
showing  that  etage  E  contains  almost  all  the  palDcontological  con- 

nexions hitherto  recognized  between  the  "  faune  troisieme  "  of  Eng- 
land and  Bohemia,  whereas  the  few  identities  occurring  in  the 

three  etages  E,  G,  and  H,  merely  serve  to  show  that  they  are  really 
constituent  parts  of  the  same  Tipper  Silurian  division. 

After  describing  the  different  connexions  between  the  "  faune 
troisieme  "  of  Bohemia  and  the  other  countries  mentioned  above,  the 
author  observes  that  these  comparative  statements  are  the  only 
means  available  for  ascertaining  how  far  the  last  phase  of  the  Bohe- 

mian "  faune  troisieme  "  contained  in  the  etages  G  and  H  is  repre- 
sented in  other  countries.  By  way  of  comparison,  he  enounces  the 

chief  distinctive  characters  of  this  phase  as  follows : — 
1.  Intermittent  or  sporadic  presence  of  fish,  and  particularly  the 

armoured  type,  the  first  appearance  of  which  belongs  to  etage  E. 
2.  Predominance  of  the  genera  Dalmanites  and  Bronteus  amongst 

the  Trilobites,  and  the  presence  of  the  genus  Calymene.  The  genus 
Dalmanites  is  only  represented  by  the  group  of  I).  Hausmanni. 

3.  The  reappearance  and  relatively  new  development  of  the  nau- 
tiliform  Cephalopods  generally,  and  particularly  of  the  genera  Phrag- 
moceras  and  Oomplioceras,  characterized  by  their  contracted  opening. 

4.  Development  of  the  group  of  Nautilina,  representing  the  genus 
Goniatites,  which  made  its  first  appearance  in  the  etage  E. 

5.  Sporadic  appearance  of  Gardiola  retrostriata  in  the  etage  H. 
These  characters  are  nowhere  found  all  together  in  any  horizon  of 

the  Upper  Silurian  division  in  the  Palaeozoic  regions  of  the  two  con- 
tinents ;  but  their  absence  shows  itself  in  very  difterent  degrees  in 

the  different  countries  compared  with  Bohemia.  In  the  neighbour- 
ing regions  of  Saxony,  Thuringia,  and  Eranconia  no  trace  has  hitherto 

been  found  of  the  last  phase  of  the  "  faune  troisieme,"  whereas  the 
earher  phase  has  now  been  distinctly  recognized.  The  Silurian 
deposits  of  these  regions  appear  to  belong  to  the  great  Palaeozoic 
zone  of  the  north,  as  England,  Russia,  and  the  Harz,  the  faunas  of 
which,  notwithstanding  their  greater  distance,  bear  a  very  marked 
resemblance  to  the  phase  of  the  etages  G  and  H.     Sweden  and  Nor- 
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way  are  in  tlie  same  category.  Prance,  Spain,  and  Sardinia,  although 
showing  clear  evidence  of  the  existence  of  the  first  phase,  are  also 
deficient  of  all  trace  of  the  last  phase,  only  in  Prance  the  forma- 

tions which  are  classed  as  Lower  Devonian  contain  numerous  fossils 

similar  to  the  forms  found  in  the  different  etages  E,  F,  and  G. 
In  England,  the  Isle  of  Oesel,  and  the  Harz,  the  characters  of  the 

fauna  of  the  etages  G  and  H  are  partially  represented;  but  in 
England,  amongst  the  six  genera  offish  found  in  the  Ludlow  and  Pas- 

sage-beds, there  are  none  of  the  cuirasses  or  armoured  types.  The 
Trilobites  are  almost  entirely  wanting;  the  Dalmanites  of  the 
groups  D.  Hausmanni  and  Bronteus  are  not  represented.  The  same 
is  the  case  with  the  Nautilidae  with  the  contracted  mouth.  Gonia- 
tites  are  unknown,  as  well  as  Cardiola  retrostriata. 

The  United  States  of  America  form  another  category,  showing 
the  principal  characters  which  distinguish  the  fauna  of  the  etages 
G  and  H,  viz.,  the  sporadic  appearance  of  the  armoured  fish,  the 
existence  of  the  genus  Calynwne  amongst  the  Trilobites,  a  greater 
development  of  the  Dalmanites  type,  and  the  reappearance  and  re- 

lative abundance  of  the  Nautilidoe ;  thus  the  most  complete  repre- 
sentative hitherto  known  of  the  etages  G  and  H  is  found  in  the 

State  of  New  York. 

The  fifth  chapter  is  devoted  to  the  consideration  of  the  connexion 
between  the  etages  P,  G,  and  H  of  the  Silurian  basin  of  Bohemia 
and  the  Devonian  formations.  After  alluding  to  the  evidence  which 
he  has  given  that  the  lower  calcareous  Stage  E  contains  by  itself  a 
fauna  almost  as  complete  as  that  which  is  distributed  in  difierent 
beds  in  other  countries  between  the  Lower  Silurian  and  the  Devo- 

nian, the  author  proceeds  to  show  that  it  would  be  a  great  error  to 
suppose  that  the  upper  etages  P,  G,  H  could  belong,  at  least  par- 

tially, to  the  Devonian  period.  He  shows,  by  carefully  analyz- 

ing the  difi'erent  classes  of  fossils  contained  in  these  three  etages, 
that,  although  they  certainly  do  contain  some  species  common 
to  the  Devonian  fauna,  they  are  totally  deficient  in  those  forms 
which  have  hitherto  been  considered  as  essentially  characteristic  of 
the  three  subdivisions  of  the  Devonian  system,  and  that,  on  the  other 
hand,  they  contain  many  forms  of  a  true  Silurian  character. 

The  result  of  this  examination  shows  that  although  the  typical 
forms  of  many  Devonian  species  made  their  first  appearance  in  the 
Silurian  formation,  and  although,  as  in  the  case  of  the  Nautilidee,  the 
analogies  brought  forward  would  appear  to  show  a  greater  connexion 
between  the  Devonian  faunas  and  the  etage  E  than  with  the  etage 
G,  no  identical  species,  either  of  Trilobites,  Nautilidae,  or  Goniatites, 
occur  in  the  two  formations ;  the  same  may  be  said  of  Pteropoda  and 
Gasteropoda.  Of  Brachiopoda  there  are  2  species  common  to  etage 
G  and  the  Devonian  beds.  Cardiola  retrostriata  is  a  remarkable 
instance  of  connexion  between  the  Devonian  phase  and  the  youngest 
Silurian  phase,  as  well  as  between  the  older  and  younger  phases  of 
the  Upper  Silurian ;  and  M.  Barrande  thus  sums  up  the  result  of  his 
examination : — 

1.  The  last  phase  of  the  "faune  troisieme"  contained  in  the  etages 
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.Cf  and  H  is  more  or  less  closely  connected  in  all  classes  of  fossils 
with  the  former  phases  of  this  fauna  contained  in  the  underlying 
etages  E  and  F. 

2.  Notwithstanding  certain  general  connexions  between  these 
same  upper  etacjes,  G  and  H,  of  the  basin  of  Bohemia  and  the  three 
great  Devonian  subdivisions,  there  is  no  such  affinity  between  the 
faunas  of  the  two  formations  as  would  justify  our  considering  them 
as  representing,  under  different  appearances,  contemporaneous  de- 

posits. And  with  regard  to  the  apparent  paradox  that  the  "  faune 
troisieme  "  during  its  later  phase,  nearest  in  point  of  time  to  the 
Devonian  fauna,  is  less  closely  connected  with  it  than  with  the 
lower  etages  E  and  F,  he  observes  that  his  investigations  prove  that 
each  class  of  fossils  shows  a  greater  or  less  number  of  specific 
connexions,  without  counting  the  constant  generic  connexions  be- 

tween the  etages  E  and  F  and  the  overlying  Gand  H;  and  consequently 
that,  in  a  palaeontological  point  of  view,  the  etages  G  and  H  completely 
maintain  their  Silurian  character,  and  are  only  associated  with  the 
Devonian  beds  by  those  ordinary  points  of  resemblance  which  occur 
during  any  given  geological  epoch  to  announce  the  following  period. 
I  have  already  pointed  out  the  object  of  the  second  portion  of  this 
work ;  but  I  cannot  take  leave  of  M.  Earrande,  to  whom  I  fear  I 
have  hardly  done  full  justice,  without  making  one  observation. 

"Whether  the  colonial  theory  of  M.  Earrande  be  right  or  wrong, it  is  impossible  not  to  see  in  all  his  observations  a  confirmation  of 
that  argument  which  has  often  been  supported  in  this  room,  and  to 
which  I  have  myself  more  than  once  ventured  to  allude,  viz.,  that 
in  formations  of  the  same  age,  although  separated  geographically  by 
greater  or  less  distances  from  each  other,  we  must  not  expect  to  find 
the  same  species  or  even  genera  always  appearing  at  any  given 
geological  horizon  simultaneously.  The  various  conditions  of  life, 

the  depth  of  the  sea,  the  difi'erent  proportions  of  calcareous  or 
siliceous  or  argillaceous  elements  in  the  deposit,  must  have  pro- 

duced a  difference  in  the  organic  contents  of  the  formation — a 
difference  which  may  often  have  shown  a  greater  intensity  in  neigh- 

bouring regions  than  in  such  as  are  separated  by  greater  distances 
in  space.  The  difference  caused  by  distance  in  time  has  always 
been  appreciated  by  geologists ;  but  that  caused  by  distance  in  space 
has  sometimes  been  overlooked,  not  so  much  perhaps  of  late  years  as 
formerly,  when  the  identity  or  non-identity  of  fossil  contents  was 
looked  upon  as  the  all-sufficient  reason  for  synchronizing  or  sepa- 

rating formations  occurring  at  a  considerable  distance  from  each 
other. 

Amongst  the  more  important  discoveries  of  last  year  I  must 
notice  that  of  Professor  Huxley,  who,  in  examining  some  reptilian 
remains  found  in  the  Kilkenny  Coal-field,  ascertained  the  exist- 

ence of  not  less  than  six  genera,  five  of  which  are  certainly  new, 
while  the  sixth,  according  to  Profesor  Huxley,  may  or  may  not  be 
identical  with  the  AntJiracosaurus  of  the  Scotch  Carboniferous  rocks. 
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The  five  new  genera  have  been  defined  in  a  notice  commnnicated 
to  the  Eoyal  Irish  Academy  by  Dr.  Wright^  on  behalf  of  Professor 
Huxley  and  himself,  under  the  names  of  Uroconchjlus,  OpJiiderjpetonj 
Ichthyerpeton,  Keraterpeton,  and  Lejpterjpeton.  Ophiderpeton  is  re- 

markable for  its  extremely  elongated  and  snake-like  form  ;  Icthyer- 
p)eton  for  its  fish-like  body  and  short  limbs  ;  while  Urocondylus,  Ke~ 
raterpeton,  and  Lepteipeton  have  Salamander-like  forms  and  well- 
developed  limbs.  In  all,  the  vertebrse  are  abundantly  ossified,  and 
there  are  no  traces  of  persistent  branchial  arches,  so  that  they  pre- 

sent very  important  diff'erences  from  Arclioegosaurus.  The  authors 
then  show  that  four  of  these  five  genera  present  unmistakeable  re- 

mains of  the  ventral  dermal  armour  characteristic  of  the  Labyrin- 
thodonts,  and  that  from  this  and  other  circumstances  there  can 
be  little  doubt  that  they  all  belong  to  that  group  of  extinct  Am- 

phibia. 
Professor  Huxley  informs  me  that,  up  to  the  time  when  these  di- 

scoveries were  made,  eight  genera,  in  all,  of  higher  organization  than 
fishes  were  known  to  occur  in  rocks  of  Carboniferous  age  in  Europe, 
and  five  in  America.  Of  the  eight  European  genera,  only  Arclice- 
gosauriis,  PJiolidog aster,  and  Anthracosaurus  were  known  by  more 
than  mere  fragments ;  nor  do  we  possess  at  this  moment  a  know- 

ledge of  the  nature  of  the  limbs  in  any  one  of  these  genera,  except 
Archcegosaurus.  The  five  American  genera  Baphetes,  Raniceps, 
Dendrerpeton,  Hylerpeton,  and  Hylonomus  were  much  more  fully 
known  ;  and  it  was  a  curious  problem  whether  further  research  in 
Europe  would  tend  to  reveal  the  existence  during  the  Coal-period  of 
small  Amphibia  with  well-ossified  vertebrae  and  well-developed  limbs, 
like  the  American  forms,  or  whether  it  would  show  that  the  Labyrin- 
thodonts  of  the  European  area  rather  adhered  to  the  Archoegosaurian 
type  already  known  to  occur  in  Europe,  but  not  hitherto  found  in 
America. 

So  far  as  the  Irish  discoveries  have  yet  gone  they  prove  the  existr- 
ence,  during  the  Carboniferous  epoch  of  Europe,  of  Amphibia  which, 

are  analogous  to,  though  altogether  distinct  from,  the  "  homotaxic  " 
American  Labyrinthodonts, — analogous  to  them  in  the  degree  of 
ossification  of  the  skeleton  and  development  of  the  limbs, — different 
from  them  not  only  in  detail,  but  in  the  existence  of  such  types  as 
Opldderpeton  and  Iclitliyerpeton,  which  have  at  present  no  parallel 
either  in  America  or  elsewhere." 

The  discoveries  of  the  last  five  years  show  that  the  Labyrinthodont 
Amphibia  were  as  largely  represented  and  as  well  developed  in  the 
Carboniferous  as  in  the  Triassic  formation.  Three  genera  are  known 
from  the  Permian  formation  of  Europe,  and  five  from  Asiatic,  African, 
and  Australian  rocks  of  an  age  which,  if  not  certain,  may  safely  be 
assumed  to  be  between  the  Carboniferous  and  Lower lEesozoic  periods. 

Professor  Huxley  concludes  these  observations  by  tbe  folloT^dng 

remark: — *' putting  all  these  facts  together,  it  would  appear  that 
the  Labyrinthodonts  represent  the  first  rope  of  the  bridge  which  will 
one  day  be  suspended  across  the  gulf  which  at  present  separates  the 

Palaeozoic  from  the  Mesozoic  fauna." 
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This  interesting  discovery  in  Ireland  affords  additional  confirma- 
tion of  the  correctness  of  the  theory  which  assumes  that  new  forms  of 

animal  life,  either  as  species,  as  genera,  or  as  classes,  were  created  or 
made  their  appearance  on  our  earth  at  the  time  when  the  conditions 
of  life  were  best  suited  to  their  existence,  and  that  they  were  formed 
with  an  organization  adapted  to  the  external  conditions  under  which 

they  were  to  live.  When  we  analyze  the  great  Carboniferous  de- 
posits, and  recognize  in  them  the  vast  tracts  of  ancient  swamps  and 

marshes  covered  with  the  rich  and  luxuriant  vegetation  which  they 
formerly  presented,  subject  to  the  gentle  oscillation  by  which  they 
were  alternately  submerged  beneath  the  ocean  and  slightly  raised 
above  the  level  of  its  waters,  we  find,  as  in  the  great  dismal  swamps 
in  some  of  the  Southern  States  of  North  America,  the  very  conditions 

of  life  most  suitable  for  reptilian  existence  ;  and  precisely  on  this^ho- 
rizon  they  appear  to  have  come  into  existence  not  in  one  or  two  vague 
forms  developed  out  of  previously  existing  ones,  but,  as  it  is  now 
shown,  in  a  great  variety  of  new  forms,  all  belonging  to  the  same 
reptilian  class,  varying  in  different  hemispheres,  but  presenting 
those  peculiar  characteristics  which  constituted  them  the  fit  inhabi- 

tants of  low  swampy  regions,  clothed  with  an  abundant  yet  varied 
vegetation.  Future  discoveries  will,  no  doubt,  in  time  add  to  the  list 
of  genera  and  to  our  more  perfect  knowledge  of  the  reptilian  fauna 
of  the  Carboniferous  age.  In  the  mean  time  we  may  congratulate 
ourselves  on  this  great  addition  to  our  knowledge  of  this  fauna,  for 
which  we  are  indebted  to  the  zeal  and  acumen  of  Professor  Huxley 
and  Dr.  Wright. 

In  the  ̂ Bulletin  de  la  Societe  Geologique  de  Prance'*  will  be 
found  an  interesting  account  of  the  history  of  the  discussion  respect- 

ing the  Carboniferous  formation  of  the  Alps,  by  Prof.  Alphonse  Pavre, 
of  Geneva,  in  which  he  describes  the  progress  of  the  discussion  which 
so  long  prevailed  respecting  the  age  of  the  anthraxiferous  formation 
of  the  Alps,  in  consequence  of  the  apparent  intermixture  or  alternation 
of  beds  containing  vegetable  impressions,  supposed  to  indicate  a 
Carboniferous  period,  with  beds  containing  Belemnites,  supposed  to  be 
of  Jurassic  age.  You  all,  no  doubt,  remember  the  numerous  memoirs 
published  on  this  subject,  and  of  which  a  very  full  account  was  given 

by  M.  Scipion  Gras  in  a  former  volume  of  the  '  Bulletin.' 
M.  Pavre  has  taken  up  the  subject,  and  has  carried  on  the  history 

to  the  latest  times.  He  divides  it  into  four  periods.  I  need  not 
trouble  you  here  with  any  notice  of  the  first  two  ;  and,  with  regard 
to  his  third  period,  I  will  only  observe,  that  it  extends  from  1858  to 
1860,  and  contains  an  account  of  aU.  the  observations  which  tended  to 
prove  the  existence  of  the  Triassic  formation  and  of  the  Infralias,  as 
weU  as  the  consequences  which  resulted  from  this  discovery.  He 
shows  that  the  existence  of  these  two  formations  created  such  a 

break  between  the  Lias  and  the  Coal-formation,  that  it  was  no  longer 
possible  to  admit  that  the  beds  in  question  could  belong  to  the  same 
age.  The  Trias  was  even  discovered  at  Petit  Coeur,  so  that  this 
locality  could  no  longer  be  claimed  as  a  proof  of  the  union  of  the 

^  2me  s^r.  vol.  xxii.  p.  59. 
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Lias  and  the  Coal-formation,  and  the  battle-field  of  the  discussion  was 
removed  to  St.  Jean  de  Maurienne.  The  fourth  period  extends  from 
1860  to  1863.  It  began  with  the  discovery  of  Nummulites  at 
Maurienne,  and  continued  to  the  close  of  the  discussion.  Then  it 
was  that  the  recognized  presence  of  the  Trias  and  the  Infralias,  as 
well  as  the  position  of  the  Nummulites  found  in  a  formation  hitherto 

considered  by  M.  Scipion  Gi^as  as  anthraxiferoiis,  combined  with  the 
mineralogical  character  of  the  rocks,  their  stratigraphical  position,  so 
long  misunderstood  owing  to  the  numerous  contortions  of  the  beds, 
and  the  fossils  which  they  contained,  proved  the  presence  of  the  real 
Carboniferous  formation  in  the  Alps. 

The  fact  was  generally  admitted  at  the  meeting  of  the  Prench 
Geological  Society  at  St.  Jean  de  Maurienne  in  1861.  The  same 
results  were  applied  to  Dauphine  and  Provence ;  and  finally  M.  Heer, 
who  had  so  completely  mastered  the  mystery  of  the  fossil  flora  of 
Switzerland,  published  in  1863  a  memoir  respecting  the  flora  of  the 
Carboniferous  formation  in  Switzerland  and  Savoy,  in  which  he 
showed  that  not  one  single  plant  of  the  Carboniferous  formation  of 
the  Alps  was  found  either  in  the  Lias  or  in  the  Trias. 

Is  it  not  a  curious  fact,  observes  M.  Pavre,  that  it  required  thirty- 
five  years  of  discussion  and  of  argument  to  clear  up  a  point  of 
Alpine  geology  ?  It  has  led,  however,  to  a  much  better  knowledge 
of  details ;  and  now  questions  relating  to  the  age  of  a  formation 
can  be  solved  as  well  in  the  Alps  as  in  the  neighbouring  countries, 

and  the  charge  of  backwardness  can  no  longer 'be  maintained  against the  geology  of  the  Alps. 
In  concluding  this  precis,  M.  Pavre  gives  a  list  of  the  various 

geologists  who  had  adopted  the  diff'erent  views  respecting  the  age  of 
the  anthraxiferous-beds  of  Switzerland.  In  this  list  he  places  my 
name  amongst  those  who  referred  this  formation  to  the  Lias.  Now 
although  there  can  be  no  discredit  in  being  placed  in  the  same 
category  with  such  names  as  Elie  de  Beaumont,  Sismonda,  CollegTio, 
Eoget,  (fee,  I  think  it  right  to  say  that  the  only  part  I  took  in  the 
discussion  was  this,  that  in  the  anniversary  address  which  I  de- 

livered from  this  chair  in  1856,  after  giving  a  sketch  of  M.  Scipion 

Gras's  memoir  on  the  subject,  I  stated,  on  the  strength  of  the  alleged 
superiority  of  evidence  derived  from  the  fauna  of  a  formation  as  to 

its  age,  over  that  derived  from  its  flora,  that ''  the  weight  of  evidence 
appears  to  be  in  favour  of  referring  the  whole  formation  to  the 

Jurassic  rather  than  to  the  Carboniferous  period," 
M.  Pavre  also  adds  that,  if  the  discussion  had  terminated  in 

the  contrary  sense,  the  whole  question  of  palaeontology  would  have 
had  to  be  seriously  modified.  If  it  had  been  proved  that  the  coal 
plants  were  still  living  during  the  Liassic  period,  the  value  of  fossil 
botany  would  have  been  destroyed,  as  it  would  no  longer  have  served 
to  characterize  a  formation.  The  labours  of  Prof.  Heer  have  saved 
us  from  this  catastrophe. 

"With  reference  to  this  question  I  may  also  direct  your  attention 
to  another  memoir  in  the  same  number  of  the  '  Bulletin '  by  M. 
Lory,  in  which  he  endeavours  to  explain  the  stratigraphical  anomaly 
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of  Petit  Coeur  in  the  Tarantaise.  The  locality  is  a  very  limited  one, 
and  the  phenomena  cannot  be  explained  by  inversion  of  the  strata, 
or  by  a  turning  over  of  the  different  beds.  After  describing  the  prin- 

cipal facts,  he  shows  that  the  anomalous  position  of  these  beds, 
which  had  caused  so  much  difference  of  opinion  amongst  geologists, 
was  owing  to  two  faults,  one  general  and  the  other  local,  and  to  the 
slipping  or  sliding-in  of  overlying  beds  into  the  cavities  thus  caused, 
and  so  bringing  the  Upper  Lias  beds  in  immediate  contact  with  the 
Coal-measures,  and  even  the  underlying  crystalline  rocks. 

Neither  time  nor  space  would  allow  me  to  go  through  the  numer- 
ous works  which  the  industry  of  the  German  geologists  have  pro- 

duced on  those  portions  of  the  secondary  series,  the  Triassic  and 
Liassic  formations,  which  are  so  extensively  developed  in  the  Alps 
and  in  Germany  itself.  It  would  require  volumes  to  do  justice  to 
them  all.  I  must  therefore  confine  myself  to  a  slight  allusion  to 
some  of  the  more  interesting  memoirs  which  have  come  under  my 
notice  ;  and  in  doing  this  1  feel  it  is  impossible  to  withhold  an 
expression  of  admiration  at  the  zeal  and  energy  with  which  these 
investigations  have  been  pursued  in  so  many  different  parts  of  Ger- 

many. It  is  not  that  one  eminent  palaeontologist  has  directed  his 
attention  to  this  subject,  but  a  whole  army  of  eager  and  enthusiastic 
explorers,  animated  by  the  recent  rapid  accumulation  of  facts,  by 
the  discovery  of  new  fossils,  and  by  the  greater  accuracy  with  which 
the  different  fossil-bearing  strata  have  been  distinguished,  seem  to 
have  come  forth  from  every  corner  of  Germany,  each  taking  up  some 
special  branch,  and  in  the  end  almost  overwhelming  us  with  the 
mass  of  accumulated  results. 

Professor  Giimbel  has  published  a  very  important  memoir  on  the 
geological  conditions  of  the  Triassic  district  of  Pranconia.  After 
describing  the  topographical  features  of  the  district  under  conside- 

ration, he  gives  a  general  account  of  all  its  geological  features, 
showing  that  the  crystalline  rocks  (Urgebirgs-felsarten)  of  the  Oden- 
wald  form  the  basis  of  the  whole  system.  The  Silurian,  Devonian, 
and  Carboniferous  systems  are  wanting  in  this  district.  The  con- 

glomerates of  the  Dyas  (Rothtodtliegendes)  rest  immediately  on  the 
Urgebirge  and  form  the  basis  of  the  Triassic  formation  (Bunter  Sand- 
stein,  Muschelkalk,  and  Keuper),  which  fills  up  the  whole  region 
between  the  crystalline  rocks  of  the  Odenwald  and  the  Hercynian 
mountain-system.  It  is  well  known  that  all  the  rocks  of  the  Pran- 
conian  Alps  rest  upon  this  Triassic  surface,  and  form  a  kind  of  insular 
continent  in  the  Keuper  district. 

The  different  beds  and  rocks  throughout  this  region,  with  their 
characteristic  fossils,  are  then  carefully  described ;  after  which  the 

author  makes  the  following  general  remarks : — "  The  long  period  of 
time  during  which  the  massive  rocks  of  the  Jurassic  formation  were 

gradually  deposited  in  eastern  Pranconi a,  passed  away  without  leav- 
ing any  additions  to  the  rock-formations  in  the  greater  part  of  the 

western  district.  Western  Pranconia  was  a  continent  of  dry  land 

during  this  period  of  the  formation  of  the  earth's  crust.  Not  until 
the  Tertiary  period  did  this  district  again  share  in  those  changes  and 
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convulsions  which  were  constantly  going  on — sometimes  here  and 
sometimes  there — over  the  whole  surface  of  the  earth.  It  is,  how- 

ever, comparatively  only  a  small  portion  of  the  Franconian  region 
which  took  part  in  these  changes  during  the  Tertiary  period ;  hut  the 
new  formations  are  of  so  gigantic  a  character  that  they  make  up  in 
intensity  for  what  may  be  wanting  in  extent.  To  these  phenomena 
belong  the  volcanic  formations,  which  were  developed  within  the  dis- 

trict of  the  Ehon  mountains  ;  they  form  a  link  in  that  great  chain  of 
volcanic  operations  which  connects  the  central  mountains  of  Bohemia 
through  the  Fichtelgebirge  on  the  one  hand,  and  through  the  Yogelsge- 
birge  and  the  Wester wald  on  the  other,  with  the  Siebengebirge. 

Dr.  Waagen  has  endeavoured  in  a  short  memoir  to  give  us  a  general 
classification  of  the  beds  of  the  Upper  Jurassic  formation,  taking  as 
his  basis  the  classification  of  English  geologists,  as  the  first  which 
was  founded  on  a  more  accurate  knowledge  of  the  diiferent  beds, 
although  he  doubts  whether  the  names  which  were  sufficiently 
appropriate  in  the  localities  to  which  they  were  originally  applied, 
are  equally  so  when  applied  to  large  areas  where  the  same  beds  either 

assume  a  diff'erent  petrographical  fades  or  are  characterized  by  a 
distinct  or  abnormal  fauna.  After  describing  the  various  local  hori- 

zons from  the  Portland  Stone  to  the  Oxford  Clay,  he  endeavours  to 
establish  a  comparison  between  the  English  beds  and  those  on  the 
continent,  which  are  assumed  to  be  their  representative  zones.  The 
following  table  shows  how  he  groups  these  formations  : — 

i 

§ 

1 

Local  Horizons. English  Divisions. 

Zone  of  Trigonia  gihhosa    .  . 
r  1.  Portland  Stone. 

\2.  Portland  Sand. 

Eegion  of 
Orhicula  latissima  and 

Acanthoteuthis  speciosa   .  . 

)>3.  Kimmeridge  Clay. 
Eegion  of 

Ammonites  mutabilis  and 

Exogyra  virgula       

Eegion  of 
Ammonites  alternans  and 

Rhynchonella  inconstans 

Eegion  of 
Cidaris  fioiigemma       

f  4.  Upper  Calcareous  Grit. 
\  5.  Oxford  Oolite. 

Eegion  of 
Ammonites  MarteUi      \  6.  Lower  Calcareous  Grit. 

Eegion  of 
Ammonites  hiarmatus     .... 

}  7.  Oxford  Clay. 
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I  must  also  notice  the  work  of  Dr.  Ferdinand  Stoliczka,  entitled 

*  A  Revision  of  the  Gasteropoda  of  the  Gosau  beds  in  the  Eastern 
Alps.'  This  memoir  was  written  in  Calcutta,  where  the  author  is 
one  of  that  band  of  geologists  who,  under  the  superintendence  of 
Prof,  Oldham,  are  working  out  the  geology  of  India.  Having  col- 

lected in  the  Gosau  district  a  vast  amount  of  material  before  his 

departure  for  the  East  Indies,  he  has  been  induced  to  publish  his 
observations  in  consequence  of  what  he  considers  the  great  errors  in 

Herr  Zekeh's  account  of  the  Gosau  Gasteropoda ;  and  it  was  with  a 
view  of  rescuing  geological  science  from  these  errors,  some  of  which 
are  pointed  out,  that  he  undertook  the  critical  examination  of  these 
species,  which  have  been  too  hastily  increased  in  number  by  Zekeh 
from  124  to  193  species. 

With  regard  to  this  formation,  I  will  only  quote  one  sentence  from 

Dr.  Stoliczka's  work,  to  show  one  fades  of  the  Gosau  deposit.  "It 
is  well  known  that  during  some  one  of  the  elevations  of  the  calca- 

reous rocks  of  the  Alps,  after  the  deposition  of  the  Lower  Chalk,  the 
calcareous  crust  was  cracked  and  opened  out  in  numerous  directions. 
These  fractures  extended  downwards  to  the  'hunter  Sandstein.' 
The  sea  of  the  Upper  Chalk  period  penetrated  these  openings,  took 

up  its  material  chiefly  from  the  '  hunter  Sandstein,'  and  deposited 
it  again  under  a  somewhat  altered  form.  This  is  the  reason  why 

our  Gosau  beds  generally  rest  immediately  on  the '  hunter  Sandstein,' 
and  why  it  is  often  no  easy  task  to  decide  what  is  Gosau  deposit  and 

what  belongs  to  the  '  hunter  Sandstein.'  The  occurrence  of  fossils 
affords  the  easiest  and  safest  solution  of  the  question.  The  Gosau 
beds  were  thus  deposited  in  bays  and  inlets  of  the  sea,  which,  how- 

ever, had  a  far  greater  extension  than  now  appears ;  not  only  the 
abundance  and  variety  of  the  fauna,  but  positive  proof  derived  from 
the  conditions  of  the  deposit  leave  no  doubt  on  this  point.  Mighty 
rivers  soon  emptied  themselves  into  these  bays,  and  drove  away  the 
true  marine  fauna.  A  peculiar  molluscous  fauna  developed  itself  at 
the  mouth  of  these  rivers  with  species  of  Cerithium,  Potamides, 
Nerita,  and  Omphalia,  accompanied  no  doubt  by  numerous  fish  and 

gigantic  Saurians."  He  further  shows  that,  under  the  influence  of 
this  great  addition  of  fresh  water,  the  water  itself  became  brackish, 
or  alternately  marine  and  lacustrine.  By  degrees,  the  marine 
fauna  was  checked  and  driven  more  towards  the  middle  of  the  sea, 
where  it  was  powerfully  developed  in  the  neighbourhood  of  islands 
or  in  other  favourable  localities. 

I  would  also  have  given  some  account  of  the  following  papers,  had 
time  permitted : — 

"  On  the  Cephalopod  family  Acanthoteuthis/^  by  Prof.  Ed.  Suess, 
read  at  the  meeting  of  the  Imperial  Academy  of  Sciences  on  March 
16,  1865. 

"  On  the  Formation  of  the  Bunter  Sandstein  and  Muschelkalk  in 

upper  Silesia  and  its  Fossils,"  by  Dr.  Henry  Eck. 
''On  the  Tithonic  Etage,"  by  Prof.  Oppel  of  Munich,  published 

in  the  journal  of  the  German  Geological  Society,  1865.  This  for- 
mation is  intermediate  between  the  Upper  Jurassic  and  Lower  Cre- 

voL.  XXII.  e 
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taceous  beds,  and  the  author  defines  it  more  strictly  as  occurring 
between  the  Kimmeridge  and  lower  Neocomian  beds.  It  refers  to 

certain  Alpine  deposits  containing  Cephalopoda,  probably  corre- 
sponding with  Portland,  Purbeck,  and  Wealden  beds,  but  of  which  the 

exact  parallelism  has  not  yet  been  sufficiently  made  out. 

"  On  the  Fauna  of  the  St.  Cassianbeds,  being  a  Supplement  to  the 
Palaeontology  of  the  Trias  of  the  Alps,"  by  Gustav  Laube,  in  two 
parts,  the  first  of  which  contains  a  description  of  the  Sjpongitaria, 
Corals,  Echinidce,  and  Crinoidce,  with  10  plates;  the  second  part 
contains  the  Brachiojpoda  and  Bivalves,  also  with  10  plates. 

"  The  position  of  the  Raibl  beds  in  the  Franconian  and  Suabian 
Keuper,"  by  Prof.  F.  Sandberger. 

With  reference  to  the  much  discussed  question  of  the  true  position 
of  the  Avicula-Gontorta  beds,  to  which  I  alluded  on  a  former  occa- 

sion, I  find  in  the  '  Bulletin  de  la  Societe  Geologique  de  France,' 
2nd  ser.  vol.  x-xii.  p.  369,  an  interesting  communication  by  M.  Jules 
Martin,  entitled  "  The  Ehaetic  formation  or  Avicula-contorta  zone ; 
its  petrographical,  stratigraphical,  and  palaeontological  constitution 

in  the  different  parts  of  Europe  where  it  has  been  studied."  Dis- 
satisfied with  many  of  the  results  of  previous  investigations,  M. 

Martin  determined  to  go  fully  into  the  whole  question,  the  result 
of  which  has  since  been  published.  In  the  meantime  he  here 
gave  a  general  resume  of  what  appeared  to  him  the  real  state  of  the 
case,  after  examining  the  data  observed  in  diiferent  countries  in 
a  mineralogical,  stratigraphical,  and  palaeontological  point  of  view. 

After  describing  the  mineralogical  character  of  the  beds  in  question 
in  different  parts  of  Europe,  he  comes  to  the  conclusion  that  the 
petrographical  constitution  of  the  zone  is  always  dependent  on  the 
nature  of  the  underlying  beds,  or  of  the  coasts  which  were  washed 
by  the  seas  of  this  distant  period.  A  coarse  sandy  conglomerate 
when  in  contact  with  the  crystalline  rocks,  becomes  a  fine  sand 
when  it  succeeds  the  grit  of  the  Keuper,  and  marly  limestone  when 
it  rests  upon  the  variegated  marls  and  other  argillaceous  beds.  Thus 
it  often  happens  that  the  lower  beds  resemble,  and  even  alternate 
with,  the  Keuper  for  a  certain  time,  and  then  in  the  upper  portion 
pass  by  a  regular  transition  into  the  overlying  Lias.  Mineralogically, 
therefore,  there  is  no  evidence  to  show  that  it  belongs  to  the  Lias  or 
to  the  Keuper  absolutely. 

The  same  may  be  said  respecting  the  stratigraphical  evidence. 
With  the  exception  of  a  few  local  cases  of  a  very  limited  character, 
there  does  not  appear  to  have  been  any  violent  or  cataclysmal  dis- 

turbance, either  at  the.  beginning  or  at  the  end  of  the  Avicula-con- 
torta period.  In  general,  these  beds  are  found  to  be  in  a  position  of 

conformable  stratification,  both  with  the  Keuper  and  with  the  Lias. 
The  palaeontological  evidence  is  more  important.  M.  Martin  has 

carefully  examined  all  the  lists  given  by  the  different  authors  who 
have  written  on  the  subject,  and  endeavours  to  show  how  many 

species  and  genera  are  common  to  the  Keuper  and  the  Avicula-con- 
torta zone,  how  many  are  peculiar  to  this  zone,  and  how  many  it 

contains  in  common  With -the  overlying  Lias.     After  eliminating 
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useless  synonyms,  he  proceeds  to  examine  the  geological  limits  now 
known  of  the  149  genera,  to  which  belong  the  535  species  which 
form  the  fauna  of  this  formation.  He  thus  iSnds  that  only  12  of 
these  genera,  containing  37  species,  belong  to  the  Palaeozoic  and  Tri- 
assic  formations,  and  appear  for  the  last  time  in  this  zone ;  that  47 
other  genera,  comprising  71  species,  appear  here  for  the  first  time, 
and  extend  in  great  numbers  into  the  Jurassic  series  ;  that  some  are 
peculiar  to  this  horizon,  and  that  the  remainder  are  common  both  to 
the  overlying  and  underlying  beds.  From  these  lists  alone,  we  find 
that  the  greater  preponderance  of  forms  connects  this  zone  with  the 
Lias  rather  than  with  the  Keuper.  He  then  analyzes  the  different 
classes  with  the  same  general  result,  except  in  the  case  of  the  Bra- 
chiopods,  which  show  a  greater  af&nity  to  the  Keuper  than  to  the 
Lias. 

Again,  looking  at  the  question  with  regard  to  species,  he  finds  a 
far  greater  number  identical  with  the  Lias  than  with  the  Keuper, 
and  this  with  reference  to  the  flora  as  well  as  to  the  fauna.  The 
next  question  is  whether  this  zone  is  to  be  considered  as  a  distinct 
formation  or  merely  as  the  lowest  member  of  the  Liassic  series. 
There  can  be  no  doubt,  according  to  M.  Martin,  that  the  number  of 
organic  forms  which  appear  for  the  first  time  at  this  horizon  is  too 
great  and  too  important  not  to  be  considered  as  characteristic  of  a 
distinct  epoch;  at  the  same  time  it  is  essentially  Jurassic  in  its 
character,  and  should  therefore  be  considered  as  the  lowest  member 
of  the  Jurassic  series.  The  author  concludes  his  paper  with  a  series 
of  propositions  involving  in  a  concise  manner  the  arguments  above 
recorded,  but  which  it  is  hardly  necessary  to  repeat  on  this  occasion. 
I  will  merely  add  that  he  gives  a  list  of  sixteen  species  common  to 
the  Avicula-contorta  zone  and  to  the  Trias,  as  well  as  another  list  of 
fifty-seven  species  common  to  this  zone  and  the  Liassic  formation. 

Dr.  Benecke,  of  Heidelberg,  in  his  work  on  the  "  Trias  and  Jura 
in  the  Southern  Alps,"  published  during  the  present  year  at  Munich 
in  the  '  Geognostisch-pala^ontologische  Beitrage,'  has  taken  another 
view  of  this  question,  and  endeavours  to  show,  in  opposition  to  the 
views  of  Eenevier,Stoppani,and  others,  that  the  Ehsetic  beds  including 
the  Avicula-contorta  zone,  should  be  referred  to  the  Trias  rather  than 
to  the  Lias.  He  denies  that  the  Infralias  possesses  that  peculiar 
character  which  justifies  its  being  considered  as  a  distinct  form.ation 
intermediate  between  the  Tiias  and  Lias.  But,  independently  of  this 
question,  the  work  of  Dr.  Benecke  contains  much  valuable  informa- 

tion respecting  the  stratigraphical  details  of  these  formations,  and 
the  comparison  of  those  of  Lombardy  with  those  of  Southern 
Germany.  Nor  is  the  palseontological  element  overlooked.  The 

forms  of  animal  life  of  the  difi'erent  strata  are  carefully  compared, 
and  the  whole  argument  is  mainlj^  based  on  sections  which  he  has 
himself  observed  in  the  different  districts  he  describes. 

On  a  former  occasion  I  gave  yon  some  account  of  the  observations 
of  M.  Eenevier  on  the  Infralias  or  Ehsetic  beds  in  the  neighbour- 

hood of  the  Lake  of  Geneva.  He  has  since  published  an  account  of 
the  geological  formation  of  the  Oldenhorn,  a  peak  which  rises  to  the 

e2 
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height  of  3124  metres  a  little  to  the  eastward  of  the  Diablerets.  A 
short  notice  of  this  wUl  not,  I  think,  be  uninteresting,  as  giving  a 
clear  explanation  of  some  of  the  complicated  structures  of  the 
secondary  beds  in  this  portion  of  the  Alpine  chain.  After  describing 
the  orographical  limits  of  what  he  calls  the  massif  of  the  Oldenhom, 
which  is  separated  by  a  fault  from  the  Col  de  Pillon  on  the  north 
or  north-west,  he  describes  the  different  formations  of  which  the 
northern  slope  of  the  mountain  consists.  These  are  broken  into 
several  alternating  anticlinal  and  synclinal  masses,or,as  he  calls  them, 
combes  and  vallons,  or  saddles  and  troughs  as  they  are  sometimes 
called.  It  forms  a  portion  of  the  Cretaceous  and  Nummulitic  zone  of 

the  Alps.  The  principal  nucleus  of  the  formation  is  JSTeocomian,  par- 
tially covered  over  by  the  Urgonian  limestone,  resting  on  which  are 

occasionally  found  fragments  of  the  Nummulitic  beds,  these  generally 
occur  in  the  troughs  formed  by  the  synclinal  arrangement  of  the 
Urgonian  limestone.  Without  going  into  all  the  details  given  by 
the  author,  it  may  suffice  to  say  that  these  beds,  which  are  sometimes 
seen  in  an  almost  horizontal  position,  become,  higher  up  the  moun- 

tain, completely  vertical  or  even  sometimes  slightly  inverted  to- 
wards the  north.     This  alternation  is  repeated  several  times. 

This  remarkable  arrangement,  he  observes,  is  precisely  similar 
to  the  saddles  and  troughs  of  the  Jurassic  chain,  with  this  difference, 
that  the  system  of  contortion  which  in  the  Jura  has  a  horizontal 
base,  must  be  referred  in  the  Alps  to  a  highly  inclined  base  line, 

so  that  the  two  sides  of  a  trough  which  in  the  Jura  "  are  symme- 
trically inclined,  become  in  the  Alps  the  one  horizontal,  and  the 

other  vertical."  This  is  well  shown  in  his  section  of  the  Sanetsch, 
where  he  has  drawn  an  inclined  ideal  base  line,  which,  when  placed 
in  a  horizontal  position,  reduces  the  Alpine  contortions  and  inversions 
to  simple  Jurassic  undulations  ;  by  this  means  the  structure  of  the 
Alpine  beds  is  wonderfully  simplified,  and  throws  an  interesting  light 
on  the  mode  of  elevation  of  the  chain  of  the  Alps.  Here,  at  least,  it 
appears  that  the  elevation  of  the  Alps  presents  two  principal  elements. 
The  first  action  formed  the  undulations  of  the  beds,  producing  a 
structure  analogous  to  that  of  the  Jura;  by  the  second,  the  whole 
mountain-mass  underwent  an  unequal  amount  of  elevation  starting 
from  the  centre  of  the  chain,  producing  an  inverse  effect  on  the  un- 

dulating beds,  raising  up  and  overturning  some,  while  others  were 
brought  into  a  horizontal  position.  This  semi-jurassic  orography 
has  given  him  the  key  to  other  stratigraphical  arrangements  in  the 
Alps,  even  more  complicated  and  unusual. 

The  author  then  proceeds  to  describe  the  various  formations,  the 
most  recent  of  which  is  the  Nummulitic,  which  consists  of  four  dis- 

tinct beds,  and,  as  I  have  observed,  always  occurs  in  the  troughs 
formed  by  the  synclinal  Urgonian  limestone.  He  mentions  various 
points  where  it  is  seen,  and  the  different  fossils  by  which  it  is  cha- 

racterized. Several  species  of  CeritJiium  are  abundant  in  the  lowest 
bed. 

The  next  formation  is  the  Urgonian.  No  traces  of  the  Cenoma- 
nian,  Gault,  Aptian,  or  Ehodanian  have  been  here  found.     The  Ur- 
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gonian  formation  consists  chiefly  of  a  white  compact  limestone.  In 
its  fracture  it  is  slightly  crystalline,  sometimes  white,  but  more  fre- 

quently of  a  greyish  hue,  and  except  by  its  fossils  is  often  hardly  to 
be  distinguished  from  the  Nummulitic  limestone.  Wherever  the 
Urgonian  beds  are  broken  through  in  the  anticlinal  saddles,  a  mass 
of  brown  schists  rises  up  below  them.  The  author  attributes  them 
to  the  Neocomian  formation  on  account  of  the  fossils  they  con- 

tain, as  Belemnites  pistiliformis,  Blainv.,  B.  dilatatus,  Blainv.,  Ostrea 

rectangularis,  Eom.,  a,  ■  Hamite,  and  a  Terebratula  resembling  T. 
pseudojurensis,  Leym  ;  at  the  same  time  he  is  not  prepared  to  say 
that  other  older  beds  may  not  also  be  associated  with  the  Neocomian. 

To  the  N.  or  N.W.  of  the  Oldenhorn  rises  the  Col  de  Pillon, 
separated  by  a  fault  which  follows  the  line  of  the  river  Dard  to  a 
well  known  spot  called  Sur  Pillon.  The  beds  to  the  north  of  this  fault 
consist  of  alternating  bands  of  gypsum  and  Corgneule  or  Rauchwacke, 
which,  in  accordance  with  the  views  of  Prof.  A.  Favre,  the  author 
considers  as  belonging  to  the  Triassic  group.  He  has  traced  them 
to  a  considerable  distance  from  the  Plan  des  Isles  to  the  eastward. 

It  is  difficult  to  make  out  their  stratification ;  M.  Benevier  suspects 
that  they  represent  repeated  undulations  of  the  same  beds.  They 
are  in  part  concealed  under  erratic  deposits,  and  appear  to  be  over- 

lain by  the  sandstones,  schists,  and  conglomerates  of  Palette  du 
Mont,  the  highest  point  of  the  mountain-mass  to  the  north,  and 
which  is  laid  down  as  Elysch.  No  fossils  have  been  found  in  these 
beds,  nor  in  the  gypsum  or  Corgneide  of  the  Col  de  Pillon.  The 
latter  is  generally  more  or  less  cellular,  and  the  gypsum  varies  from 
white  to  grey. 

Amongst  the  valuable  works  which  have  been  published  in  Switzer- 
land, I  may  also  mention  that  of  W.  A.  Ooster  on  the  "  Petrifications 

remarquables  des  Alpes  Suisses,"  in  which  he  gives  a  full  synopsis of  all  the  fossil  Echinoderms  which  have  hitherto  been  discovered  in 

the  Alps  of  Switzerland.  The  work  is  illustrated  by  twenty-nine 
plates  of  fossils,  and  professes  to  give  a  description  of  all  the  species 
hitherto  known,  from  the  Infraliassic  beds  upwards  to  the  Tertiary 
formations,  amounting  in  the  whole  to  193  species,  which  are  thus 
distributed: — Trias  3,  Infralias  4,  Lias  4,  Jurassic  27,  Cretaceous 
93,  and  Tertiary  Q2  species. 

In  the  last  year's  volume  of  the  '  Zeitschrift  der  Deutschen  Geolo- 
gischen  Gesellshaft '  will  be  found  an  interesting  account  of  a  visit 
to  the  copper-mines  of  Monte  Catini  in  Tuscany,  and  to  some  other 
places  in  their  neighbourhood,  by  Herr  von  Eath,  of  Bonn.  The 
mineralogical  and  physical  features  of  the  country  are  well  pour- 
trayed,  as  well  as  the  different  geological  formations.  The  sterile 
aspect  of  the  Pliocene  clay-hills,  on  which  every  attempt  at  culti- 

vation has  failed,  is  graphically  described,  and  we  have  also  a  full 
account  of  the  Borax  Lagoons  (Lagoni)  of  Monte  Cerboli. 

There  is,  however,  one  passage  in  this  memoir  which  has  surprised 
me.  In  describing  the  well-known  statuary  marble  of  Carrara,  which 
belongs  to  the  Lias  formation,  the  author  says  that  in  the  Apuan  Alps 
the.  finest  statuary  marble  occurs  in  large  lenticular  masses,  which 
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are  surrounded  bj  a  husk  or  crust  containing  much  mica  or  talc  and 
other  substances,  and  are  imbedded  in  the  common  crystalline  lime- 

stone. This  husk  is  called  "  Madre-macchia ;"  and  the  more  it  is 
developed,  the  purer  is  the  marble  within. 

This  is  precisely  the  manner  in  which  the  pure  white  alabaster  of 
Florence  is  found  in  the  gypsum -quarries  of  Castellina,  as  I  have 
already  described  it  *.  I  have  also  visited  the  marble-quarries  of 
Carrara  but  never  observed  this  peculiar  structure  there.  No  doubt 
the  marble  varies  much  in  quality  in  different  localities  and  on  dif- 

ferent hills,  but  it  always  occurs  in  large  amorphous  fissured  masses, 
all  trace  of  stratification  being  removed  by  the  metamorphism  it  has 
undergone.  If  the  author  has  not,  as  I  suspect,  confounded  the 

structure  of  the  alabaster  with  that  of  the  statuary-marble,  it  will 
be  a  curious  coincidence  to  find  that  both  occur  under  such  similar 

circumstances.  The  explanation  of  this  structure  given  by  the  author 
is  no  doubt  correct,  viz.,  that  during  the  metamorphosis  of  the  lime- 

stone or  gypsum,  the  foreign  particles  mixed  up  with  it  were 
driven  out  by  chemical  action  and  formed  the  Madre-macchia ;  and 
the  more  this  was  done,  the  more  perfect  was  the  marble  or  ala- 
baster. 

Prof.  Eeuss  has  published  in  the  '  Transactions  of  the  Imperial 
Academy  of  Sciences  at  Yienna,'  a  paper  on  a  portion  of  the  fauna 
of  the  Upper  Ohgocene  formation  of  Germany,  viz.  the  Foramini- 

fera,  Anthozoa,  and  Bryozoa.  The  author's  former  works  on  these 
minute  forms  are  well  known ;  and,  after  alluding  to  the  previous 
partial  publications  of  other  authors,  he  observes  that,  owing  to  the 
large  mass  of  materials  placed  in  his  hands  by  numerous  palaeonto- 

logists as  the  results  of  recent  investigations,  including  all  the 
known  German  localities  of  Upper  Oligocene  beds,  he  has  been 
enabled  to  compile  a  complete  view  of  the  whole  Foraminiferous, 
Anthozoan,  and  Bryozoan  fauna  of  the  Upper  Oligocene.  Should 
future  researches  lead  to  the  discovery  of  a  few  more  species,  they 
would  only  fiU  up  gaps,  but  in  no  way  effect  any  important  change 
in  the  general  view  of  the  question.  Before  describing  the  indivi- 

dual species  he  makes  the  following  remarks  : — 
1.  Foraminifera. — Hitherto  142  species  have  been  observed,  with 

two  remarkable  varieties.  Of  these  only  5,  which,  moreover,  are 
very  scarce,  belong  to  the  division  with  siliceous  shells ;  16  species 
have  a  thick  calcareous  shell  without  pores ;  the  great  majority, 
viz.,  121  species,  have  a  calcareous  poriferous  shell. 

From  the  table  of  genera  it  appears  that  the  Ehabdoidese  (with 
21  species),  the  Cristellaridese  (with  25  species),  the  Polymorphini- 
dese  (with  40  species),  and  the  Rotalidese  (with  19  species)  are  the 
most  abundant.  The  genera  containing  the  greatest  number  of 
species  are,  Cristellaria,  jRohulina,  Olohulina,  Polymorphina,  and 
Rotalia.  He  then  adds  a  list  of  those  species  which  are  the  most 
abundant  and  characteristic  of  the  whole  fauna,  the  more  so  as 
they  are  almost  all  peculiar  to  the  Upper  Oligocene. 
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He  then  arranges  all  tlie  species  in  a  tabular  form,  showing  not 
only  their  vertical  range  in  the  different  Tertiary  stages  in  which 
they  occur,  but  also  their  horizontal  development,  viz.  the  different 
Upper  Ohgocene  deposits  in  which  they  have  hitherto  been  found. 
This  Hst  shows  that  the  Ahnegraben  near  Cassel  has  alone  afforded 
88  species,  the  greater  part  of  which  are  only  found  in  few  localities. 
Very  few  species  have  a  wide  distribution.  With  regard  to  the 
vertical  distribution,  67  species  have  been  found  only  in  the  Upper 
Oligocene,  to  which  they  seem  peculiarly  to  belong ;  47  species  de- 

scend into  the  Mic'^l^^  Oligocene  or  Septaria  Clay,  and  of  these  5 
reach  the  Miocene,  3  the  Pliocene,  and  1  species  is  still  living.  Alto- 

gether the  Upper  Oligocene  has  42  species  in  common  with  the 
Miocene,  5  of  which  extend  into  the  Pliocene  and  10  are  still  living. 

*'  Taking  all  these  facts  into  consideration,"  observes  Prof.  Eeuss, 
"  we  come  to  this  conclusion,  that  the  Eoraminiferous  fauna  of  the 
Upper  Oligocene  beds  is  very  peculiar,  and  easily  recognized  under 
all  circumstances.  The  marks  of  distinction  are  partly  common, 
partly  special :  the  former  rest  on  the  remarkable  preponderance  of 
various  PolymorpliinidecB  and  Cristellaridece,  and  on  the  abundance 
of  the  otherwise  scarce  Flahellinoe ;  the  latter  on  the  numerous 

species  peculiar  to  the  Cassel  beds,  amongst  which  the  above-men- 
tioned 17  species  are  remarkable,  partly  for  the  great  abundance  of 

individuals,  and  partly  for  their  distribution  over  almost  all  the 

Upper  Oligocene  localities." 
The  author  then  gives  a  description  of  all  the  observed  species, 

with  their  situation,  history,  and  localities,  and  adds  five  well-exe- 
cuted plates  of  figured  illustrations. 

2.  Antliozoa. — Only  seven  species  have  hitherto  been  found  which 
can  safely  be  referred  to  the  Cassel  beds ;  others  may  perhaps  be 
found  by  other  authors,  but  the  characteristic  evidence  is  still  incom- 

plete. Of  these  7  species,  3  belong  to  the  Caryophyllidece,  3  to 
the  Turhinolice,  and  1,  viz.  Cryptaxis  alloporoides,  to  the  Madri- 
poridece.  Fragments  of  other  species  have,  however,  been  found 
too  imperfect  to  describe,  and  authors  have  also  quoted  some  which 
Prof.  Eeuss  has  not  had  an  opportunity  of  examining ;  the  whole 
number  is  therefore  probably  greater.  The  author  then  gives  a 
detailed  account  of  the  different  species  at  present  known  to  him. 

3.  Bryozoa. — These  are  much  more  numerous  in  the  Cassel  beds 
alone.  The  author  is  already  acquainted  with  73  species,  and  there 
are  probably  others.  A  tabular  statement  of  their  different  locali- 

ties then  follows,  from  which  it  appears  that  they  are  very  un- 
equally distributed.  Thirty-seven  species  have  been  found  at  Ast- 

rupp  and  28  at  Luithorst.  It  is,  however,  worthy  of  notice,  that 
many  of  these  Bryozoa  extend  through  several  stages  of  the  Ter- 

tiary formation,  and  they  must  therefore  have  continued  to  exist 
through  a  long  period  of  time.  This  is  in  direct  opposition  to  the 
opinion  of  E.  A.  Eomer,  who  has  stated  that  each  species  of  Bryozoa 
is  peculiar  to  one  Tertiary  formation,  and  that  any  one  Bryozoon  is 
sufficient  to  fix  the  age  of  the  formation  in  which  it  is  found.  This 
Prof.  Eeuss  considers  to  be  an  error.     Then  follows  the  detailed 
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account  of  the  individual  species.  It  must  also  be  stated  that  the 
work  is  accompanied  by  15  plates  of  illustrations. 

Although  perhaps  more  interesting  in  an  ethnological  than  in  a 
geological  point  of  view,  we  cannot  altogether  exclude  from  our 
notice  the  phenomena  attending  the  first  appearance  of  Man  on  our 
planet.  The  discoveries  of  the  last  few  years  have  satisfactorily 
shown  that  the  opinions  formerly  entertained  of  a  great  break 
existing  between  the  period  when  the  now  extinct  races  of  Mam- 

malia dwelt  in  our  land,  and  the  first  creation  of  Man,  are  no  longer 
tenable.  Here  also  we  have  been  obliged  to  give  up  the  theory  of 
great  breaks  between  successive  formations.  As  we  find  a  gradual 
passage  from  one  geological  formation  to  another  evidenced  by  the 
gradual  dying  out  of  the  pre-existing  forms  of  animal  hfe,  and  the 
gradual  introduction  of  newer,  and  generally  higher,  forms  (although 
we  do  not  yet  understand  the  law  of  such  progressive  changes),  so, 
when  we  come  to  the  most  recent,  or  Quaternary,  periods  in  geolo- 

gical chronology,  we  find  evidence  of  Man's  existence  on  the  earth 
before  the  final  disappearance  of  those  varied  forms  of  mammalian 
life  which  have  hitherto  been  generally  looked  upon  as  belonging 
to  the  final  period  of  the  geological  cycle.  Thus  Man  of  the  present 
day  is  connected  by  an  almost  unbroken  series  of  links  with  the 
recently  discovered  Foraminifera  of  the  Laurentian  gneiss.  Let  me 
not,  however,  be  supposed  to  be  thereby  giving  in  my  adhesion  to 
the  doctrines  of  development,  either  to  that  of  Lamarck  or  to  the 
more  recent  and  captivating  views  of  Mr.  Darwin. 

Since,  then,  we  must  now  admit  human  remains,  and  the  evi- 
dences of  human  existence,  as  belonging  to  the  last  period  of  geolo- 

gical history,  I  cannot  refrain  from  alluding  to  some  of  the  publica- 
tions which  have  recently  appeared  on  this  subject. 

Dr.  Felix  Garrigou,  of  Tarascon,  has  published  an  interesting 
work  on  the  old  Quaternary  alluviums  and  the  bone-caves  of  the 
Pyrenees  and  of  the  West  of  Europe.  After  pointing  out  that  dif- 

ferent caves  contain  difi'erent  animal  remains  generally,  in  accord- 
ance with  the  various  positions  of  the  caves,  he  shows  that  some 

caves  contain  as  many  as  three  distinct  beds  characterized  by  their 

different  contents,  as,  e.  g.,  the  cave  of  Mas-d'Azil. 
The  first  period  is  characterized  by  Ursus  spelceus,  TJ.  priscus, 

Felis  speloea,  Hycena  spelcea,  Elephas  primigenius,  Rhinoceros  ticho- 
rhinus,  Megaceros  hihernicus,  Cervus  elaphus,  Bos  primigenius,  Bison 
europceus,  and  sometimes  Cervus  tarandus,  &c.  The  second  period 
is  that  in  which  the  Keindeer  is  most  prominent ;  with  it  are  found 
the  Horse,  Megaceros  hihernicus,  Cervus  elaphus,  Bos  primigenius, 
Aurochs,  Sheep,  Chamois,  Bouquetin,  Wolf,  and  Fox,  and  a  third 
species  of  Canis,  perhaps  intermediate  between  these  two  last,  but  no 
domesticated  animals.  The  fauna  of  the  third  or  prehistoric  period, 
found  at  the  entrance  of  caverns  and  in  beds  overlying  those  which 
contain  the  Eeindeer,  consists  of  Ursus  arctos  (still  living  in  the  Pyre- 

nees), three  species  of  Bos  (domesticated),  the  Goat,  Sheep,  Sus 
scrofa  palustris,  Sus  scrofaferus,  Cervus  elaphus,  Eoebuck,  Bouquetin, 
Chamois,  Wolf,  Fox,  domestic  Dog,  Hare,  Blackcock,  &c. 
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The  author  then  observes  that,  "  as  the  stratigraphical  and  palae- 
ontological  researches  point  to  three  distinct  periods  from  the  com- 

mencement of  the  Quaternary  epoch  down  to  the  historic  times,  so 
the  study  of  the  remains  of  human  industry,  so  constantly  recurring 
with  the  different  faunas  described  above,  also  prove  that  these 

divisions  are  correct ;"  and  he  assumes  that  from  the  commencement 
of  the  Quaternary  epoch  there  are  in  the  south  of  France  three  great 
distinct  phases  in  the  palseontological  history  of  this  period,  as  well 
as  in  the  history  of  the  civilization  of  the  peoples  which  have  lived 
since  the  commencement  of  that  epoch. 

1.  In  the  first  great  phase,  Man  was  the  cotemporary  of  the 
great  Cave  Bear,  and  of  all  those  animals  which  have  been  shown 
as  accompanying  this  great  mammifer.  The  bones  of  these  animals 
lie  together,  broken  by  man,  either  in  the  old  Quaternary^alluviums  of 
the  sub-Pyrenean  valleys,  in  caves,  situated  from  150  to  250  metres 
above  the  level  of  the  present  valleys.  The  remains  of  human  in- 

dustry found  with  the  remains  of  these  extinct  mammifers  indicate 
an  early  art  somewhat  resembling  that  of  the  stone  implements  of 
Abbeville. 

2.  During  this  first  phase  the  great  Carnivora  and  Pachydermata 
became  extinct.  The  Eeindeer,  owing  to  favourable  conditions, 
increased  and  multiplied,  and  became  characteristic  of  a  second 
phase,  during  which  Man  had  not  yet  learnt  to  domesticate  animals. 
But  human  industry  had  made  considerable  progress :  the  fiints  are 
prepared  with  art  and  neatness,  and  bones  are  worked  with  more  in- 

telligence, as  they  show  traces  of  sculpture  and  drawing.  The  Hein- 
deer  and  its  accompanying  fauna  are  found  in  grottos  situated  near 
the  foot  of  the  mountain,  and  at  a  lower  level  than  those  which  con- 

tain the  Ursus  speloeus ;  they  are  also  found  in  some  caves  in  beds 
overlying  those  which  contain  the  mammifers  of  the  older  period. 

3.  The  third  phase  is  characterized  by  a  fauna  consisting  chiefly 
of  domesticated  animals,  the  remains  of  which  are  found  at  the 
mouths  of  caves  in  the  bottoms  of  the  valleys,  and  sometimes  in  a 
soil  which  forms  beds  overlying  those  containing  either  the  great 
Cave  Bear  or  the  Reindeer.  Man  has  learnt  to  polish  stones,  they 
are  only  occasionally  cut ;  he  is  acquainted  with  agriculture,  but 
has  not  yet  learnt  the  use  of  metals. 

The  author  then  applies  these  principles,  with  the  same  results,  to 
the  other  parts  of  Erance,  as  well  as  to  Belgium  and  the  west  of  Ger- 

many, and  concludes  with  a  chronological  review  of  the  various 
Mammalia  composing  the  old  Quaternary  fauna,  to  serve  as  a  basis 
for  the  geological  history  of  Man,  which  the  author  subdivides  into 
various  epochs,  from  the  doubtful  Pliocene  of  Chartres  to  the  earliest 
historic  period,  and  concludes  with  a  sketch  of  some  of  the  geolo- 

gical causes  which  have  led  to  the  cave-phenomena  of  the  Pyre- 
nees, and  a  statement  of  the  different  heights  at  which  these  caves 

occur,  for  which  I  must  refer  you  to  the  work  itself. 

In  continuation  of  his  great  work  on  *  Paleontologie  Stratigra- 
phique,'  M.  d'Arehiac  has  published  another  volume,  entitled  '  Lo- 

gons sur  la  faune  Quaternaire,'  which  the  editor  considers  as  a  con- 
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tinuation  of  the  ̂   Introduction  a  I'etude  de  la  Paleontologie  Strati- 
graphique/  already  published.  It  may  also  be  considered  as  the 
first  application  of  the  method  recommended  by  him,  and,  strictly 
speaking,  as  the  commencement  of  his  course  of  lectures,  the  object 
of  which  is  the  exposition  of  the  characters  and  of  the  distribution  of 
the  fossil  floras  and  faunas  which  have  been  successively  developed 
on  the  surface  of  the  earth.  In  attempting  to  give  a  slight  sketch 
of  this  interesting  work,  I  pass  over  the  first  lecture,  which  gives  a 
resume  of  the  first  portion  of  his  course.  The  second  lecture  describes 
the  Quaternarj  fauna  of  the  eastern  and  central  parts  of  Erance. 
After  alluding  to  the  evidence  of  glacial  action  in  the  mountains  of 
the  Yosges,  the  author  states  that  the  Quaternary  deposits  which  fill 
up  the  depression  between  these  mountains  and  the  parallel  chain  of 
the  Black  Porest  on  the  eastern  border  of  the  Ehine,  consist  of  three 
principal  members. 

1.  The  ancient  alluvium,  or  loess,  forms  the  uppermost  or  most 
recent  member. 

2.  Beneath  this  are  beds  of  transported  pebbles  and  blocks, 
which,  derived  from  the  Vosges  and  the  Black  Eorest,  are  connected 
with  the  glacial  phenomena  of  those  chains. 

3.  These  again  rest  on  a  deposit  of  rolled  pebbles,  designated  as 
the  Alpine  erratic  deposit,  or  Alpine  diluvium,  occupying  the  bottom 
of  the  great  valley  of  the  Ehine. 

These  three  deposits  represent  three  successive  epochs.  The  loess 
is  found  on  the  flanks  of  the  hills  rising  to  a  greater  elevation  in 
proportion  as  we  ascend  the  Bhine  valley.  At  Bonn  it  is  found  at 
an  elevation  of  only  65  metres,  between  Heidelberg  and  Heilbron 
at  260  metres,  and  on  the  flanks  of  the  volcanic  mountain  of  the 
Kaiserstuhl  it  rises  to  the  height  of  400  to  450  metres.  It  contains 
about  20  species  of  land  and  freshwater  mollusca,  most,  if  not  all, 
of  which  belong  to  living  species.  In  its  lower  beds  have  been 
found  the  bones  of  extinct  Mammalia,  ElepJias  primigenius,  Bhi- 
noceros  tichorhinus,  Ox,  Horse,  and  Deer.  In  the  second  deposit 
have  only  been  found  a  few  species  of  freshwater  shells,  but  in  great 
abundance.  The  third  member  or  Alpine  deposit  is  remarkable  for 
the  great  number  of  bones  of  extinct  Mammalia  found  in  it,  in- 

cluding, besides  those  just  mentioned,  Ursus  spelceus,  Hycena  spelcea, 
Cervus  megaceros,  Equus  adamiticus,  Bos  priscus,  and  Cervus  priscus. 

He  then  compares  the  loess  of  the  Ehine  with  the  old  alluvium  of 
the  north  of  France  ;  the  second  deposit  is  compared  to  certain  por- 

tions of  the  basin  of  the  Seine,  where  beds  of  transported  pebbles 
and  red  sand  without  fossils  are  found  ;  and,  lastly,  the  sands  with 
rolled  pebbles  forming  the  bottom  of  the  plain  of  the  Ehine  are  the 
same  as  those  which  occupy  the  lower  portions  of  the  valleys  of  the 
north  of  Erance  and  of  Belgium,  containing  the  same  fossils  and 
offering  the  same  physical  characters,  being  exclusively  composed 
of  the  detritus  of  rocks  which  form  the  respective  basins  of  each 
depression. 

Eollowing  this  arrangement,  the  author  describes  the  Quaternary 

deposits  of  the  diff'erent  geological  regions  of  Erance,  giving  full 
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historical  details  of  their  progressive  discoveries  and  of  their  re- 
spective authors.  He  then  proceeds  to  discuss  in  the  same  way  the 

organic  remains  found  in  the  caverns  and  osseous  breccias  in  dif- 
ferent parts  of  France. 

In  describing  the  caverns  of  Arcy  near  Yermenton  in  Burgundy, 
he  states  that  in  1858  M.  de  Vibraye  undertook  the  careful  exploration 
and  examination  of  one  of  these  caverns.  He  made  out  the  exist- 

ence of  three  distinct  layers  or  formations,  and  in  the  lowest,  con- 
taining the  remains  of  Ursus  spelceus.Hycena  spelc^a, Rhinoceros  ticho- 

rJiinus,  &c.,  he  found  a  human  jaw,  still  retaining  two  teeth  in  sitUy 
in  immediate  contact  with  the  bones  of  the  extinct  Mammalia.  All 
the  characters  of  the  substance  of  this  jaw  were  identical  with  those 
of  the  bones  with  which  it  was  associated  and  very  different  from 
those  found  in  either  of  the  overlying  beds.  With  such  evidence  he 
observes  that  it  is  almost  impossible  to  resist  the  conclusion  that 
Man  was  the  cotemporary  of  these  extinct  animals. 

The  author  also  shows,  with  reference  to  the  caverns  of  other  parts 
of  France,  and  especially  in  Languedoc  and  in  the  Pyrenees,  that 
incontestable  evidence  has  been  found,  not  only  of  the  existence  of 
Man  during  the  later  periods  when  the  Eeindeer  abounded  all  over 
France  and  the  great  Mammalia  appear  to  have  become  extinct,  but 
even  during  the  period  of  their  existence ;  and  in  concluding  hi» 
chapter  on  the  caves  and  osseous  breccias  of  the  Pyrenees,  he  ob- 

serves that,  in  the  valleys  of  the  basin  of  the  Ariege  alone,  the 
elements  of  human  chronology  from  the  earliest  Quaternary  epoch, 
viz.,  that  of  the  C/rsMS  spelceus  down  to  the  time  of  the  lacustrine  habi- 

tations of  Switzerland,  are  such  as  have  nowhere  else  been  found 
within  so  small  a  space ;  and  he  adds  that,  notwithstanding  these 
accumulated  proofs,  there  are  persons  who  still  refuse  to  believe  in 

the  contemporaneity  of  Man  with  the  gi^eat  extinct  species  of  Mam- 
malia. "  But,"  he  adds,  ''  the  history  of  science  shows  us  at  every 

step  instances  of  this  opposition  to  the  introduction  of  new  ideas 
contrary  to  old  theories,  and  which  wound  the  opinions  and  amour 
projpre  of  individuals ;  let  us  not  therefore  be  astonished  at  what  we 
see  around  us  on  this  question,  but  let  us  hope  everything  from  time 
and  perseverance  in  inquiries,  which  will  ultimately  get  the  better 

of  these  oppositions  as  they  have  already  done  of  so  many  others." 
The  author  then  proceeds  to  examine  these  Quaternary  deposits  on 

the  northern  and  southern  flanks  of  the  Alps  with  the  same  general 
results,  those  of  the  Mediterranean,  Asia,  North  and  South  America, 

Australia,  and  N"ew  Zealand,  giving  in  every  case  an  account  of  the most  recent  discoveries  bearing  on  this  important  and  complicated 
question  ;  and  he  shows,  in  conclusion,  that  the  phenomena  observed 
in  America  and  Australia  conflirm  the  observations  made  in  Europe 
and  Asia,  viz.,  that  the  fauna  of  the  great  extinct  Mammalia  cha- 

racterized by  the  ElejtTias primigenius,  Rhinoceros  tichorhinus,  Ursus 
spelceus,  &c.  must  be  separated  from  the  fauna  of  the  present  day. 
At  the  same  time  the  difference  between  the  characters  of  the  Qua- 

ternary fauna,  when  compared  with  those  of  the  existing  fauna,  are 
by  no  means  the  same  in  different  classes  :  in  the  lower  marine  ani- 
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mals,  as  well  as  in  the  land  and  freshwater  mollusca,  the  differences 
are  very  slight;  amongst  the  mammifers  it  is  generally  the  contrary. 
The  analogy  of  the  Quaternary  and  modern  faunas  is  subject  to  its 
own  particular  law  in  each  natural  division ;  it  is  the  more  striking 
in  proportion  as  the  animals  under  consideration  are  of  smaller  size. 
If  we  examine  the  fossil  Mammaha  of  the  southern  hemisphere, 
either  by  orders,  by  famihes,  or  by  genera,  we  first  find  that  the 
animals  are  larger  than  their  congeners  of  the  present  day;  and 
secondly,  that  the  species  which  are  identical  with  those  of  the 
present  day,  or  nearly  so,  are  the  smallest. 

After  alluding  to  the  theory  of  Prof.  Owen  in  his  Memoir  on  the 
Megatherium,  in  which  he  endeavours  to  explain  why  the  races  of 
smaller  forms  of  animals  have  had  a  more  prolonged  existence  than 
those  of  greater  size,  viz.,  because  they  could  more  easily  accommodate 
themselves  to  those  changes  in  the  conditions  of  life  under  which  the 
larger  forms  could  no  longer  exist,  he  observes  that,  as  a  general 
rule,  we  find  in  the  different  classes  of  fossil  animals  the  duration 
of  species,  and  even  of  genera,  is  in  an  inverse  ratio  to  their  size  and 
mass,  whereas  the  normal  life  of  individuals  is  generally  in  a  direct 
ratio  to  their  size. 

"  It  is,"  he  observes,  in  conclusion,  ̂ '  a  mere  question  of  time,  for 
which  man,  still  new  on  the  surface  of  the  earth,  has  no  chrono- 

meter to  enable  him  to  measure  the  periods  of  existence  of  the  beings 
which  surround  him.  Palaeontology,  it  is  true,  reveals  to  us  the 
existence  of  gigantic  reptiles  in  past  ages,  which  have  successively 
appeared  and  disappeared;  and  the  small  animals,  their  cotemporaries, 
have  equally  undergone  the  inevitable  law  of  the  renewal  of  types, 
both  large  and  small,  and  of  their  continual  replacement.  It  is 
true,  we  do  not  observe  this  movement  about  us  ;  we  are  disposed 
to  believe  that  organic  nature,  which,  since  the  beginning  of  crea- 

tion, has  never  ceased  to  modify  itself,  has  become  immoveable  since 

Man's  appearance,  that  the  laws  of  succession  have  been  replaced 
by  mere  laws  of  preservation ;  in  a  word,  that  creation  is  complete 
and  finished. 

"  This,  undoubtedly,  is  an  illusion,  caused  by  this  fact,  that  the 
few  dozen  centuries  which  constitute  our  history  are  not  sufiicient 
to  bear  witness  to  any  important  changes ;  but  if  study  and  observa- 

tion have  taught  us  anything,  it  is  this,  that  the  history  of  the  whole 
human  race  is  of  no  more  account  in  the  history  of  nature  than  the 

life  of  those  ephemeral  insects  of  which  a  single  day  beholds  the' 
birth,  the  reproduction,  and  the  death." 

An  interesting  Monograph  has  been  lately  published  by  Dr.  G.  A. 

Maack,  entitled  '  Palseontological  Inquiries  respecting  hitherto  un- 
known Lophiodon  Fossils  from  Heidenheim  on  the  Hahnenkamme 

in  Central  Franconia,  together  with  a  Critical  Review  of  all  the 

hitherto  known  species  of  the  genus  Lophiodon.''  In  describing  the 
historical  development  of  this  genus,  the  author  remarks  that  the 
great  gap  which  exists  between  the  Ruminants  and  Multungula 
(Vielhufer)  of  the  existing  fauna  has  been  in  a  great  measure 

filled  up  by  the  discovery  of  fossil  remains.     The  contrast  hitherto 
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supposed  to  exist  between  these  difFerent  types  has  been  removed 
by  means  of  the  fossil  remains  of  the  now  extinct  Elasmotheria, 
Palaeotheria,  Lophiodonta,  Anthracotheria,  &c.  The  object  of  this 
memoir  is  to  describe  more  fully  than  has  yet  been  done  the 

peculiar  zoological  position  of  the  genus  Lophiodon,  and  its  con- 
nexion with,  and  difference  from,  allied  genera,  so  far  as  it  can  be 

done  with  the  help  of  the  hitherto  discovered  fossil  remains. 
He  then  proceeds  to  describe  all  the  known  species  of  Lophiodon, 

and  begins  by  subdividing  the  genus  into  the  five  following  sub- 
genera, according  to  the  different  structure  of  the  teeth  in  each  sepa- 

rate species: — 1.  Coryjjhodon,  Owen;  2.  Tapirotherium, 'Blsimy.,  this is  the  typical  form  to  which  Cuvier  gave  the  name  of  Lophiodon  in 
1822,  although  Blainville  had  already  named  it  in  1817  ;  3.  Pachy- 
nolophus,  Pomel. ;  4.  Lophiotherium,  Gervais ;  and  5.  Tapirulus, 
Gervais. 

The  next  subject  to  which  the  author  directs  his  attention  is  the 
examination  of  the  Lophiodon  remains  of  Heidenheim.  This  im- 

portant discovery  was  made  by  Riitimeyer  not  long  ago,  and  Dr. 
Maack  has  been  enabled  to  examine  and  compare  about  forty 
well-preserved  teeth,  besides  fragments  of  teeth,  jaws,  and  bones. 
These  are  all  carefully  described,  and  some  curious  anomalies  in  the 
structure  of  the  different  teeth  are  pointed  out.  Thus  he  observes 
that  neither  the  molar  nor  premolar  teeth  of  his  new  species,  L. 
rhinocerodes,  would,  either  in  form  or  structure,  give  any  clue  as  to 
what  the  canine  or  incisor  teeth  were ;  on  the  contrary,  we  should 
be  greatly  misled  if  we  attempted,  from  the  remarkable  resemblance 
between  the  molar  teeth  of  Tapir  and  Lophiodon,  to  infer  a  similar 
resemblance  between  the  canine  and  incisor  teeth  of  both  animals. 

He  then  discusses  the  zoological  position  of  the  genus  Lophiodon, 
and  shows,  as  a  necessary  consequence  of  recent  discoveries,  and  of 
which  he  gives  Riitimeyer  the  chief  credit,  that  it  belongs  to  the 
great  family  of  Pachy derma ta  omnivora,  and  concludes  that  Lo- 

phiodon is  not  connected  with  Tapir  and  Palceotherium,  although  in 
the  structure  of  its  teeth  it  combines  many  characters  of  these  two 
genera,  but  that  it  is  more  closely  allied  to  the  genera  Cheer opotamus, 
Hyopotamus,  and  Anthracotherium. 

With  regard  to  the  geological  age  of  the  beds  in  which  Lophiodon 
has  been  found,  he  comes  to  the  conclusion,  that  this  genus,  with  its 
CO  temporaries,  formed  a  peculiar  fauna,  the  remains  of  which  are 
buried  in  the  clays,  lignites,  marls,  freshwater  conglomerates,  and 
marine  limestones  of  the  age  of  the  calcaire  grossier  of  Paris.  The 
work  is  illustrated  by  fourteen  plates,  chiefly  representing  the  dif- 

ferent teeth  in  various  positions. 
I  think  it  may  be  interesting  to  allude  here  to  a  new  theory 

respecting  the  transport  of  erratic  blocks  recently  published  by 

Count  Keyserling*. 
Finding  great  difficulty  in  accounting  for  many  of  the  phenomena 

which  accompany  the  erratic  blocks  which  cover  the  level  lands  of 

*  Melanges  physiques  et  chimiques  tires  du  Bulletin  de  I'Acad.  Imp.  des 
Sciences  de  S.  Petersburg,  tome  v. 
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Livonia  by  the  usually  adopted  theory  of  glaciers  or  of  floating  ice- 
bergs, Count  Keyserling  calls  attention  to  phenomena  recently 

observed  on  the  shores  of  the  gulf  of  Pernau  as  affording  a  more 
satisfactory  explanation,  showing  a  movement  of  ice  from  the  sea- 
level  inland  and  uphill. 

During  the  first  frosts  of  1863,  a  vast  field  of  ice,  from  2  to  2| 
feet  thick,  had  formed  itself  on  the  shore,  extending  far  out  to  sea. 
The  water  then  rose  about  4  feet,  owing  to  the  milder  weather, 
covering  the  field  of  ice.  This  was  subsequently  raised  by  the  water, 
and  formed  a  free-floating  field  of  ice  of  enormous  extent.  A  violent 
storm  on  the  15th  and  16th  of  January  drove  this  field  of  ice  against 
the  shore,  and  forced  it  with  great  power  over  the  land.  Similar 
occurrences,  but  on  a  much  smaller  scale,  had  previously  taken  place ; 
but  now,  owing  to  the  much  greater  thickness  of  the  ice,  the  event 
assumed  an  intensity  which  had  not  been  observed  for  several  gene- 

rations ;  three  peasants'  dwellings  on  the  promontory  of  the  Tackerort 
were  so  suddenly  invaded  by  the  ice  and  destroyed,  that  the  inhabit- 

ants lost  all  their  property,  and  had  only  time  to  escape  with  their 
lives.  The  ice  here  rose  60  feet  above  the  level  of  the  sea ;  in  other 
places,  where  the  shore  was  less  steep  and  only  12  feet  above  the 
sea,  the  ice  came  upon  a  fir-wood,  broke  the  stems  (some  of  which 
were  13  inches  in  diameter),  threw  them  down,  and  covered  them 
with  an  unbroken  coat  of  ice.  Wherever  the  floating  field  of  ice 
encountered  a  steep  precipice,  it  rose  up  like  a  sheet  of  paper,  its 
free  edge  rose  over  the  land,  and  then,  turning  over,  fell  partly  into 
the  sea  and  partly  in  fragments  over  the  land  and  was  pushed 
further  in.  On  the  flat  shore  of  Heuschlager  the  ice  was  driven 
1023  feet  inland,  carrying  with  it  a  vast  quantity  of  stones  ;  at  the 
same  time,  stones  were  everywhere  raised  out  of  the  sea  by  the  ice 
and  driven  on  shore. 

When  Count  Keyserling  himself  visited  the  spot,  he  found  a  block 
of  granite,  weighing  about  60  poods  (2160  pounds),  lying  amongst  the 
blocks  of  ice,  30  feet  above  the  level  of  the  sea,  and  which  had  evi- 

dently been  raised  by  the  ice  from  the  bottom  of  the  sea,  thus  con- 
firming the  generally  received  opinions  respecting  the  transport  of 

stones  by  means  of  ice.  In  another  spot,  where  there  is  a  land- 
cliff  30  feet  high,  he  found  a  heap  of  ice-blocks  10  feet  thick,  which 
had  been  generally  tilted  into  an  almost  vertical  position.  Their 
upper  surfaces  were  covered  with  gravel  and  stones ;  the  lower  sur- 

face was  pure  ice,  and  had  originally  formed  the  upper  surface  of 
the  field,  thus  showing  that  the  broken  masses  of  ice  had  been  com- 

pletely overturned  by  the  violent  pressure. 

"  If  now,"  adds  Count  Keyserling,  "  we  could  suppose  that  during 
the  period  of  the  great  erratic  phenomena  the  same  circumstance 
took  place,  but  on  a  larger  scale,  so  that  fields  of  ice  of  many  hun- 

dred square  miles  and  4  feet  thick  were  periodically  driven  over  the 
land,  we  should  have  a  natural  explanation  of  the  scratched  sur- 

faces in  parallel  lines,  and  also  of  the  non-marine  character  of  the 
erratic  deposits."  He  considers  that  these  phenomena  show  how 
blocks  of  stone  out  of  the  sea  can  be  pushed  by  ice  into  places  far 
beyond  the  reach  of  the  water,  and  how  deposits  may  be  formed 
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along  the  coasts  high  above  the  level  of  the  sea  resembling  true 
inundations  on  the  shore. 

As  an  appendix  to  these  observations  of  Count  Keyserling,  Prof. 
Baer,  of  the  Academy  of  Sciences,  has  added  some  interesting  re- 

marks of  his  own  respecting  huge  boulders  which  he  had  himself 
seen  in  various  spots  along  the  coast  of  Finland  and  the  adjacent 
islands,  some  of  which  are  of  great  size,  and  all  of  which,  he  was 
told  by  the  inhabitants,  had  been  driven  into  their  present  position 
by  the  pressure  of  the  great  fields  of  ice.  He  then  proceeds  to  give 
an  account  of  the  island  Laven  Lari,  on  the  coast  of  Esthonia,  where 
he  considers  that  erratic  phenomena  are  still  going  on,  although  the 
chief  events  took  place  at  a  far  distant  period.  He  compares  the 
present  form  and  outline,  and  its  accumulation  of  gravels  and  boul- 

ders, with  those  given  in  older  maps,  and  believes  that  the  map  of 
Spafariew,  published  in  1822,  on  data  obtained  in  1813,  although 
not  absolutely  correct,  is  yet  sufficiently  so  as  to  justify  the  assumption 
that  the  differences  in  the  two  maps  represent  the  changes  which 
have  taken  place  in  the  last  quarter  of  a  century.  The  reports  of 
the  inhabitants  respecting  the  movements  of  the  ice  would  appear  to 
account  for  these  changes,  which  are  closely  connected  with  the 
facts  communicated  by  Count  Keyserling. 

At  the  same  time  Prof.  Baer  admits  that  other  causes  of  this 

change  of  form  may  possibly  have  come  into  play  ;  as  the  inhabitants 
alluded  to  the  conviction  of  the  gradual  rising  of  their  island  above  the 
level  of  the  sea,  without,  however,  giving  any  satisfactory  reasons. 
In  conclusion,  Prof.  Baer  states,  as  the  result  of  his  observations,  that 
very  large  boulders  are  only  seldom  moved  by  ice ;  moderate  sized 
ones  more  frequently;  but  that  small  blocks,  particularly  near  the 
level  of  the  sea,  are  so  frequently  moved  and  heaped  together  by  ice, 
that  they  escape  the  notice  of  the  inhabitants,  and  yet  produce  im- 

portant changes  in  the  outlines  of  the  flatter  island  in  the  course  of 
a  century.  Thus  erratic  phenomena  are  continued  even  to  the  pre- 

sent day,  although  the  distribution  of  the  superficial  boulders  appears 
to  point  to  an  enormous  lapse  of  time. 

But  there  are  other  erratic  blocks  found  buried  in  the  soil  far  in- 
land, which  can  hardly  be  referred  to  the  action  of  the  present  sea 

and  its  floating  ice,  and  these  extend  as  far  as  Moskow.  In  the  Gulf 
of  Finland  also  are  great  masses  of  blocks  which  reach  so  near  the 
surface  of  the  water  as  to  cause  serious  impediments  to  navigation. 
The  Professor  concludes  by  distinguishing  fetill  existing  or  recent 

erratic  phenomena  from  others  w^hich  may  be  called  diluvial,  and 
considers  the  floating  ice  and  the  present  level  of  the  sea,  or  perhaps 
one  slightly  elevated,  as  a  sufficient  explanation  of  the  former.  With 
regard  to  the  older  erratic  or  diluvial  phenomena  he  has  no  suggestion 
to  make,  but  advocates  the  necessity  of  further  local  observations. 

Don  Casiano  di  Prado  has  published  during  the  past  year  '^A 
Physical  and  Geological  Description  of  the  Province  of  Madrid.'  On 
this  occasion  I  need  only  refer  to  the  second  or  geological  portion  of 
the  work.  He  says  that  in  this  province  are  found  remains  of  the 
organic  life  of  the  Silurian  period  in  beds  which  rise  to  a  height  of 
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2000  metres,  and  this  formation  was  not  again  submerged  until  about 
the  commencement  of  the  Cretaceous  period ;  but  before  the  close 
of  this  period  both  these  formations  were  again  raised  above  the  sur- 

face of  the  sea,  and  there  is  not  the  slightest  evidence  that  they  were 
ever  again  submerged,  as  the  Tertiary  deposits  which  rest  upon  the 
Cretaceous  have  been  entirely,  or  at  least  for  the  most  part,  formed 
at  the  bottom  of  a  great  freshwater  lake.  The  Quaternary  or  dilu- 

vial beds  were  also  formed  in  fresh  water,  and  at  a  period  when 
this  lake  had  been  partially  filled  up  and  drained. 

The  series  of  formations  is  therefore  far  from  complete  in  the 
province.  Of  the  Palaeozoic  period,  the  Devonian,  Carboniferous,  and 
Permian  are  wanting ;  of  the  Mesozoic  or  Secondary  period  there 
are  no  traces  of  the  Triassic,  Jurassic,  and  a  portion  of  the  Cretaceous 
beds;  and  of  the  Tertiary  period  only  the  Miocene  occurs,  there 
being  no  certain  evidence  either  of  Eocene  or  Pliocene.  The  result 
is,  that  the  formations  which  are  found  in  the  province  of  Madrid 
are  Plutonic,  consisting  exclusively  of  granitic  and  gneissic  rocks, 
Silurian,  a  portion  of  the  Cretaceous,  part  of  the  Tertiary,  the  Qua- 

ternary, and  recent  formations. 
The  author  then  describes  these  different  rocks,  commencing  with 

the  granite,  which  occurs  principally  in  three  distinct  masses,  lying 
in  a  N.E.  and  S.W.  direction.  But  there  are  also  numerous  gra- 

nitic islets  in  the  gneissic  rocks,  many  of  which  are  so  small  that  it 
has  been  impossible  to  lay  them  down  on  a  geological  map ;  they 
extend  into  the  provinces  of  Toledo,  Segovia,  and  Avila,  and  even 
into  those  of  Salamanca  and  Caceres,  forming  one  of  the  most  exten- 

sive granitic  regions  of  the  peninsula.  He  then  describes  in  great 
detail  all  the  different  varieties  of  granite,  passing  into  kaoline,  syen- 

ite, pegmatite,  micaceous  porphyry,  and  many  others ;  also  the  ex- 
ternal forms  and  structure  of  these  masses,  many  of  which  are  very 

remarkable,  caused  chiefly  by  the  unequal  decomposition  of  the  rock. 

Isolated  peaks  and  pillars,  from  12  to  26  metres  in  height,  have  been- 
thus  produced,  and  the  "^  mountain  of  the  seven  peaks  "  has  been 
crowned  with  its  seven  isolated  craggy  rocks.  These  granite  masses 
are  often  traversed  by  fissures  of  various  width,  but  sometimes  large 
enough  to  be  used  as  threshing-floors  by  the  peasants. 

The  author  then  enters  into  long  details  respecting  the  origin  and 
decomposition  of  the  granite.  He  adopts  the  modern  views  that 
water  was  no  less  necessary  to  its  formation  than  fire,  and  thinks 
that  it  must  have  formed  the  first  crust  of  the  earth,  though  he  is 
hardly  prepared  to  say  whether  the  granite  of  Madrid  belongs  to  this 
primordial  granite,  or  to  those  masses  which  have  been  subsequently 
erupted  ;  but  there  is  no  doubt  that  much  of  it  belongs  to  the  erupted 
class.  Some  of  the  phenomena  accompanying  this  process  show  that 
not  only  have  great  disturbances  and  dislocations  taken  place,  but 
that  the  more  recent  and  easily  decomposed  granites  contain  blocks  of 
an. older  period,  and  of  a  harder  and  more  compact  nature. 

The  gneiss  is  less  extensively  developed  than  the  granite,  but  oc- 
curs under  a  great  variety  of  forms,  as  micaceous,  felspathic,  quartz- 

ose,  amphibolic,  &c.,  all  of  which  are  described  by  the  author ;  it 
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sometimes  contains  masses  and  veins  of  granite,  in  other  places  it  is 
interstratified  with  calcareous  bands  or  nodules,  metamorphic,  and 
so  charged  with  magnesia  as  to  be  useless  for  burning.  It  is  gene- 

rally stratified,  and  rises  into  more  rugged  crests  and  crags  than  the 
granite,  though  this  is  not  so  much  the  case  in  the  province  of 
Madrid  itself  as  in  the  neighbouring  districts. 

With  regard  to  the  origin  of  the  gneissic  rocks  which  were  formed 
by  sedimentary  action,  the  author  observes  that  they  are  not  all  of 
the  same  age.  In  the  province  of  Madrid  the  gneiss  is  decidedly 
metamorphic  and  contains  beds  of  limestone  which  do  not  occur 
in  the  Silurian  formation.  The  gneiss  has  undergone  much  less 
decomposition  than  the  granite,  although  it  appears  to  have  been 

eroded  on  a  very  large  scale.  This  strikes  Don  Casiano  as  w^orthy 
of  notice,  inasmuch  as  the  granite  contains  30  per  cent,  of  quartz, 
whereas  in  the  gneiss  this  latter  substance  is  almost  entirely 
wanting,  and  of  the  three  component  elements  of  both  these  rocks 
the  quartz  is  the  least  subject  to  decomposition.  Other  remarkable 
instances  of  the  decomposition  of  the  gneiss  are  then  described  and 
commented  on ;  but  my  space  and  your  time  will  not  allow  me  to 
enter  further  into  their  consideration. 

The  author  then  describes  the  Silurian  formation,  which,  however, 
is  not  of  any  great  extent  in  this  province ;  it  consists  chiefly  of 
slates,  sandstone,  and  quartzite,  the  former  being  most  preponderat- 

ing. E/Oofing-slate  does  not  occur  here,  though  it  is  found  in  the 
neighbouring  provinces  of  Segovia  and  Guadalajara.  The  amount  of 
denudation  in  former  periods  has  been  very  great,  and  the  quartzites 
which  alternate  with  the  slates  having  oifered  greater  resistance  to 
this  action  are  now  seen  standing  out  and  forming  rough  and  rugged 
crests.  After  describing  the  principal  strikes  of  these  beds,  which 

oscillate  from  N.  20°  E.  to  IS".  22°  W.,  and  the  metamorphic  action  to 
which  they  have  been  exposed,  the  author  proceeds  to  describe  the 
fossils  which  have  been  found  in  them. 

These  are  very  scarce  in  the  province  of  Madrid,  though  many 
casts  of  Graptolites  have  been  found  in  that  of  Segovia.  Those  de- 

scribed here  are  : — Cruziana  six  species ;  Scolithiis,  OrtJioceras,  Lin- 
c/ula,  one  each.  Several  forms  of  Acephala  have  also  been  met  with, 
but  in  too  imperfect  a  condition  to  allow  of  their  being  satisfactorily^ 
determined.  These  are  followed  by  an  account  of  the  veins  and 
minerals  which  occur  in  the  granite,  gneiss,  and  Silurian  beds  ;  these 
are  both  metalliferous  and  non-metaUiferons.  The  latter  consist 

chiefly  of  pegmatite,  quartz,  and  diorite  :  the  metalliferous  veins  con- 
tain a  little  silver,  galena,  sulphate  of  barytes,  fluorspar,  and  iron 

pyrites.  These  metals  occur  sometimes  in  detached  masses  or  no- 
dules, and  sometimes  disseminated  throughout  the  whole  substance 

of  the  rock.  Between  the  years  1841  and  1860  there  was  a  great 
development  of  mining  enterprise,  but  the  results  were  anything 
but  satisfactory. 

The  author  then  describes  in  detail  the  various  minerals  found  in 

the  granitic,  gneissic,  and  Silurian  rocks,  and  concludes  this  portion 
of  his  work  with  an  account  of  the  different  systems  of  elevation 

vol.  XXII.  / 
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which  prevail  throughout  these  formations.  The  direction  of  the 

principal  mountain- chain  -which  traverses  the  peninsula  from  Lisbon 
to  the  Pico  de  Grado,  passing  through  the  provinces  of  Segovia, 

Soria,  and  Guadalajara,  is  from  E.  27°  N.  to  W.  27°  S. ;  four  other 
important  mountain- chains  run  nearly  parallel  to  it,  although  slightly 
obliquely.  The  author  then,  taking  up  the  views  of  M.  Elie  de 
Beaumont,  endeavours,  I  think  somewhat  hastily,  to  refer  these  dif- 

ferent lines  of  elevations  to  the  diiferent  systems  laid  down  by  the 

great  Erench  geologist  in  the  European  region-:  thus  he  refers  the 
chains  of  the  Guadarama,  La  Gata,  and  La  Estrella,  the  mean  direc- 

tion of  which  is  E.  39°  N.,  to  the  System  of  "Westmoreland,  which throughout  Europe  oscillates  between  N.E.  and  E.N.E.  But  it  is 
unnecessary  to  pursue  this  question  any  further. 

Cretaceous  formation. — In  the  district  under  consideration  Don 
Casiano  has  found  only  one  of  the  four  groups  into  which  M. 

d'Archiac  divides  this  formation,  namely,  the  Lower  Chalk  {craie  tuf- 
feau),  the  second  in  descending  order.  He  has  found  no  trace  either 
of  the  white  chalk  immediately  above,  or  of  the  gault  immediately 
below,  or  of  the  fourth  or  lower  group.  It  is  found  only  in  narrow 
and  contorted  bands  in  certain  spots ;  this  is  aU  that  remains  of 
the  greater  extent  of  ground  it  must  have  originally  covered,  except 
such  portions  as  may  be  concealed  by  the  Tertiary  and  Quaternary 
deposits,  and  which  towards  the  south  may  extend  continuously  into 
the  province  of  Cuenca.  There  is  no  appearance  that  the  Cretaceous 
sea  ever  extended  further  west  than  the  Mota  del  Cuervo  in  this 

last-mentioned  province,  orQuintanar  de  la  Orden  in  that  of  Toledo, 
or  Quijorna  in  that  of  Madrid,  Espinar  in  that  of  Segovia,  or  the 
river  Luna  in  the  province  of  Leon.  In  this  ancient  sea  the  Sierra, 
or  mountain-chain  of  Guadarama,  formed  one  peninsula,  which  termi- 

nated towards  the  east.  Hot  far  from  the  Picode  Grado,  and  another 
smaller,  within  the  province  of  Madrid.  The  author  then  describes 
the  different  bands  which  he  has  examined;  their  dip  is  generally. 
S.E.,  and  they  are  of  no  very  great  breadth  or  length,  but  are  natu- 

rally broader  where  the  dip  is  less.  One  of  these  bands,  in  the 
neighbourhood  of  Atalaya  del  Yellon,  has  been  broken  through  at 
the  spot  where  its  strike  is  curved  round,  forming  a  gorge  of  a  few 
metres  in  breadth,  at  the  bottom  of  which  the  mica  schist  (micacita) 
on  which  the  chalk  rests  is  exposed. 

The  prevailing  rock  in  this  formation  is  limestone,  varying  much 
both  in  colour  and  in  structure,. being  occasionally  quite  spathose  or 
crystalline ;  very  little  of  it  can  be  used  either  for  building-pur- 

poses or  for  lime.  It  is  sometimes  argillaceous  or  marly.  Chalk- 
marl  occurs  in  some  of  the  beds,  as  well  as  sandstones,  apparently 
Greensand.  In  this  and  in  the  lower  beds  a  few  traces  of  lignite 

occur,  which  in  former  times,  and  especially"  in  the  reign  of  Charles 
III.,  gave  rise  to  the  most  extravagant  expectations  respecting  the 
coal  of  Manzanares,  which  was  said  to  be  superior  to  that  of  En- 

gland, because  it  contained  more  sulphur!  The  greatest  thickness  of 
the  Cretaceous  formation  is  about  300  metres,  but  in  many  places  it 
has  been  reduced  by  denudation  to  from  20  to  2b  and  even  17  metres. 
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A  description  of  one  section  given  by  the  author  as  seen  between 
Madrid  and  Burgos,  before  entering  Molar,  will  suffice  to  give  an 

idea  of  the  superposition  of  the  beds.  They  dip  30°  S.E.  The  base 
consists  of  a  few  metres  of  arenaceous  beds  resting  on  the  gneiss, 
having  in  the  middle  a  thin  band  of  limestone.  These  are  followed 
in  ascending  order  by  a  considerable  thickness  of  limestones  of 
various  qualities,  succeeded  by  a  thick  mass  of  marls  and  argilla- 

ceous limestone,  and  thin  beds  of  limestone  containing  an  irregular 
tabular  vein  of  manganese ;  the  whole  being  followed  by  the  dilu- 

vial gravels.  In  some  places,  as  at  Atalaya  del  Vellon,  marly  beds 
are  interstratified  with  the  lower  arenaceous  beds.  After  describing 
the  general  form  and  structure  of  the  principal  masses  of  this  for- 

mation, which  has  a  general  inclination  of  from  20°  to  50°  to  the  E., 
N.E.,  and  S.E.,  according  to  the  great  bend  to  which  these  beds  have 
been  subjected,  circling  as  it  were  round  a  central  point,  the  author 
notices  the  principal  escarpments  and  ravines,  and  some  of  the 
numerous  and  extensive  caverns  met  with  in  this  province. 
He  then  proceeds  to  describe  the  fossils  of  the  formation. 

These  are  very  few,  but,  as  he  observes,  sufficient  to  identify  this 
formation  as  the  second  group  or  Lower  Chalk.  The  following  are 
the  species  found  and  described  by  Don  Casiano : — Astarte  striata 
Sow. ;  Area  Cenomanensis,  d'Orb. ;  Mytilus  Vemeuili,  a  new  species 
resembhng  M.  alternatus ;  Lima  cretosa,  Duj.;  Lima  dichotoma, 
Reuss  ;  Avicula  pectinoides,  E-euss ;  Avicula  Villanovana,  a  new  spe- 

cies ;  Pecten  tricostatus,  Bayle ;  P.  quinquecostatus,  Sow. ;  Sjphceru- 

lites  squamosus,  d'Orb. ;  Hemiaster  Fourneti,  Desh. ;  Nucleolites  lacu- 
nosi(s(?),  Agas.,  in  bad  condition  ;  Area,  new  species,  resembling  A. 
Tailleburguensis ;  Terehratula,  probably  a  new  species.  The  author 
also  mentions  other  genera,  of  which  he  discovered  fragments  too 
imperfect  to  enable  him  to  give  their  specific  denomination,  as  a 
claw  of  a  Crab,  the  cast  of  a  Tilostoma,  three  species  of  Cardium,  a 
Cardita,  Cyprina,  Area,  Mytilus,  Modiola,  two  species  of  Ostrea, 
several  Rudistes,  and  two  small  Echinodermata. 

It  may  be  here  observed  that  the  general  faeies  of  this  list,  im- 
perfect as  it  is,  corresponds  with  the  fact  mentioned  by  Sir  C.  Lyell  in 

the  last  edition  of  ̂   The  Elements  of  Geology'*,  that  in  the  rocks  of 
the  Cretaceous  era  in  the  south  of  Europe  Ammonites  are  scarcely 
ever  found,  and  the  genera  Hamites,  Turrilites,  Seaphites,  and  perhaps 
Belemnites,  are  entirely  wanting ;  while,  on  the  other  hand,  genera 
belonging  to  the  great  family  of  the  Rudistes  of  Lamarck  are  gene- 

rally abundant. 
Tertiary  formation. — This  forms  one  of  the  three  great  belts  into 

which  the  province  of  Madrid  is  divided,  both  geologically  and  geo- 
graphically, extending  from  N.W.  to  S.E.  Its  thickness  is  consider- 

able, but,  owing  to  the  effects  of  denudation,  it  is  very  variable ; 
in  some  places,  however,  it  is  known  to  attain  a  thickness  of  about 
340  metres  without  reaching  the  base.  It  is  not  a  marine  forma- 

tion.   The  only  fossils  hitherto  found  are  of  terrestrial  or  freshwater 

^  '  Elements  of  Geology,'  by  Sir  C.  Lyell,  6th  edit.  p.  334. 
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origin,  and  they  appear  to  belong  to  the  Miocene  period ;  conse- 
quently there  was  here  a  vast  freshwater  lake,  extending  from  the 

Sierra  de  Guadarama  to  the  Sierra  Morena  and  Montes  de  Toledo, 
and  even  to  the  mountains  of  Valencia  and  Murcia,  although  in  this 
direction  it  is  somewhat  difficult  to  fix  its  limits.  The  rocks  of 

which  it  consists  are  limestones  of  different  varieties,  clay,  gypsum, 
marls,  sands  and  gravels,  siliceous  beds  {pedernal  flint),  magnesite, 
and  conglomerate  or  pudding-stone ;  the  three  former  are  the  most 
abundant,  and  they  are  not  associated  with  any  plutonic  or  volcanic 
rock  in  the  province.  A  considerable  portion  of  the  upper  bed  has 
been  removed  by  denudation ;  by  this  means,  and  owing  to  the 
violent  action  of  the  rivers  during  the  Quaternary  period,  the  physical 
aspect  of  the  country  has  been  greatly  modified.  Low  plains  and 
narrow  valleys  have  been  formed,  which  have  been  again  partially 
covered  up  by  diluvium.  In  other  places  where  the  beds,  which  are 
generally  horizontal,  have  not  been  afiected  by  denudation,  they 
form  vast  upland  plains,  called  wildernesses  or  deserts  {paramos) ; 
but  where  the  upper  bed  of  limestone  has  been  removed  by  denuda- 

tion the  surface  is  much  more  irregular.  Generally  speaking,  the 
structure  or  arrangement  of  this  formation  is  simple  enough  where 
the  strata  are  horizontal ;  but  this  is  not  generally  the  case,  as  the 
author  proceeds  to  show  in  detail,  and  particularly  in  some  places 
where  the  inclination  of  the  strata  is  almost  vertical. 

This  formation  may  be  separated  into  three  divisions.  Limestone 
prevails  in  the  upper  almost  exclusively ;  the  middle  division,  which 
has  the  least  thickness,  consists  chiefly  of  clay  and  gypsum,  and  the 
lowest  consists  of  sandstones  and  conglomerates.  The  author  then 
describes  in  great  detail  various  localities  where  these  different  beds 
are  found  alternating  with  each  other,  and  varying  even  within 
short  distances,  the  chief  peculiarity  being  that  the  gypsum  always 
occurs  in  the  central  beds.  The  best  building-stone  in  the  province 
is  quarried  in  the  neighbourhood  of  Colmenar  de  Oreja  ;  the  quarry- 
men  give  a  diiferent  name  to  each  band.  Some  are  better  than 
others  ;  but  all  are  rather  apt  to  split,  and  great  care  is  necessary 
in  using  them  for  building-purposes  to  see  that  the  blocks  are  placed 
in  their  natural  position. 

The  siliceous  deposits  are  the  most  irregular  in  the  whole  forma- 
tion. Sometimes  the  silex  forms  large  masses  in  the  clay  ;  some- 

times it  occurs  as  small_  angular  blocks.  ]N"ear  Yicalbaro  rounded blocks  of  the  same  substance  are  found,  and  in  one  spot  large  irre- 
gular nodules  or  slabs  of  flint  form  in  the  clay  an  irregular  bed, 

which  is  extensively  quarried  and  used  in  Madrid. 
In  order  to  account  for  the  great  variations  which  occur  in  these 

beds  even  within  short  distances,  the  author  refers  to  a  suggestion 

thrown  out  by  M.  d'Archiac,  namely,  that  the  material  for  these  rocks 
was  supplied  from  copious  mineral  springs,  and  is  not  alone  the  result 
of  matter  transported  by  the  streams  from  the  surrounding  hills. 
But  this  explanation  does  not  appear  to  him  sufficient,  even  without 
taking  into  account  those  rocks  which  could  not  have  been  formed 
in  this  manner ;  and  he  observes  that  this  variation  is  the  more  re- 
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markable,  inasmuch  as  it  does  not  occur  in  the  older  rocks,  which 
are  generally  persistent  for  great  distances  and  throughout  their 
whole  thickness,  except  in  the  case  of  the  conglomerates. 

Amongst  the  special  phenomena  which  the  author  describes  in 
this  formation,  may  be  mentioned  the  great  inclination  of  the  upper 
limestone  beds  in  certain  localities,  also  that  the  disturbances  in 

the  stratification  of  the  zone  of  claj^s  and  gypsum  are  milch  more 
distinct  than  in  the  upper  zone  of  limestone  ;  they  present  nume- 

rous undulations  more  or  less  abrupt  in  their  stratification.  On  the 
left  bank  of  the  Jarama  are  the  soda-mines  of  Protectora,  4  or  5 
kilometres  east  of  Crempozuelos  ;  the  beds  are  horizontal  and  con- 

sist of  clays  and  gypsum.  The  sulphates  of  soda  and  of  soda  and 
lime  which  are  worked,  occur  chiefly  in  the  clays  extending  through 
a  thickness  of  about  15  metres ;  they  occur  either  in  detached 
masses  in  cracks  and  hollows,  or  disseminated  throughout  the  whole 
mass.  One  of  these  cracks  is  very  remarkable,  having  an  undulating 
course  in  a  more  or  less  horizontal  direction.  Other  local  distur- 

bances and  unconformabilities  of  the  diff'erent  strata  are  described; 
they  are  probably  owing  to  some  agitation  of  the  waters  of  the  lake 
during  the  process  of  deposition.  The  origin  of  these  rocks  is 
attributed  to  mechanical  or  chemical  causes,  and  sometimes  to  a 
combination  of  the  two.  The  origin  of  the  gypsum  appears  to  the 
author  more  involved  in  difficulty.  Was  it  derived  from  springs  of 
water  which  held  it  in  solution,  or  was  it  the  result  of  metamorphic 
action  ?  The  gypsum  of  Madrid  is  found  in  beds  and  in  the  crys- 

talline form  of  selenite.  Masses  of  both  kinds  occur  also  in  the 

argillaceous  beds ;  sometimes  only  loose  plates  of  selenite  occiu',  at 
others  it  occurs  in  veins  either  single  or  intersecting  each  other,  and 
in  many  other  forms.  The  saccharoid  gypsum  or  alabaster  is  scarce 
in  this  province,  but  it  abounds  in  the  neighbouring  province  of  Gua- 
dalajara,  where  it  forms  large  masses  or  nodules,  which  are  enveloped 

in  a  red  argillaceous  covering  or  coat*. 
The  formation  of  silex  and  resinite  was  also  probably  owing  to 

springs  containing  it  in  solution.  The  emission  of  silex  during  this 
period  must  have  been  enormous,  for  almost  all  the  Tertiary  lime- 

stones contain  it  in  large  proportions,  as  much  as  20,  30,  or  40  per 
cent.  Magnesia  and  salts  of  soda  are  also  abundant ;  but  rock-salt 
does  not  exist  in  this  province,  although  it  is  found  in  the  neigh- 

bouring province  of  Toledo,  on  the  south  side  of  the  Tagus,  and  in 
the  district  of  the  Ebro  at  Remolinos,  province  of  Zaragoza.  Here 
the  beds  of  rock-salt  are  of  great  thickness,  it  being,  as  the  author 
observes,  a  remarkable  fact  that  this  substance,  originally  derived 
from  the  sea  (?),  should  occur  so  abundantly  in  a  freshwater  forma- 
tion. 

The  author  next  describes  in  detail  the  different  minerals  found 

in  this  formation,  many  of  which  are  interesting,  and  might  be  made 
of  great  commercial  importance  ;  they  are  quartz,  flint  or^silex,  resi- 

nite (both  opal  and  hyalite),  nitre,  salt,  sulphate  of  soda,  thenardite, 

*  See  Description  of  Nodules  of  Alabaster  in  the  Mines  of  Castellana  in  Tus- 
cany, by  W.  J.  H.    Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  282. 
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glauberite,  carbonate  of  lime,  sulphate  of  lime,  magncsite,  argile,  and 
traces  of  lignite.  With  regard  to  its  palaeontology,  the  author  states 
that,  strange  as  it  may  appear,  not  a  single  fossil  shell  has  been 
found  of  which  it  was  possible  to  determine  the  species :  the  fos- 

sils belong  to  the  genera  Helix,  Lymncea,  Planorhis,  and  PalucUna. 
Melanopsis  has  been  found  in  the  neighbouring  provinces  of  Guada- 

lajara and  Toledo.  This  is  an  interesting  fact,  inasmuch  as  Spain  is 
the  only  European  region  in  which  a  true  living  Melanopsis  is  found, 
if  we  except  M.  buecinoides  or  prcerosa,  which  is  found  in  Greece, 
but  belongs  to  the  Asiatic  provinces,  being  abundant  in  many  parts 
of  Asia  Minor. 

With  regard  to  the  land  and  freshwater  shells  of  this  Tertiary  for- 
mation, the  author  observes  that  he  has  only  found  casts  of  them ; 

and  after  pointing  out  the  importance  of  local  monographs  of  differ- 
ent Tertiary  districts  in  Spain,  he  observes  that,  "  if  a  geologist 

would  devote  himself  for  several  years  exclusively  to  the  study  of 
the  Tertiary  formations  of  the  peninsula,  he  has  no  doubt  but  that  he 

would  discover  numerous  fossils  of  many  classes." 
Mammalian  remains,  however,  have  been  found  in  a  better  state 

of  preservation,  and  these  are  decidedly  characteristic  of  the  Miocene 
age.  No  bones  have  been  found  in  the  upper  or  limestone  zone  in 
this  province ;  but  they  occur  in  the  underlying  marls  and  in  the 
neighbouring  province  of  Toledo,  near  Barcience.  The  characteristic 
species  which  the  author  has  met  with  are  Mastodon  angustidens, 
M.  tapiroides,  Palceotherium  Aurelianense,  and  Hipparion,  and  a 
questionable  case  of  AnoplotJierium  murinum.  For  better  identifica- 

tion the  author  has  added  engravings  of  most  of  the  dental  remains 
which  he  found ;  and  in  addition  to  those  mentioned  above  is  a  molar 
tooth  of  Mhinoceros  Matritensis,  Lartet,  a  molar  of  Sus,  probably  S. 
Loclcarti.  Sus  palceochoirus  has  also  been  found  near  Madrid,  but 
the  author  had  not  seen  it,  as  well  as  molars  of  Palceomeryx,  pro- 

bably P.  JBojani. 
The  author  then  describes  the  different  elevatory  actions  to  which 

the  Cretaceous  and  Tertiary  formations  have  been  subjected.  These 
have  evidently  been  both  partial  and  general ;  but,  as  the  author 
observes,  much  remains  to  be  done,  in  Spain  particularly,  to  enable 
the  geologist  to  reduce  the  elevatory  phenomena  to  anything  ap- 

proaching a  perfect  system.  The  concluding  portion  of  the  work  is 
devoted  to  a  minute  examination  and  description  of  the  deposits  of 
the  Quaternary  or  Diluvial  period ;  the  various  phenomena  attend- 

ing them  and  the  different  rocks  of  which  they  are  composed  are 
analyzed  with  great  care.  Traces  of  glacial  action  are  uncertain  ; 
the  author  rather  inclines  to  the  belief  that  the  Diluvial  beds  owe 
their  origin  to  aqueous  causes ;  a  certain  amount  of  stratification  is 

generally  visible.  The  Diluvium  may  be  separated  into  three  divi- 
sions ;  the  uppermost,  which  is  most  seen  in  this  province,  consists 

of  sands,  the  second  of  marls  and  clay,  and  the  third  or  lowest  of 
gravel  or  stone.  These  are  the  terms  usually  applied  by  the  workmen ; 
but,  as  the  author  observes,  there  are  clays  and  gravel  in  the  upper- 

most, gravel  and  sand  in  the  second,  and  sand  in  the  lowest  beds.   He 
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then  describes  the  successive  changes  and  phenomena  which  took 
place  during  this  period,  tending  to  the  deposition  and  formation  of 
the  different  beds  ;  he  also  alludes  to  the  great  changes  which  the 
older  rocks  themselves,  which  form  the  Diluvium,  have  undergone 
during  this  period.  The  quartz  and  quartzites  are  generally  only 
changed  into  rolled  pebbles,  although  some  blocks  of  quartzite 
are  to  be  seen  with  traces  of  a  conical  structure,  as  if  they  had 
been  violently  struck  with  a  heavy  blow ;  this  is  shown  on  the  out- 

side by  circular  fissures  which  penetrate  into  the  interior,  expand- 
ing more  and  more  from  the  centre  ;  the  feldspar  and  Silurian  slates 

are  reduced  to  an  argillaceous  state.  Even  the  blocks  of  granite 
have  so  completely  lost  their  coherence  that  they  can  be  cut  through 
with  the  spade  or  mattock.  The  same  thing  occurs  with  the  lime- 

stone, and  even  with  gneiss,  which  is  generally  so  little  liable  to  de- 
composition. One  of  the  most  remarkable  diluvial  phenomena  in 

this  district  is,  that  the  calcareous  rocks,  after  losing  their  coherence 
by  the  operation  of  diluvial  agents,  and  being  scattered  amongst  the 
sands  and  clays,  did  not  become  mixed  up  with  them,  but  remained 
quite  isolated,  although  reduced  to  a  soft  earthy  state.  Yery  few 
cases  of  hard  rock  occur  in  the  Quaternary  beds,  although  the  author 
observed  a  few  small  bands  or  patches  of  conglomerate  or  pudding- 
stone  cemented  together  by  a  calcareous  or  ferruginous  matrix. 
Calcareous  tuff  is  very  scarce.  There  are  very  few  caverns  of  any 
importance  in  the  limestone  rocks  in  this  district.  There  is  only 
one  worth  noticing,  called  the  Cueva  del  Eeguerillo,  in  the  Ponton 
de  la  Oliva  ;  it  contains  numerous  stalactitic  and  stalagmitic  forma- 

tions. No  bones,  ancient  or  modern,  have  been  found  in  it ;  but  as 

yet  no  excavations  have  been  made  in  the  stalagmitic  bottom,  al- 
though in  the  neighbouring  provinces  of  Segovia  and  Guadalajara 

there  are  several  caverns  from  which  objects  of  great  interest  have 
been  collected.     The  author  does  not  say  what  they  were. 

The  paleeontological  discoveries  in  this  Quaternary  formation  are 
extremely  poor  in  Spain,  in  the  province  of  Madrid  almost  nil ; 
tusks  and  bones  of  an  elephant  were  found  by  M.  Graells  near  San 
Isidro.  This  probably  belongs  to  a  new  species ;  for  the  author  states 
that  Dr.  Falconer,  who  saw  the  remains  in  Madrid,  at  once  declared 

that  they  did  not  belong  to  either  Eleplias  primigenius,  or  E.  afri- 
canus,  or  E.  armenianus.  Another  lower  jaw  with  three  molar  teeth, 
also  found  near-  San  Isidro,  probably  belongs  to  Cervus  elaphus. 
Cervus  tarandus  has  not  yet  been  found  in  Spain,  and  it  is  remarkable 
that  these  two  species  are  never  found  inhabiting  the  same  locality. 

The  author  concludes  with  an  account  of  some  flint  hatchets  found 

in  the  diluvium  of  San  Isidro,  as  far  back  as  1850,  in  the  gravel  and 
below  the  beds  containing  the  elephant  bones,  and  vrith  some  re- 

marks on  the  antiquity  of  man,  on  the  recent  and  vegetable  soils, 
and  on  the  remains  of  pre-historic  times.  He  feelingly  alludes  to 
the  difiiculties  he  has  had  to  contend  with  in  the  total  absence  of  all 

geological  observations  on  this  district  before  he  undertook  his  task ; 

and  every  geologist  will  sympathize  with  his  last  words — "  I  always 
started  from  Madrid  with  my  knapsack  and  hammer  cheerful  and 
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full  of  joy,  on  my  return  I  never  entered  its  gates  without  a  vague 

feeling  of  sadness." 
I  have  much  pleasure  in  stating  that  four  more  parts  of  the  work 

of  Major  Crescenzo  Montagna,  entitled  <Generazione  della  terra,' 
to  which  I  alluded  on  a  former  occasion,  have  since  been  published ; 
they  are  written  in  the  same  moderate  and  careful  spirit  as  the 
former  ones.  The  author  has  avoided  all  extreme  and  exaggerated 
views.  He  adheres  to  the  generally  received  opinions  respecting  the 
fixity  of  species,  and  protests  strongly  against  the  doctrine  of  trans- 

mutation and  the  Darwinian  theory.  In  the  16th  and  17th 
chapters  of  the  fourth  book  will  be  found  some  interesting  consider- 

ations respecting  the  appearance  and  disappearance  of  species  on 
the  surface  of  the  earth.  He  rejects  the  doctrine  of  great  breaks  in 
the  order  of  succession  of  animal  life,  as  well  as  of  those  cataclysmal 

paroxysms  which  are  supposed  to  have  caused  them ;  on  the  con- 
trary, he  finds  a  passage  of  genera,  and  even  of  species,  from  one 

formation  to  another ;  many  species  have  survived  the  causes  which 
led  to  the  destruction  of  others,  and  have  continued  to  hve  on 
together  with  the  newly  created  forms.  And  with  regard  to  the 
introduction  of  new  and  the  extinction  of  old  species,  he  points  to 
many  causes  which  may  have  occasioned  the  latter  phenomena ;  but 
he  maintains  that  man  in  his  present  state  of  knowledge  is  unable 
to  understand  how  new  forms  have  been  brought  into  existence, 

except  by  the  will  and  law  of  the  Creator.  With  regard  to  the  ex- 
tinction of  species  he  has,  however,  committed  one  serious  geogra- 

phical error  when  he  states  (p.  335),  "  Quite  recently,  according  to 
Lyell,  the  extinction  of  the  JDodo  has  been  noticed,  a  bird  which  at 

no  very  distant  period  was  an  inhabitant  of  the  British  Isles." 
He  protests  in  the  strongest  language  against  the  doctrine  of 

transformation  of  species,  and  considers  the  idea^that  a  mollusk  could 
become  a  fish,  or  a  lizard  a  man,  as  worthy  only  of  a  madman,  and  a^ 
giving  but  poor  evidence  of  the  progress  of  civilization  at  the  present 
time. 

In  a  subsequent  passage,  however,  he  bears  testimony  to  Mr.  Dar- 

win's great  merits  in  showing  to  what  an  extent  the  variety  of  species 
does  sometimes  extend,  and  in  endeavouring  to  get  rid  of  the  endless 
multiplication  of  species  which  some  naturalists  endeavour  to  set  up 
on  the  strength  of  slight  variations  of  form  and  markings,  which  are 

really  only  the  result  of  local  conditions  or  a  change  of  geographi- 
cal position. 

The  work  is  accompanied  by  numerous  plates,  dra^vn  and  engraved 
by  the  author  himself.  It  is,  however,  to  be  regretted  that  the  work 
has  not  been  more  expeditiously  completed,  as  the  last  numbers 
have  not  yet  been  published. 

In  the  Bulletin  of  the  Geological  Society  of  Prance  for  last  year*, 
M.  Boue  has  published  a  paper  giving  his  reasons  for  now  modifying 
some  of  his  views  respecting  his  classification  of  Turkish  Geology, 
published  in  1840.     Human  knowledge,  he  says,  advances  by  the 

*  Bull,  de  la  Soc.  Geol.  dc  France,  deuxieme  serie,  vol.  xxii.  p.  164. 
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discovery  of  neAV  facts  as  well  as  by  the  application  of  new  theories. 
He  shows  that  this  has  been  the  case  in  every  branch  of  science. 

Zoology,  propped  up  by  comparative  anatomy,  is  now  a  very  dif- 
ferent science  from  what  it  was  ;  it  is  the  same  in  the  case  of  geo- 

logy, both  theoretical  and  practical.  About  20,000  works  or  me- 
moirs have  as  yet  appeared  on  geological  geography,  the  publication 

of  which,  during  the  last  fifty  years,  shows  a  kind  of  geometrical  pro- 
gression. The  range  of  geological  science  increases  in  proportion  as 

we  discover  new  facts,  and  these  again  increase  the  number  of  for- 
mations and  the  limits  of  their  successive  beds. 

M.  Bone  then  points  out  the  difiiculties  he  had  to  contend 
with  when  he  made  his  expeditions  into  Turkey,  partly  owing  to  the 
social  and  physical  condition  of  the  country  itself,  and  partly  to  the 
total  absence  of  all  knowledge  respecting  the  physical  features  of  the 
country  and  the  want  of  correct  maps.  Even  the  geology  of  the 

neighbouring  countries  with  which  that  of  Turkey  in  Europe  is  con- 
nected, namely,  the  Eastern  Alps,  the  Carpathians,  and  Transylvania, 

was  but  imperfectly  knoAvn  at  that  time.  Thanks  to  the  Geological 
Institute  of  Vienna,  these  points  have  now  been  clearly  made  out, 
and  we  have  the  means  of  instituting  a  more  satisfactory  comparison 
between  the  formations  of  the  two  districts  ;  but  a  new  expedition 
into  Turkey  in  Europe  is  much  wanted.  In  the  meantime,  M.  Bone 
endeavours  in  the  following  propositions  to  point  out  some  of  the 
errors  contained  in  his  former  works : — 

1.  He  is  convinced  of  the  existence  of  the  Palaeozoic  system  in 
Turkey  in  Europe,  not  only  along  the  Bosphorus  and  in  the  central 
portion  of  the  chain  which  runs  along  the  coast  of  the  Black  Sea,  the 
Little  Balkan,  but  also  in  the  centre  of  Upper  Moesia,  and  in  the 
middle  of  Bosnia,  about  Yoinitza,  towards  Trawnik  and  Kiseliak. 

2.  If  the  old  Carboniferous  formation  appears  to  be  wanting  in 
Turkey,  the  Trias  of  the  Alps  and  the  Carpathians,  with  its  peculiar 
fades,  exists  in  many  places,  as  in  the  south-east  of  Servia,  in 
Western  Bulgaria  and  Upper  Moesia  (part  of  Servia),  and  in  parts  of 
Bosnia.  He  does  not  believe  it  exists  in  Epirus  or  Albania.  It  is 
probably  covered  up  by  younger  formations  in  the  Herzegovina.  M. 
Hauer  has  found  a  trace  of  it  at  the  southern  extremity  of  Austrian 
Albania. 

3.  The  Alpine  Lias,  that  compact  and  partly  dolomitized  limestone 
characterized  by  ilfc(jf«?oc/o7i,  appears  to  occupy  a  considerable  portion 
of  Turkey,  particularly  in  Bosnia  and  Servia,  and  many  other  locali- 

ties which  are  mentioned  by  the  author  with  more  or  less  cer- 
tainty. 

4.  Yarious  Jurassic  lech,  which,  for  want  of  evidence,  cannot  be 
more  specially  described,  occur  in  the  mountains  of  the  Bannat  and 
►Servia,  and  in  the  south-west  of  Servia,  in  Bosnia,  and  in  Mount 
Pindus,  now  Mezzovo,  and  in  the  chain  of  Agropotamos  [query  As- 
propotamos  ?].  He  also  is  of  opinion  that  the  beds  of  Kossen  and  of 
Hierlatz  occur  in  Bosnia. 

5.  The  Dolomitic  formation  forms  a  serrated  and  sometimes  double 

ridge  between  the  Prokletia  and  the  Albanian  Drino  as  far  as  Yronatz 
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in  Central  Bosnia,  as  well  as  in  the  south  of  Montenegro,  in  Mace- 
donia, and  in  other  places.  He  thinks  it  was  a  mistake  to  class  these 

rocks  with  the  Cretaceous  system,  on  account  of  their  close  resem- 
blance to  the  dolomites  of  the  Tyrol  and  of  the  Eastern  Alps.  He  is 

inclined  to  adopt  the  view  of  M.  Eichtofer,  that  the  dolomites  are 

the  remains  of  coral-reefs  partly  denuded  and  considerably  mine- 
ralized. 

6.  The  Neocomian  system  appears  to  be  very  abundant  in  Turkey 

particularly  in  the  Balkan,  Upper  Eastern  Macedonia,  Western  Dar- 
dania,  and  in  Servia,  probably  also  in  Bosnia.  It  is  very  fossili- 
ferous. 

7.  The  Cretaceous  formation  with  Orhitolites  traverses  the  whole 

of  Bulgaria  a  short  distance  to  the  north  of  the  Balkan.  It  also  oc- 
curs in  the  centre  of  Servia,  with  many  fossils. 

8.  The  Gosau  formation  is  found  occasionally  in  Turkey,  parti- 
cularly in  Eastern  Servia  and  in  Bosnia,  characterized  by  Tomatella 

gigantea.  Limestones  with  Nerincea  are  also  found  in  Upper  Al- 
bania. 

9.  The  Cretaceous  system  with  JRudistes  occurs  in  considerable 
masses  throughout  Western  Turkey  and  in  Macedonia,  as  well  as  in 
Servia.  It  is  marked  by  bands  of  fossils  on  several  plateaux  of  the 
limestone-mountains  of  Bosnia,  Upper  Albania,  and  Mount  Pindus, 
as  well  as  in  the  south-west  of  Macedonia. 

10.  The  Chalk-marl  with  Belemnites  has  only  been  observed  in 
Western  Bulgaria. 

11.  The  Eocene  arenaceous  beds  of  the  Carpathians  and  Vienna,  or 
the  Tertiary  flysch,  is  weU  developed  in  Central  Servia,  Western  Bul- 

garia, Epirus,  and  Southern  Albania  along  the  coast. 
12.  The  Nummulitic  system  occurs  in  parts  of  Albania  towards 

Epirus,  in  the  west  of  Thessaly,  Southern  Albania,  and  in  the  Her- 
zegovina, as  well  as  in  the  neighbourhood  of  Yarna,  in  Bulgaria,  and 

in  Eastern  Thrace. 

13.  The  Miocene  formation,  or  rather  the  Neogene  of  Vienna,  is 
found  with  its  clays  and  fossiliferous  limestones  in  the  great  Servian 
valleys,  in  the  basins  of  the  Msh  and  Upper  Drin,  and  in  numerous 
other  basins  throughout  the  country. 

14.  Erratic  blocks  are  doubtful. 
15.  The  author  also  mentions  several  places  where  the  Eocene  beds 

have  been  pierced  by  serpentines,  diorites,  and  metalliferous  por- 

phyries. 
In  the  '  Smithsonian  Contributions  to  Knowledge '  for  1865  wiU  be 

found  an  interesting  work  by  Dr.  Leidy  on  the  Cretaceous  Reptiles  of 
North  America.  The  author  had  originally  intended  to  include  an 
account  of  the  fossil  fishes,  and  thus  to  form  a  monograph  of  the  ex- 

tinct vertebrata  of  the  Cretaceous  period ;  but  this  he  found  was 
impracticable  at  present.  No  other  vertebrata,  birds  or  mammals,  have 
been  found  in  the  Cretaceous  deposits  of  any  part  of  America.  Most 
of  the  fossil  remains  described  in  his  memoir  were  obtained  in  New 

Jersey ;  many  were  found  in  the  Greensand,  which  is  largely  exca- 
vated for  agricultural  purposes,  and  others  were  obtained  from  lime- 
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stone  beds.  The  Cretaceous  formations  constitute  a  large  tract  of 
country,  extending  through  the  States  of  New  Jersey,  Maryland,  and 
Delaware ;  they  appear  in  isolated  patches  in  North  and  South  Caro- 

lina and  in  Georgia.  More  extensively  developed  in  the  western 
portion  of  the  latter  state,  they  curve  in  a  wide  crescent-shaped  tract 
through  Alabama,  Mississippi,  and  Tennessee,  to  the  mouth  of  the 
Ohio  river.  Thence,  passing  in  a  narrow  band  through  Arkan- 

sas, they  afterwards  expand  to  an  enormous  extent,  and  occupy  a 
great  portion  of  the  region  between  the  Mississippi  river  and  the 
Rocky  Mountains,  reaching  north  into  the  British  possessions  and 
south  into  Mexico. 

Then  follows  a  very  detailed  account  of  all  the  species  hitherto 
found  in  the  United  States,  the  most  characteristic  of  the  Crocodilian 
remains  being  a  nearly  entire  skull  of  Thoirtcosaiirus  neocesariensis. 
The  species  described  are  28  in  number,  belonging  to  23  genera,  viz. 
18  Saurians  and  5  Chelonians.  The  work  is  illustrated  by  20 
beautifully  executed  lithographic  plates,  and  the  author  anticipates 
that,  when  the  western  and  southern  Cretaceous  regions  shall  have 
been  explored,  many  additions  will  be  made  to  these  remains,  nearly 
all  of  which  have  been  obtained  from  the  eastern  border. 

I  stated  last  year  that  M.  Jules  Marcou  had  discovered  and  described 
a  remarkable  deposit  of  fossil  plants  in  the  Nebraska  territory,  which, 
from  its  position,  appeared  to  be  unequivocally  Cretaceous,  although 
the  forms  were  considered  by  Professor  Heer  to  be  of  decidedly 
Miocene  character.  I  have  now  before  me  an  interesting  notice  on 

the  position  of  these  leaf-beds  of  the  Nebraska  by  MM.  Capellini  and 
Heer,  the  former  of  whom  visited  and  examined  them  in  1863,  while 
the  latter  gives  a  detailed  account  of  the  species.  Notwithstanding 
his  first  conviction  that  the  beds  containing  the  vegetable  impressions 
belonged  to  a  Tertiary  formation,  M.  Capellini  was  convinced  by  sub- 

sequent examinations  that  they  occurred  at  the  base  of  the  Cretaceous 
beds,  well  marked  by  the  abundance  of  Inocerarmis  prohlematicus. 
The  vast  extent  of  country  over  which  these  beds  occur  in  an  undis- 

turbed horizontal  position  precludes  the  possibility  of  any  inversion 
of  the  strata. 

The  following  observations  of  Professor  Heer,  before  describing  the 
species,  will  be  read  with  interest.  The  collection  consists  of  16 
species  (all  leaves),  four  of  which  are  badly  preserved.  They  are  all 
dicotyledonous,  and  we  may  in  all  probability  refer  1  to  the  genus 
Ficus,  1  to  Salix,  1  to  Diospyrus,  2  to  the  genus  Populus,  and  2  to 
Magnolia.  These  are  all  living  genera,  and  are  also  found  in  the 
Tertiary  formation.  Comparing  these  Nebraska  plants  with  the  Cre- 

taceous plants  of  Europe,  we  find  no  identical  species  ;  even  the 
greater  part  of  the  genera  are  difierent.  The  Cretaceous  flora  of 
Hainaut  in  Belgium,  and  those  of  Blankenburg  and  Quedlinburg,  are 

also  quite  diff'erent.  The  Cretaceous  flora  of  Moletein  in  Moravia 
offers  a  greater  resemblance  ;  it  contains  2  species  of  Ficus  and  2 
of  Magnolia.  There  exists,  therefore,  a  certain  relationship  between 
the  Nebraska  flora  and  that  of  the  Upper  Chalk  of  Europe,  although 
there  are  no  identical  species.     Hitherto,  however,  the  genera  which 



XCU  PBOCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

characterize  the  Cretaceous  flora  of  Europe  have  not  been  found  at 

JN^ebraska. 
If  we  compare  the  plants  of  the  Nebraska  with  the  Tertiary  plants 

we  find  no  identical  species,  but  seven  genera  {Populus,  Salix,  Ficus, 
Platanus,  Andromeda,  Diospyrus,  and  Magnolia),  which  are  both 
Miocene  and  still  living  ;  thus  the  flora  of  the  Nebraska  is  more 
closely  connected  with  the  Tertiary  than  with  the  Cretaceous  flora  of 

Europe.  "We  must  also  remember  that  we  are  acquainted  with  only a  small  number  of  the  American  species,  and,  on  the  other  hand, 
that  the  Cretaceous  flora  of  Europe  is  more  allied  to  the  Tertiary  flora 
than  was  generally  supposed.  In  the  Cretaceous  flora  of  Moletein 
in  Moravia  are  found  Ficus  and  Magnolia,  which  resemble  Tertiary 
species ;  one  of  the  Myrtacece,  resembling  the  Eucalyptus  rhododen- 
droides,  Mass.,  of  Monte  Boloa  ;  a  Juglayis,  and  a  Laurinea,  analogous 
to  those  of  the  Tertiary  flora ;  a  Pinus,  and  two  other  Coniferce 
belonging  to  the  genus  Sequoia,  very  abundant  in  Europe  and 
America  during  the  Miocene  period,  and  which  is  now  found  only 
in  California. 

As  the  Cretaceous  fishes  more  closely  resemble  the  Tertiary  than 
the  Jurassic  fishes,  the  Upper  Cretaceous  flora  is  also  quite  distinct 
from  the  Jurassic,  and  is  more  allied  to  the  Tertiary  flora ;  and  it 
appears  that  in  America  there  is  a  closer  connexion  between  the 
Tertiary  and  the  Cretaceous  floras  than  in  Europe. 

It  is  very  remarkable  that  the  plants  of  the  Nebraska  bear  so 
much  resemblance  to  the  living  flora  of  America,  whilst  the  Cretaceous 
flora  of  Europe  has  rather  an  Indo- Australian  character.  Thus  it 
appears  that  since  the  Chalk  period  the  flora  of  America  has  not  un- 

dergone so  great  a  change  as  the  flora  of  Europe  ;  and  whilst  the 
Cretaceous  flora  of  Europe  is  altogether  different  from  the  living 
European  flora,  that  of  Nebraska  contains  eight  genera  which  are 
still  living  in  America ;  and  it  is  remarkable  that  the  greater  part  of 
them  are  still  found  in  the  same  latitude. 

I  flnd  in  one  of  the  last  numbers  of  the  '  Proceedings  of  the 
American  Philosophical  Society,  held  at  Philadelphia'  *,  an  interest- 

ing account  by  Mr.  Lesley  of  a  recent  discovery  of  Lignite  in  iron- 
ore  at  Pond  Bank,  in  Eranldin  County,  Pennsylvania,  and  in  which 
he  describes  the  importance  of  the  discovery  in  a  theoretical  point  of 
view.  Only  one  similar  discovery  had  before  been  made,  namely,  in 
Yermont,  and,  as  Mr.  Lesley  observes,  they  reopen  the  discussion  of 
the  age  of  the  present  Silurian,  Devonian,  and  Carboniferous  surfaces, 
and  suggest  an  entire  revolution  in  the  generally  accepted  modes 
of  regarding  the  production  of  Appalachian  topography.  The  Lignite 
was  struck  in  a  shaft  40  feet  below  the  surface  ;  it  contains  large 
logs  of  wood,  which  is  partly  converted  into  a  brilliant  cannel  coal, 
and  the  rest  of  it  into  common  brown  coal.  Its  extent  is  by  no 
means  considerable ;  and  Mr.  Lesley,  dissenting  from  the  views  of 
Professor  Hitchcock,  describes  it  as  a  mere  plug  of  coal  thrust  ver- 

tically downwards  into  a  mass  of  clay.     It  is  closely  associated  with 

*  Vol.  ix.  p.  463. 
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the  great  belt  of  iron-ore  or  haematite  which  extends  along  the  great 
valley  for  many  hundred  miles  in  Pennsylvania  and  Virginia  ;  but 
he  is  anxious  to  show  that  the  Lignite  and  the  iron-ore  are  neither 
of  the  same  age  nor  possessed  of  any  structural  attribute  common  to 
both. 

Mr.  Lesley  considers  that  it  is  the  extreme  rarity  of  these  Lignite 
apparitions  in  one  of  the  most  wonderfully  continuous,  extensive,  and 
valuable  ore-belts  of  the  world  that  gives  them  all  their  importance  ; 
and,  notwithstanding  the  contrary  assertions  of  Dr.  Hitchcock,  he 
maintains  the  importance  of  carefully  separating  these  sporadic 
occurrences  of  Lignite  from  the  general  occurrence  of  the  iron- ore. 

In  describing  the  principal  features  of  the  great  ore-belt  of  the 
Atlantic  States  along  the  Great  (Lower  Silurian)  Valley,  which 
begins  in  Canada  and  ends  in  Alabama,  he  shows  that  it  belongs 
geologically  to  the  Lower  Silurian  limestone  formation.  It  consists, 
however,  of  two  parts — the  one  stratified  as  the  Silurian  limestones 
themselves,  the  other  as  a  surface -wash  over  the  basset  edge  of  the 
first.  The  date  of  this  latter  may  be  Tertiary,  or  even  later.  The 
stratified  portions  must  be  of  Lower  Silurian  age;  but  the  meta- 
morphism  which  they  have  undergone  in  situ,  productive  of  stratified 
clays  and  ores,  may  date  from  any  time  subsequent  to  the  formation 
of  a  surface-topography  approximately  identical  with  that  which  now 
exists.  The  actual  change  of  the  original  Lower  Silurian  calcoferrife- 
rous  sandstones  and  slates  in  situ  into  limonite-clay  beds  in  ipso  situ, 
stratified  as  before,  but  charged  witli  an  additional  percentage  of  the  ox- 

ides from  a  former  higher  surface  now  eroded,  and  with  this  extra  charge 
of  iron  and  manganese  carried  by  percolation  down  to,  and  crystallized 
against,  their  foot  rock,  may  have  required  an  immense  time  for  its 
completion,  and  was  no  doubt  going  on  pari  passu  with  the  degra- 

dation of  the  surface  by  slow  erosion  from  higher  to  lower  levels. 
He  then  shows  that  this  long  era  of  iron- ore  concentration  in  the 
Lower  Silurian  slates  could  not  have  commenced  until  after  the  close 

of  the  coal-era,  and  probably  at  a  much  later  period. 
The  author  then  describes  the  exact  geological  position  of  the  two 

great  belts  of  iron  deposit,  the  one  at  the  point  of  contact  between 
the  Lower  Silurian  limestone  and  the  overlying  slate-formation,  for- 

merly a  deposit  of  ferruginous  mud  ;  the  second  between  the  under- 
lying slate  and  the  lowest  sandy  layers  of  the  limestone,  lying  along 

the  foot  and  part  way  \ip  the  side  of  the  south  mountain.  In  one  of 
these  deposits  in  Pennsylvania  the  lignite  has  been  found. 

He  then  alludes  to  the  system  of  underground  caverns,  which  may, 
without  much  exaggeration,  be  called  a  single  cave,  extending  for  a 

thousand  miles  and  including  chambers,  some  of  which,  like  Weir's 
Cave,  have  acquired  a  world-wide  celebrity.  Many  of  the  brooks 
descending  from  the  mountain-sides  sink  into  these  caverns.  The 
river  drainage  on  the  surface  and  the  cavern  system  below  tell  one 
story,  namely,  ̂ Ae  eoatra  dissoluhility  of  this  jparticular  horizon  of  Lower 
Silurian  rocks.  The  fissures  which  are  now  being  enlarged  into 
caves,  and  the  caves  which  are  fast  growing  into  catacombs,  their 
roofs  every  now  and  then  falling  so  as  to  produce  funnel-shaped  sink- 
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holes  in  the  fields,  and  sometimes  in  the  roads,  receiving  leaves,  fruit, 
branches,  shells,  and  other  substances  with  every  great  spring-freshet 
— all  these  once  had  their  analogues  in  time  past. 

The  author  then  submits  that,  by  thus  reconstructing  the  older 
surfaces,  we  obtain  a  reasonable  explanation  of  the  sporadic  masses 
of  lignite,  two  of  which  are  now  known  to  exist  in,  or  rather  near,  the 
iron-ore.  It  is  only  necessary  to  suppose  a  sink-hole  so  formed  and 
so  stopped  up  below  as  first  to  receive  and  then  to  retain  an  accumu- 

lation of  forest-trash,  and  we  have  the  thing  ready  made  to  our  hand. 
The  author  then  proceeds  to  describe  in  detail  the  ore-banks  of  Mont 
Alto,  and  the  relationship  of  the  lignite  to  the  ore.  The  ore  is  in  fact 
nothing  but  the  residue  of  the  Silurian  slates  and  sandy  limestone 
beds  after  decomposition  and  dissolution,  after  the  lime  has  been 
washed  out  and  their  carbonated  and  sulphuretted  iron  has  been  hy- 
drated  and  peroxidized,  the  muddy  slates  forming  the  present  de- 

posits of  small  ore  with  white  and  red  clay,  while  the  sandy  Hmestone 
formed  the  present  harder  siliceous  rock  ore-belts.  He  concludes  with 
some  statistical  details  respecting  the  enormous  masses  of  haematite 
contained  in  this  remarkable  formation. 

As  showing  the  intensity  of  geological  changes  now  in  operation,M. 

Jules  Marcou  gives  an  account,  in  the  '  Bulletin  de  la  Soc.  Geol.  de 
France,'  of  the  result  of  his  observations  on  the  Palls  of  Niagara  after  an 
absence  of  fifteen  years.  Some  of  these  changes  are  very  remarkable. 
Looking  at  the  falls  from  the  Victoria  point  on  the  Canada  shore,  he 
says  that  he  could  not  observe  any  sensible  change  in  the  fall  on  the  left 
of  the  spectator,  which  is  the  American  fall ;  but  he  was  much  struck 
with  the  changes  which  had  taken  place  in  the  great  fall  to  the  right, 
known  as  the  Canadian  or  horseshoe  fall.  The  horseshoe  form, 
which  was  tolerably  regular  in  1850,  has  been  greatly  modified,  being 
considerably  worn  away  and  deepened  in  the  centre.  The  table  rock 
has  almost  entirely  disappeared ;  also  the  tower  known  by  the 
name  of  Terapine  is  nearer  to  the  edge  of  the  fall,  on  which  side  the 
mass  of  water  appears  to  have  increased,  while  it  has  diminished  in 
volume  near  the  table  rock  ;  there  also  appears  to  be  a  slight  dimi- 

nution in  the  volume  of  water  passing  by  the  American  fall,  be- 
tween the  American  side  and  Goat  Island. 

He  thus  tabulates  the  results  of  his  observations  : — 
1.  The  American  fall  retreats  very  slowly,  and,  compared  with 

the  Canadian  fall,  might  be  said  to  be  almost  stationary. 
2.  The  volume  of  water  in  the  American  fall  is  constantly  decreas- 

ing, and  will  continue  to  decrease  in  proportion  as  the  Canadian  fall 
retreats  ;  and  when  the  latter  shall  have  reached  the  islands  of  the 
Three  Sisters,  viz.,  in  eight  or  ten  centuries,  no  more  water  will 
pass  by  the  American  fall.  Goat  Island  will  be  joined  to  the 
mainland. 

3.  The  Canadian  fall  is  rapidly  retreating,  although  it  is  impossible 
to  give  any  rule  of  its  annual  retrograde  progression,  which  varies 
from  year  to  year. 

4.  The  mass  of  water  in  the  Canadian  fall  increases  as  it  diminishes 

in  the  American  faU,  besides  which  it  is  leaving  the  Canada  shore, 
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and  is  carried  more  towards  Goat  Island  and  the  centre  of  th  e  horse- 
shoe ;  from  which  he  concludes  that  the  retrograde  movement  of  the 

Canadian  fall  will  be  more  and  more  accelerated  ;  that  the  valley  of 
denudation  of  the  river  will  approach  Goat  Island,  and  will  then  turn 
to  the  east  with  an  abrupt  angle  as  at  the  whirlpool,  and  that  an- 

other whirlpool  will  be  formed  at  the  very  spot  where  the  Canadian 
fall  is  now  placed. 

He  concludes  his  paper  with  some  remarks  respecting  the  strati- 
graphical  relations  of  the  rocks  through  which  the  river  flows  above 
and  below  the  falls. 

Amongst  the  more  important  works  which  deserve  notice  on  an  occa- 
sion hke  the  present,  I  must  not  omit  the  '  Geological  Description  of 

New  Zealand,'  by  Dr.  Hochstetter,  who,  as  geologist,  accompanied 
the  expedition  of  the  Austrian  frigate  '  ISTovara '  round  the  world. 
The  work  consists  of  a  large  quarto  volume  in  two  parts,  the  first  of 

which  is  called  '  The  Geology  of  New  Zealand,'  the  second  '  The  Pa- 
laeontology of  New  Zealand.'  In  the  very  interesting  introduction  to 

this  work  Dr.  Hochstetter  shows  that  the  three  islands  belong  to  one 
and  the  same  system,  marked  by  a  characteristic  line  of  elevation 

from  S.W.  to  N.E.  interrupted  by  Cook's  Straits  between  the  two 
principal  islands.  This  mountain -chain  of  true  alpine  character  forms 
the  backbone  of  the  islands,  and  is  said  to  consist  of  zones  of  strati- 

fied and  unstratified  mountain-masses  of  difi'erent  ages,  which  have 
been  raised  by  plutonic  action.  It  is  accompanied,  in  the  northern 
island  at  its  western  base,  and  in  the  southern  island  at  its 
eastern  base,  by  zones  of  volcanic  rocks,  which  have  been  affected 
down  to  the  latest  periods  by  deep-seated  igneous  action.  The  lofty 
formations  of  the  volcanic  zones,  and  new  Tertiary  and  Quaternary 
sedimentary  deposits,  have  given  to  these  islands  their  present  form; 
which  is,  however,  even  now  undergoing  constant  changes,  both  from 
earthquakes  and  from  still  continuing  elevations  and  depressions. 
The  geological  maps  of  these  islands,  even  in  their  still  imperfect  state, 
as  compared  with  the  detailed  geological  maps  of  western  Europe, 
show  a  very  great  variety  of  formations  ;  and  although  it  may  not 
yet  be  possible  to  establish  an  exact  parallelism  between  them  and 
the  order  of  formations  in  Europe,  there  is  already  sufficient  evidence 
to  prove  that  the  stratified  rocks  of  Europe  have  here  their  represen- 

tatives from  the  oldest  metamorphic  formations  to  the  newest  sedi- 
mentary deposits,  and  that  the  eruptive  formations  extend  from  the 

oldest  plutonic  rocks  to  the  most  recent  volcanic  lavas. 
He  considers  that  New  Zealand,  with  its  peculiar  living  fauna  and 

flora,  differing  so  completely  from  the  neighbouring  regions  of  Australia, 
the  South- Sea  Islands,  and  South  America,  is  admirably  adapted  for 
testing  the  correctness  of  the  theory  of  Professor  Agassiz,  that  no 
specific  identity  can  be  shown  between  animals  living  at  a  great  dis- 

tance from  each  other,  even  when  they  existed  contemporaneously ; 
but  that  rather  genera  of  the  same  family,  even  when  belonging  to 
different  geological  periods,  are  more  closely  allied  to  each  other  when 
they  belong  to  the  same  latitudes  than  those  of  the  same  geological 
age,  but  which  are  derived  from  different  geographical  zones. 
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With  regard  to  the  marine  fauna,  it  appears  from  Dr.  Zittel's  ex- 
amination of  the  fossils  that  the  molluscous  fauna  of  the  younger 

Tertiary  deposits  is  closely  allied  to  the  living  fauna,  very  much  in 
the  same  proportion  as  that  of  the  Subapennine  formation  of  Italy  is 
allied  to  the  existing  fauna  of  the  Mediterranean.  The  same  genera 
occur,  both  fossil  and  living,  and  even  the  species  are  not  unfre- 
quently  identical ;  at  the  same  time  they  have  a  great  resemblance 
to  the  Tertiary  fossils  of  Chili  and  Patagonia,  described  by  Sowerby 

and  D'Orbigny,  i.  e.  to  a  fossil  fauna  of  the  same  age  and  from  the 
same  degree  of  latitude. 

But  if  we  consider  the  remains  derived  from  older  formations,  we 
find  that  the  Ammonites,  Belemnites,  Inoceramus,  &c.  of  the  nor- 

thern island,  which  belong  to  the  upper  beds  of  the  Mesozoic  period 
(Jura  and  Chalk  formation),  so  closely  resemble  European  forms  of  the 
same  age,  that  one  is  almost  tempted  to  look  upon  them  as  European 
species ;  more  particularly  the  Belemnites,  belonging  to  the  group  of 

the  Ganaliculati,  D'Orb,,  so  completely  agree  with  the  Belemn. 
canalicalatus,  Sehloth,  that  it  is  almost  impossible  to  find  sufficient 
difierences  to  justify  the  adoption  of  a  new  name.  Moreover,  the 
oldest  fossiliferous  beds  which  are  found  on  the  southern  island,  not 
far  from  Nelson,  contain  the  genera  Monotis  and  Halolia,  which  can- 

not be  distinguished  from  the  European  forms  Monotis  salinaria  and 
Halohia  Lommeli,  Wissm.,  from  the  Trias  of  the  Alps. 

Dr.  Hochstetter  observes  that  these  facts,  if  confirmed,  would  go 
to  prove  that  the  faunas  of  former  periods  show  an  affinity  and  a 
correspondence  in  the  northern  and  southern  hemispheres  which  do 
not  exist  in  the  now  living  faunas — a  conclusion  hardly  in  accord- 

ance with  the  above-quoted  views  of  Agassiz,  but  quite  in  harmony 
with  the  more  generally  prevailing  opinion,  that  the  older  the  for- 

mations are,  the  greater  is  the  resemblance  in  their  fossil  remains, 
even  in  districts  at  a  great  distance  from  each  other. 

He  then  gives  a  general  view  of  all  the  different  formations,  with 
their  respective  subdivisions  in  New  Zealand,  from  which  he  con- 

cludes that  ̂ '  at  the  period  when  the  neighbouring  Australia,  which 
was  (at  least  so  far  as  relates  to  those  portions  which  consist  of  Palae- 

ozoic formations)  one  of  the  oldest  continents  of  the  earth,  rose  above 
the  waters  of  the  ocean,  certain  portions  of  New  Zealand  also  ap- 

peared as  rugged  land  above  the  ocean ;  in  a  different  form,  it  is 
true,  from  what  it  now  presents,  and  possibly  in  connexion  with 
vast  continental  masses  which  have  long  ago  been  again  submerged. 
But  while  Australia,  in  its  eastern  and  western  portions,  has  been 
little,  if  at  all,  disturbed  since  the  conclusion  of  the  Palaeozoic  period, 
so  that  animals  and  plants  could  live  and  reproduce  themselves 
in  an  unbroken  sequence  down  to  the  present  day.  New  Zealand,  on 
the  contrary,  was,  even  to  the  most  recent  period,  the  theatre  of 
gigantic  terrestrial  disturbances  and  powerful  terrestrial  conflicts, 
which,  continually  changing  the  original  form  of  the  land,  have 
gradually  given  it  its  present  configuration. 

After  these  general  views,  the  author  proceeds  to  give  a  detailed 
account  of  all  the  geological  features  of  the  north  and  south  islands, 
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describing  first  the  physical  features  of  the  different  regions,  and 
then  their  respective  geological  formations  in  the  following  order : — 
1.  Palaeozoic;  2.  Mesozoic;  3.  Cainozoic,  divided  into  brown  coal- 
beds  and  marine  deposits ;  4.  Post-tertiary  formations  ;  5.  Yolcanic. 

Amongst  the  volcanic  phenomena  hot  springs  and  fumarole  are 
most  remarkable,  and  developed  to  an  extent  which  can  only  be 
compared  with  the  analogous  phenomena  in  Iceland.  Both  the 
chemical  and  mechanical  features  in  these  hot  springs  are  identically 
the  same,  notwithstanding  the  vast  distance  by  which  they  are 
separated.  Another  remarkable  fact  is,  that  the  crystalline,  or 
metamorphic  rocks,  as  well  as  the  igneous  rocks,  as  granite,  syenite, 
&c.,  which  form  so  important  a  feature  in  the  southern  island,  are 
altogether  wanting  in  the  northern  island. 

The  second  part  of  this  work  contains,  as  I  have  said  before,  an 
account  of  the  Palaeontology  of  New  Zealand,  and  consists  of  the 
following  monographs : — 

I.  Remains  of  Possil  Plants,  with  5  plates,  by  Dr.  Franz  Unger. 
II.  Fossil  MoUusca  and  Echinodermata,  with  10  plates,  by  Dr. 

Karl  Zittel.     The  Brachiopods,  by  Edward  Suess. 
III.  The  Foraminifera  of  the  Tertiary  Greensand  of  Orakei  Bay, 

near  Auckland,  with  one  plate,  by  Felix  Karrer. 
ly.  Fossil  Bryozoa  from  the  Tertiary  Sandstone  of  Orakei  Bay, 

near  Auckland,  with  4  plates,  by  Dr.  Ferdinand  Stoliczka. 
Y.  The  Foraminifera  of  the  Tertiary  Marl  of  Whaingaroa  Har- 

bour (Auckland),  with  4  plates,  by  Dr.  Guide  Stache. 
YI.  Report  on  an  almost  perfect  skull  of  Pala^teryx,  with  2 

plates,  by  Dr.  Gustav  Jaeger. 
Dr.  Stache  concludes  his  interesting  monograph  (No.  Y.)  with 

some  important  generalizations,  and  shows  that  this  foraminiferous 
fauna  belonged  to  two  groups,  evidently  derived  from  two  different 
sea-depths ;  and  vsdth  regard  to  their  geological  age,  he  shows  that 
they  bear  the  greatest  resemblance  to  the  Neogene  fauna  of  the 
Yienna  basin,  whilst  at  the  same  time  there  are  indications  of  an 
older  period,  approaching  the  Upper  Oligocene  beds  of  the  north 
of  Germany. 

I  must  now  direct  your  attention  to  a  work  entitled  '  Frost  and 
Fire,'  by  Mr.  J.  F.  Campbell,  which  will  be  read  with  satisfaction 
by  all  who  are  interested  in  the  physical  causes  which  have  led  to 

the  structure  of  the  earth's  surface.  Although  the  style  of  the  work 
is  somewhat  quaint,  and  the  arguments  occasionally  slightly  obscure, 
we  cannot  but  admire  the  energy  and  perseverance  with  which  the 
author  pursued  his  researches  after  the  causes,  whether  heat  or  cold, 
frost  or  fire,  which  have  been  at  work  as  the  tools  and  forces  which 

have  shaped  the  earth's  crust,  either  by  denudation,  deposition,  or 
upheaval. 

Starting  from  various  physical  calculations,  balloon  observations, 
and  the  temperature  on  high  mountains,  he  assumes  that  a  low  tem- 

perature exists  in  the  space  through  which  the  earth  travels.  De- 
scending from  these  outer  regions,  through  "  air,"  "  water,"  and 

"rocks,"  to  mines,  he  finds  that  the  temperature  increases  towards  the 
VOL.  XXII.  g 
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earth's  centre,  while  hot  springs  and  lava-currents  indicate  stiU 
greater  heat  below  the  mines  thus  reached.  Thus  between  attain- 

able limits  we  find  cold  outside  and  heat  inside  the  earth's  crust 
composed  of  ponderable  materials,  all  of  which,  either  separately  or 
combined,  can,  and  do,  exist  in  three  conditions — Damely,  gaseous, 
fluid,  and  solid.  Many  of  thcbc  materials  are  gaseous  when  heated, 
solid  when  cooled,  and  fluid  at  intermediate  temperatures.  Each 
melts  and  freezes,  or  sohdifies  at-  definite  degrees  of  heat,  and  they 
vary  in  dimension  and  specific  gravity  according  to  temperature. 
Heat  is  force,  according  to  modern  views ;  and  rays  from  the  sun, 
from  luminous  substances  thrown  out  from  the  earth,  and  from 

artificial  sources  of  light,  include  heat-rays,  and  are  consequently 
mechanical  forces.  Thus  force  radiates  with  light  and  heat  from 
heated  centres,  causing  expansion,  and  separating  particles  from 
each  other. 

Many  examples  of  this  action  are  given  by  the  author  in  illustra- 
tion of  these  views,  drawn  partly  from  natural  phenomena,  and 

partly  from  experiments  ingeniously  contrived  by  himself ;  a  full 
description  of  the  cooHng  of  silver  is  given  at  p.  346,  vol.  ii.,  as  one  of 
the  neatest  experiments  to  illustrate  the  cooling  of  a  molten  mass. 
The  same  forms  which  he  has  observed  grov^dng  on  cooling  slag, 
iron,  silver,  &c.,  he  finds  repeated  on  a  larger  scale  in  cold  lavas,  in 
hot  and  cold  mountains,  and  in  old  igneous  rocks  in  Iceland.  He 

also  alludes  to  the  experiments  recently  made  respecting  the  sun's 
atmosphere  and  the  substances  supposed  to  exist  there,  and  to  the 

gradual  cooling  of  the  difl'erent  bodies  which  form  our  planetary 
system ;  and  assumes  that  the  earth,  which  is  intermediate  in  size,  is 
also  in  an  intermediate  state,  partly  fluid,  partly  solid,  cooling,  but 
still  hot  within. 

Thus  he  assumes  from  the  facts  brought  forward  that  an  igneous 
foundation  is  the  base  on  which  the  sedimentary  rocks  were  de- 

posited and  now  rest ;  he  also  assumes  that  air  and  water,  steam  and 
ice,  moved  by  the  two  opposing  forces,  heat  within  and  cold  without, 
levitation  and  gravitation,  have  worn  down  the  outer  crust  of  the 
globe,  and  have  sorted  the  debris,  while  movements  in  the  igneous 
foundation,  and  heat  radiating  and  transmitted  from  it  have  dis- 

turbed and  altered  the  sedimentary  deposits ;  he  also  considers 
that  these  causes  have  greatly  diminished  in  intensity  since  they 
first  began  to  act  on  the  crust  of  the  globe.  He  has  illustrated  by 
numerous  drawings  and  descriptions  the  marks  made  by  rivers, 
waves,  currents,  glaciers,  &c.,  as  well  as  those  made  by  other  de- 

nuding agents  stiU  at  work. 
He  also  assumes  that  in  late  geological  periods  the  earth  has 

cooled  so  far  as  to  freeze  water  everywhere  at  the  surface,  were  it  not 

for  heat  radiating  to  it  from  the  sun.  "We  have  reached  a  partial 
glacial  period,  and  the  position  and  extent  of  ice  on  the  earth  now 
depend  on  the  amount  of  heat  absorbed  from  the  sun,  and  on  move- 

ments in  the  igneous  foundation  or  centre  of  the  earth. 
Some  interesting  experiments  are  also  shown  towards  the  end  of 

the  second  volume  to  illustrate  the  eff'ects  of  the  earth's  rotation  on 
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the  currents  of  the  ocean,  and  thus  point  out  the  course  which 
arctic  currents  would  have  taken  at  a  period  when  a  larger  portion 
of  the  I  orthern  hemisp  lere  was  submerged.  The  traces  of  these 
ancient  cu  rents  are  to  be  fourd  in  the  scratchings  and  stri«  which 
mark  the  rocks  of  Scandinavia  and  Great  Britain,  and  other  parts  of 

Euiope.  The^e  is  no  ice  near  the  equator;  perpetual  ice  near  the 
poles,  and  more  in  winter  than  in  summer,  because  of  the  earth's 
position ;  but  it  is  owing  to  subterranean  movements  that  ice  for- 

merly extended  to  lower  latitudes  in  certain  portions  of  the  globe. 
Thus  he  shows  that  in  consequence  of  a  recent  elevation  of  the  fun- 

damental ^ocks  of  Europe,  and  a  probable  sinking  elsewhere,  the 
waters  which  formerly  covered  certain  parts  of  the  surface  have 
changed  their  position.  The  arctic  stream,  which  flowed  south  and 
west,  was  thus  diverted  from  those  districts  in  Western  Europe 
which  have  been  raised  above  the  level  of  the  sea  to  the  western  side 
of  the  Atlantic ;  and  with  it  have  been  carried  those  vast  masses  of 
ice  and  snow  which  formerly  scratched  and  striated  with  their  rocky 
contents  the  surface  of  Scandinavia  and  North-western  Europe,  de- 

positing great  boulders  on  their  way,  and  which  now  condense, 
chiefly  on  Greenland,  Labrador,  Newfoundland,  and  North  America. 

Having  thus  endeavoured  to  explain  the  general  theory  of  the 
author,  I  will  merely  state  that  the  first  volume  is  chiefly  devoted  to 

an  account  of  the  denudation  of  the  earth's  surface,  the  engines  by 
which  this  has  been  eff'ected,  viz.,  frost  and  ice,  and  the  tools  which 
hav-e  actually  done  the  wo^k,  glaciers,  icebergs,  and  Arctic  currents, 
as  represented  in  Scandinavia,  Iceland,  Switzerland,  and  elsewhere. 

The  second  volume  continues  the  history  of  the  same  subject  of 
denudation  in  the  British  Islands  and  America ;  and  the  author  then 

proceeds  to  consider  the  question  of  deposition,  the  result  or  counter- 
part of  denudation,  inasmuch  as  the  material  removed  by  denuda- 
tion from  one  place  must  be  deposited  somewhere  else.  Einally, 

the  question  of  upheaval  is  also  examined,  and  its  causes  and  results 

duly  considered ;  this,  of  course,  is  considered  as  the  eff'ect  of  the 
other  great  agent  in  modifying  the  earth's  surface,  viz.,  fire  or  heat. 
It  is  illustrated  by  many  observations  and  experiments,  drawn  from 
the  furnace  and  the  smelting- works.  These  results  are  shown  to  be 

identical  with  the  eff'ccts  produced  by  volcanic  action,  indicating  the 
existence  of  great  central  heat,  causing  disturbance  of  the  earth's 
surface  by  earthquakes,  and  producing  upheaval  of  vast  regions  by 
the  expansion  of  subocrranean  matter. 

Buu  without  going  further  into  these  dynamic  questions,  or  dis- 
cu:  jing  the  probable  correctness  of  some  of  his  physical  assumptions, 
I  will  merely  refer  to  one  point,  to  which  Mr.  Campbell's  attention 
se  ns  to  have  been  particularly  directed,  I  mean  the  striation  and 
grooving  of  rocks  by  ice-action.  Deeply  interested  in  this  question 
by  the  similailty  of  eTidence  found  in  so  many  countries,  and  the 
apparent  parallelism  of  these  striae  over  vast  regions  of  the  earth,  he 
has  collected,  partly  by  his  o\^n  personal  exertions  and  partly  from 
the  writings  of  others,  a  mass  of  evidence  by  which  he  has  endea- 

voured to  throw  light  on  the  causes  of  these  phenomena.     Thus, 

?2 
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working  his  way  back  by  analytical  reasoning,  calling  to  his  as- 
sistance meteorological  as  well  as  geological  evidence,  the  laws  of 

physical  science,  and  the  counteracting  influence  of  the  two  op- 
posing forces  heat  and  cold,  he  comes  to  the  conclusion  that  these 

marks  are  the  result  of  "glacial  action  ;  and  by  further  reasoning  on 
the  various  phenomena  above  alluded  to,  he  concludes  that  they 
have  been  caused  by  ice  borne  by  an  arctic  current  flowing  from 
north-east  to  south-west.  The  denudation  of  the  rocks  in  many 
parts  of  Sweden  is  enormous,  but  rivers  and  weathering  will  not 

account  for  this.  The  author  observes  (vol.  i.  p.  103)  that  "  on  the 
watershed  not  far  from  Tann  Poss  at  the  roadside  (at  a  height 
which  Eobert  Chambers  estimates  at  2000  feet)  the  clearest  marks 
of  glacial  action  are  still  perfectly  fresh  on  rocks,  in  spite  of  weather 
and  rivers.  These  marks  prove  that  ice  travelled  over  the  hills  from 
north-east  to  south-west,  now  2000  feet  above  the  present  sea-level, 
at  the  place  where  streams  now  part  and  run  to  the  Baltic  and  to  the 

Atlantic." 
As  Scandinavia  is  now  generally  admitted  to  be  rising  from  the 

sea,  there  is  nothing  preposterous  in  assuming  that  the  greater  part, 
if  not  the  whole,  of  Sweden  may  once  have  been  covered  up  by  the 
waves  of  an  arctic  sea,  in  which  currents  must  have  existed,  flowing, 
as  now,  in  different  directions,  from  north  and  south,  according  to 
those  physical  laws  by  which  the  movements  of  the  ocean-currents 
are  still  regulated. 

But  the  question  of  land-glaciers  flowing  down  from  high  regions, 
and  partly  excavating  the  valleys  down  which  they  flow,  and  leav- 

ing their  marks  also  in  the  shape  of  scratchings  and  striae  on  the 
rocky  flanks  of  the  valleys,  is  not  overlooked  by  the  author ;  and  on 
this  subject  also  much  valuable  information  may  be  gleaned  from 
the  pages  in  question.  I  will  only  add,  that  the  many  illustrations 
contained  in  this  volume,  and  the  quaint  sources  from  which  the 
author  has  sometimes  drawn  them,  render  his  work  one  of  great 
interest,  and  which  it  is  impossible  to  peruse  without  deep  thoughts 

and  suggestions  being  forced  on  the  reader's  mind. 
Before  concluding  these  observations,  I  wish  to  bring  to  your 

notice  one  or  two  points  which  appear  to  me  to  merit  the  serious 
attention  of  geologists  in  the  present  day.  Prof.  E-amsay,  in  his 
Anniversary  Address  from  this  chair,  alluded  to  the  breaks  in  succes- 

sion of  the  British  Palseozoic  and  Mesozoic  strata,  and  suggested  the 
probability  that  these  breaks  represented  periods  of  time  even  longer 
than  those  to  which  the  various  existing  fossiliferous  formations  of 
Great  Britain  bear  witness.  Dr.  Bigsby  also  not  long  ago  brought 
under  our  notice  a  very  interesting  paper  on  missing  sedimentary 
formations  from  suspension  or  removal  of  deposits,  in  which  he 
has  pointed  out  many  of  the  breaks  or  gaps  which  occur  between 
older  and  younger  rocks,  caused  either  by  the  subsequent  removal 
of  the  intervening  or  missing  beds,  or  because  the  older  beds  had 
been  raised  above  the  sea  during  the  deposition  elsewhere  of  the 
intermediate  beds.  Now  it  is  well  known  that  these  breaks  or  gaps 
are  only  local;  and  the  remark  has  been  already  made  that,  if  we 
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could  only  get  a  sufficient  nu^iber  of  sections  from  all  parts  of  the 
world,  all  these  local  gaps  would  be  filled  up,  and  we  should  have 
one  unbroken  sequence  of  formations,  occurring  in  some  part  or 

other  of  the  earth's  surface,  from  the  lowest  Silurian  or  even  Lau- 
rentian  beds  to  the  most  recent  Tertiary  or  Quaternary  deposits.  It 
would  be  an  interesting  task  for  any  geologist  to  undertake  to 
supply  this  want,  and  to  point  out  the  gradual  succession  of  beds 
where  they  can  be  found,  showing  how  they  pass  almost  insensibly 
from  one  into  the  other,  as  the  Ehaetic  beds  are  now  shown  to  form 

an  intermediate  zone  or  passage  from  the  Keuper  to  the  Lias.  "We should  then  see  by  what  almost  insensible  gradations  the  crust  of  the 
earth  has  been  successively  formed,  and  what  were  the  conditions  of 
life,  or  some  of  them  at  least,  which  led  to  the  gradual  introduction 
of  new  forms  of  life  in  some  places,  and  their  partial  extinction  in 
others.  And  as  we  have  now  learnt  to  recognize  the  fact  that  the 
extinct  Mammalia  of  the  Postglacial  period  had  not  all  ceased 
to  exist  before  the  first  appearance  of  man,  we  should  also  probably 

learn  that  at  no  period  of  the  earth's  history  were  all  the  forms  of 
life  destroyed  before  the  introduction  of  new  ones  ;  but  that  a  partial 
renewal  only  took  place,  and  that  somewhere  or  other  the  witnesses 
of  one  period  lived  on  with  the  new  creations  to  keep  up  an  un- 

broken chain  in  the  history  of  organic  life  from  its  earliest  dawn  to 
the  present  day. 

Another  point  to  which  I  would  invite  attention  is  one  of  greater 
difficulty ;  it  requires  the  serious  aid  of  chemistry,  mineralogy,  and 
the  laws  of  physical  forces.  The  study  of  the  older  crystalline  and 
metamorphic  rocks  has  of  late  years  greatly  occupied  the  attention 
of  many  of  those  geologists  who  have  examined  the  chemical  and 

mineralogical  conditions  of  formations.  "We  are  told  that  heat  alone could  not  have  produced  the  results  we  see;  that  water  was  an 
essential  element  in  all  these  metamorphic  operations ;  and  we  find, 
in  the  works  of  Sterry  Hunt,  Daubree,  Evan  Hopkins,  Delesse,  Desor, 
and  others,  that  even  a  high  degree  of  temperature  was  not  always 
necessary  to  produce  these  changes.  Many  of  those  results  which 

have  hitherto  been  considered  as  the  efi*ect  of  igneous  action,  are 
now  believed  to  be  owing  to  chemical  action  continued  through  long 
periods  of  time.  It  therefore  appears  that  the  time  is  come  when 
it  is  desirable  to  investigate  this  question ;  whether  the  theory  of 
central  incandescent  heat  is  tenable  ?  Whether  the  plastic  condition 
of  the  earth,  to  which  its  oblate  spheroidal  form  has  been  attributed, 
be  not  owing  to  an  aqueous  rather  than  to  an  igneous  origin? 
Water  is  an  essential  element  in  every  rock,  not  only  mechanically 
but  chemically;  and  without  attempting  to  revive  the  doctrine  of  the 
Wemerian  school,  it  may  be  questioned  whether  we  have  not  some- 

times been  disposed  to  overlook  the  importance  of  the  part  it  has 
played  in  the  construction  and  solidification  of  our  earth. 

Another  important  subject  arising  out  of  this  question,  or  rather 
accompanying  it  as  a  corollary,  would  be,  whether  the  solidification 
of  the  earth  began  at  the  circumference,  after  its  formation,  as  is 
assumed  by  the  advocates  of  the  central-heat  theory,  or  whether  the 
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formation  of  the  earth  may  not  haye  commenced  with  a  central 
nucleus  consisting  of  an  aqueous  paste,  gradually  increasing  in  size 
as  matter  was  deposited  around  it  from  the  circumambient  fluids 
and  gases  which  filled  the  solar  space  before  solid  matter  was  aggre- 

gated round  those  spots  which  now  form  the  planets  in  our  solar 
system.  It  is  a  bold,  perhaps  even  a  rash  thought,  to  go  back  to  a 
period  before  the  earth  was  formed ;  and  yet  such  a  period  must  have 
existed,  or  the  earth  would  be  eternal,  which  we  have  no  right  to 
assume.     I  will  also  venture  to  suggest  one  other  question. 

Assuming  the  possibility  of  an  aqueous  origin,  and  eliminating  the 
theory  of  central  heat,  can  we  not  account  for  all  the  volcanic  and 
igneous  phenomena  which  we  find  on  the  surface  of  the  earth  by 
chemical  action  taking  place  at  a  comparatively  moderate  distance 
below  the  surface  ?  We  know  that  heat  and  combustion  can  be  thus 

produced,  and  we  know  that  all  the  elements  which  are  necessary 

for  its  production  must  have  been  contained  within  the  earth's 
sphere. 

But  I  will  say  no  more  on  a  qi^estion  which  requires  so  much 
close  examin?,tion  and  cautious  inves  ijation.  I  recommend  it  to 
your  consideration,  in  the  hope  that  at  no  distant  period  some  one 
will  ventu  :e  to  grapple  with  it  in  earnest,  and  either  point  out  the 
probability  of  what  I  have  suggested,  or  prove  its  impossibility. 

In  conclusion,  allow  me  to  trespass  on  your  time  for  a  few  mo- 
ments longer,  for  the  purpose  of  expressing  my  thanks  to  every 

Pellow  of  the  Society,  and  particularly  to  the  Members  of  the  Council, 
for  the  kind  support  and  assistance  which,  during  the  time  I  have 
occupied  the  chair,  I  have  invariably  met  with  at  their  hands.  I  am 
well  aware  of  my  many  shortcomings,  but,  having  ever  taken  a  lively 
interest  in  the  prosperity  of  the  Society,  I  trust  that  this  has  not 

sufi'ered  during  my  Presidency.  I  look  with  confidence  to  the  rapid 
increase  of  our  Members,  in  the  hope  that  that  is  the  best  proof 
that  your  interests  have  not  suffered  at  my  hands.  I  congratulate 
you  on  the  choice  of  my  successor,  which  you  have  this  day  made, 

feeling  confident  that,  with  such  a  President  as  you  have  to-c'ay 
elected,  the  Society  wiU  continue  to  flourish  as  it  has  hitterto  done, 
to  add  fresh  laurels  to  its  brow,  and  that  it  will  continue  to  hold 
that  high  estimation  in  the  opinion  of  men  of  science  in  every 
country  which  it  can  confidently  boast  of  having  hitherto  invariably 
enjoyed. 
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1.  On  the  Submerged  Eorest-beds  of  Porloce:  Bat.     By  R.  A.  C. 
Godwin- Austen,  Esq.,  E.E.S.,  Eor.  Sec.  G.S. 

Contents. 

I.  Greology  of  the  District. 
II.  The  Forest-beds. 

1.  Introduction. 
2.  The  ShiBgle. 
3.  Marine  silt. 

4.  Surface  of  Plant-growths. 
5.  Blue  Mud- deposit. 
6.  Submerged  Forest. 
V.  Angular  detritus. 

III.  Conclusion. 

§  I.  Geology  oe  the  District. 

PoELOCK  Bat  is  the  seaward  opening  of  a  small  vaUey ;  from  Hurl- 
ston  across  to  Gore  Point  is  a  distance  of  about  three  miles ;  its 

extent  inland  is  five  miles.  The  valley  is  bounded  on  the  N.N.E. 
by  North  HiU  (1030  ft.),  Grabbist  (960  ft.)  separating  it  from  the 
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Minehead  valley ;  on  the  S.S.W.  rise  Dunkerry  Beacon  (]  678  ft.)  and 
Porlock  Hill ;  from  its  position,  amidst  some  of  the  highest  ground 
of  the  West  of  England,  it  presents  some  exquisite  scenery,  and  has 
many  points  of  geological  interest. 

In  common  with  the  broad  valley  between  the  Quantocks  and  the 

SJcetch-majp  of  the  neighhourhood  of  PorlocJc. 
'"BmLB 

Submerged  Forest-beds. 

Exmoor  range,  it  affords  the  clearest  evidences  that  the  North 

Devon  and  Somerset  ranges  had  acquired  their  elevations  antece- 

dently to  the  accumulation  of  "  Red  Conglomerate,"  as  also  of  the 
Glacial  conditions  under  which  the  materials  of  that  Conglomerate 

were  brought  together.  Surmounting  these  is  the  best  exhibition 
to  be  met  with  in  this  county  of  the  beds  of  the  earliest  Jurassic 
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period — Sinemurien*  (those  to  which  the  names  Ehsetic  and  Penarth 
have  been  given). 

The  range  which  bounds  the  Porlock  valley  on  the  S.W.  extends 
from  the  Foreland,  by  Countesbury  to  Culbone  and  Oare,  and  is  the 
highest  land  of  Somerset.  The  mineral  character  of  this  great  mass 
is  very  distinct  from  that  of  the  grey  slaty  rocks,  with  calcareous 
bands  and  an  abundant  though  obscurely  preserved  marine  fauna, 
which  extend  from  Linton  southwards  in  ascending  order.  From 
the  valley  of  the  East  Lyn  to  that  of  Porlock  the  rocks  consist  of 
hard  sphntery  sandstones,  grits,  and  pebble-beds,  with  partings  of 
compact  shales — the  whole  series  being  of  various  shades  of  red.  It 
is  the  only  portion  of  the  North  Devon  and  Somerset  Palaeozoic  series 

which  bears  any  resemblance  to  the  "  Old  Eed  Sandstone"  group 
of  Wales  and  Gloucestershire.  In  many  respects  these  rocks  recall 

characters  of  parts  of  the  Coal-measures,  or  of  the  Lower  Wealden 
beds. 

No  animal  remains  have  ever  been  met  with  from  any  part  of  the 
beds  of  the  Countesbury  series  ;  plants  have  been  found,  and  I  have 
seen  specimens  which,  though  insufficient  for  description,  left  no 
doubt  as  to  a  terrestrial  vegetation. 

It  is  difficult  to  fix  the  place  of  the  Countesbury  rocks  in  the  great 
Palaeozoic  series.  The  thought  that  they  might  belong  to  the  true- 

"  Old  Eed  Sandstone  "  age  made  me  examine  the  sections  along  the 
East  Lyn  valley  ;  but  whereas  the  true  "  Old  Eed  "  everywhere  in 
the  West  of  England  passes  up  into  the  Carboniferous  group,  this 
older  Eed,  after  one  or  two  alternations,  is  surmounted  by  the  ma- 

rine Devonian  series. 

The  pebble-beds  and  coarse  grits  of  the  Countesbury  rocks  indi- 
cate a  shingly  coast-line  at  no  great  distance.  The  absence  of  ani- 
mal remains,  and  the  presence  of  terrestrial  plants,  suggest  that  these 

may  have  been  the  depositions  of  a  lacustrine  area,  older  than  the 
marine  Devonian  series  of  Southern  Europe  ;  yet,  for  all  that,  they 

need  not  be  older  than  the  lower  "  Old  Eed  "  of  Glamorgan,  Mon- 
mouth, and  Hereford. 

The  great  mass  of  the  Countesbury  and  Dunkerry  range  has  been 
produced  by  a  great  flexure,  of  which  the  steep  slope  is  on  the  N.N.E. 

with  an  angle  of  28°.  The  nature  of  the  beds,  and  their  highly  in- 
chned  positions,  are  alike  favourable  for  their  deep  disintegration. 

§  11.  The  Foeest-eeds. 

1.  Introduction. — The  whole  of  the  coast-line  of  Britain  is  fringed 
with  submerged  forest-ground.  Large  tracts  of  it  occur  in  the  west : 
in  Cardigan,  St.  Brides,  and  Swansea  bays.  On  the  south  side  of 
the  Bristol  Channel  are  those  of  the  great  Bridgewater  levels,  which 
extend  seawards,  well  described  by  the  late  L.  Horner,  Dr.  Buck- 
land,  and  Mr.  Conybeare ;  subsequently  by  Sir  Henry  De  la  Beche 
in  his  Eeport  on  Devon  and  West  Somerset. 

It  has  been  long  known  that  there  was  "  submerged  forest " 

*  Quart.  Journ.  Greol.  Soc.  vol.  ii.  p.  5. 
b2 
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beneath  Porlock  Bay :  it  is  indicated  in  the  Ordnance  Map  of  Great 
Britain,  as  also  in  the  Admiralty  chart.  Sir  H.  De  la  Beche  gives 
the  following  short  account  of  it : — 

"  At  Porlock  a  small  submarine  forest  is  well  exhibited  at  very 
low  tides,  the  stumps  of  trees,  which  appear  chiefly  oaks,  standing 
in  the  positions  in  which  they  grew.  The  present  action  of  the  sea 
has  bared  these  trees,  by  removing  the  sand  and  silt  which  once 
covered  them,  as  can  be  seen  by  the  continuation  of  the  same  bed 
of  vegetable  matter  inland,  beneath  sand  and  silt,  behind  the  pre- 

sent shingle  beach,  that  merely  reposes  on  the  inclined  plain  of  the 
submarine  forest*." 

From  a  recent  examination,  the  evidences  of  geological  changes  at 
this  place  appeared  to  me  to  require  somewhat  fuller  detail  than  is 
given  in  the  above ;  besides  which,  they  better  serve  to  illustrate 
the  nature  and  order  of -oscillations  of  small  amount,  which  have 
taken  place  at  times  shortly  antecedent  to  the  present,  than  do  the 
instances  of  Bridgewater  or  Swansea  bays. 

The  Porlock  valley,  viewed  from  any  of  the  heights  around,  pre- 
sents at  its  lowest  level  a  line  of  coarse  shingle,  ridged  up  above 

ordinary  high  water  by  gales  and  high  tides. 
Within  this  barrier  are  grassy  flats.  Purther  in,  these  are  bounded 

by  a  rise  in  the  ground  of  from  10  to  15  feet ;  above  this  the  surface 
of  the  ground  slopes  gently  towards  the  hills,  forming  an  under- 
terrace  to  them  of  variable  width,  being  broadest  and  thickest  oppo- 

site the  openings  of  the  deep  guUies  which  score  the  rounded  forms 
of  these  hill-sides. 

These  features  are  severally  connected  with  the  geological  history 
of  the  valley. 

Within  the  shingle  ridge,  broad  water-courses  have  been  cut  across 
the  salt-pastures,  and  good  sections  of  the  under-terrace  may  be 
seen  along  the  water- courses,  and  in  the  low  cliff  from  Porlock  Quay 
eastwards.  Beyond  the  shingle,  and  when  tides  are  low,  and  the 
coast  has  been  swept  clean,  the  Porest-beds  are  well  exhibited. 

The  chronological  order  is  as  follows  (in  descending  order)  : — 
Shingle  bank. 
Marine  silt. 

Surface  of  Plant-growth. 
Fresh-water  mud-deposit. 
Forest-growth. 
Angular  detritus. 

2.  The  Shingle. — The  shingle-beach  requires  passing  notice  in  re- 
spect of  its  position.  It  is  composed  wholly  of  the  siliceons  rocks  of 

the  coast  from  Porlock  westward,  and  forms  a  ridge  round  the  bay. 
On  the  land-side  it  ends  abruptly,  as  if  encroaching  on  the  meadows  ; 
seawards  it  thins  away,  so  that  at  extreme  low  water  but  little 
shingle  remains,  and  in  the  offing  the  sea-bed  is  composed  of  sand 
and  fragmentary  shells. 

The  shingle,  where  now  thickest,  has  been  heaped  up  upon  the 
surface  of  the  meadows,  no  marine  shingle  of  earlier  date  is  any- 

*  Report  on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset,  p.  419. 
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where  to  be  seen  on  the  inner  or  land-side,  and  the  series  of  deposits 
which  it  overlies  show  that,  with  reference  to  past  conditions,  the 
most  recent  change  has  been  one  of  slight  depression. 

3.  Marine  silt. — On  the  land-side  of  the  shingle  ridge  is  an  ex- 
panse of  salt-meadows,  which  at  present  are  but  occasionally,  par- 
tially, and  for  short  intervals  covered  with  water  ;  their  level  is  at 

the  very  upper  limit  of  the  Bristol  Channel  waters.  From  the  ma- 
terials thrown  out  from  the  dykes  cut  across  this  flat,  as  also  in  the 

sections  thus  exhibited,  the  nature  of  the  subsoil  is  well  seen,  con- 
sisting of  mud- deposits.  Of  these  the  uppermost  is  of  a  yellowish- 

brown  colour,  and  contains  the  shells  of  Scrohicularia  j^iperata,  with 
the  valves  united,  and  of  all  ages.  The  presence  of  these  shells 
shows  that  the  lower  part  of  the  Porlock  valley  was  at  one  time  in 

the  condition  of  a  mud-flat,  whollj?^  covered  by  the  sea  at  every  tide, 
perhaps  even  permanently  covered — that  they  were  then  at  or  near 
the  low-water  level,  or  that  the  area  was  then  depressed  to  the 
extent  of  the  difierence  between  high  and  low  water;  the  range 
of  Scrohicularia  piperata  being  from  low  water  to  four  fathoms 
beneath. 

Beneath  the  Scrobicularian  mud  of  the  meadows  is  a  band  of 

vegetable  matter,  and  under  that  a  dark  tenacious  clay ;  these  are 
better  seen  on  the  coast. 

4.  Surface  of  Plant-growths. — At  low  water,  and  when  the  coast 
has  been  swept  clean  of  shingle,  there  is  presented  an  expanse  of 
mud-deposits,  with  the  stumps  of  trees  studded  about.  The  mud- 
deposits  occur  in  patches,  owing  to  the  action  of  the  breakers,  which 
cut  out  portions ;    around  these  patches  are  good  sections. 
The  uppermost  mud- deposit,  that  with  the  Scrobicularise,  is  not  very 

resisting,  so  that  it  occurs  only  occasionally  over  the  area  left  by 
the  tide  ;  enough,  however,  remains  to  show  that  it  was  at  one  time 
spread  out  continuously,  with  a  like  composition  and  under  the  same 
conditions  as  are  presented  by  the  beds  beneath  the  meadows ;  as 
such  it  passes  down  beneath  the  present  lowest  water-level.  Under 
the  yellow  mud-deposit  is  a  dark  band,  and  when  the  mud  has 
been  removed,  the  surface  presents  a  layer  of  matted  vegetable 
matter,  seemingly  composed  of  roots.  This  seam  is  in  places  several 
inches  thick;  on  the  underside  roots  descend  into  the  subjacent  clay, 
showing  that  it  has  been  an  old  surface  of  plant-growths. 

The  stools  of  trees  project  slightly  above  the  level  of  this  old  land 
surface  ;  and  upon  it  lie  the  trunks  of  trees.  In  every  instance  that 
I  examined,  the  surface  of  plant-growths  was  interposed  between 
the  prostrate  trunks  and  the  underlying  blue  clay.  There  were 
stems  measuring  from  10  to  20  feet  and  more  in  length.  They 
were  mostly,  if  not  altogether,  the  remains  of  trees  which  had  died, 
and  become  bare  of  bark,  some  much  decayed  before  they  fell ;  they 
projected  above  the  surface,  and  had  not  sunk  into  it,  or  the  surface 
was  firm,  and  not  in  the  condition  of  a  soft  morass,  when  the  trees 
fell  upon  it. 

The  roots  and  long  leaves  seemed  to  belong  to  an  Iris,  such  as  the 

common  "  Yellow  Flag." 
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5.  Blue  Mud-deposit. — This  is  a  very  tenacious  mass,  resisting 
the  action  of  the  sea.  It  is  of  variable  thickness,  increasing  as  it 
passes  down  seawards.  After  most  dihgent  search  I  was  unable  to 
find  any  evidence  as  to  the  nature  of  this  deposit,  whether  fresh- 

water or  marine  -,  in  this  respect  it  resembles  the  blue-clay  deposit  of 
the  Bridgewater  levels ;  from  the  abundance  of  diffused  vegetable 
matter  it  has  the  appearance  of  being  of  freshwater  origin. 

It  might  seem  at  first  sight,  as  indeed  it  did  to  Sir  H.  De  la  Beche, 
that  the  trees  of  the  submerged  forest  had  grown  in  this  blue  mud, 
from  the  manner  in  which  they  stand  out  of  it ;  but  the  mud- 
deposit  surrounds  the  stools  of  the  trees,  which  never  send  roots  into 
it ;  and  wherever  the  mud  has  been  removed  the  trees  are  seen  to 
be  rooted  in  the  beds  beneath.  The  accumulation  of  the  mud  has 

been  subsequent  to  the  forest-growth.  The  uniform  level  at  which 

the  trees  have  been  cut  ofi"  may,  perhaps,  indicate  the  level  of  the 
water  which  deposited  the  blue  mud,  and  killed  the  trees  at  the 
same  time. 

6.  Submerged  Forest. — The  interval  left  bare  by  the  tide  may, 
under  favourable  conditions,  be  seen  studded  thickly  by  the  stools  of 
large  trees — some  bare,  some  covered  by  a  thick  growth  of  sea- 

weed, some  just  projecting  above  the  mud-beds.  Some  are  of  large 
size  ;  one  measured  2  feet  in  diameter.  The  largest  trees  were 
the  oaks,  which  may  be  distinguished  by  the  black  colour  of  the 
wood  ;  others,  when  split  open,  are  red,  probably  alders  ;  from  their 
dimensions  both  must  have  grown  under  favourable  conditions  *. 

The  prostrate  trunks  lay  generally  N.W.,  S.E.,  or  away  from  the 

opening  of  the  valley  ;  they  had  been  broken  off"  without  tearing  up their  roots. 

7.  Angular  detritus. — The  flooring  upon  which  the  blue  mud-de- 
posit lies,  for  as  far  out  as  it  can  be.  traced,  is  of  coarse  angular 

rocks,  instead  of  some  form  or  other  of  water -worn  materials,  as 
might  have  been  expected  ;  these  consisted  only  of  fragments  of  the 
splintery  quartzose  rocks  of  Dunkerry,  of  aU  sizes,  with  their 
edges  and  points  as  sharp,  their  surfaces  as  clean  as  if  just  broken  ; 
all  thrown  together  in  the  greatest  confusion.  Part  of  this  rugged 
appearance  may  have  been  produced  by  the  tides  having  washed 
away  some  of  the  finer  materials.  All  the  trees  are  rooted  in  this 
detritus  ;  it  was  the  surface  on  which  they  grew,  and  had  established 
themselves  antecedently  to  the  changes  here  noticed.  The  nature 
of  this  accumulation,  if  I  am  right  in  my  explanation,  renders  the 
Porlock  Bay  forest-beds  of  more  geological  interest  than  the  more 
extensive  tracts  of  Bridgewater  or  Swansea. 

A  thick  coating  of  angular  debris  covers  the  surface  of  all  the 
hill -ranges  of  North  Devon  and  Somerset;  it  is  always  strictly  local, 
and  is  simply  the  product  of  the  breaking  up  of  the  surface  to  a 
great  depth.  In  places  the  mass  of  debris  is  in  situ, — merely 
detached ;  but  along  some  of  the  new  roads  which  have  been  cut 
about  the  sides  of  these  ranges,  sections  are  exposed,  showing  that 

*  Large  oat  and  alder  characterize  the  Porlock  valley,  at  present  higher  up 
as  along  the  course  of  the  Horner  stream. 
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great  masses  or  "  trainees  "  of  the  debris  have  come  down  from 
above,  cutting  deep  channels  through  the  detritus  at  lower  levels. 

These  accumulations  of  angular  detritus  along  the  lower  slopes  are 
of  great  thickness  ;  the  materials  have  also  been  carried  forward  to 
considerable  distances,  more  particularly  in  advance  of  deep  glens. 
The  high  ground  from  Countesbury  to  Dunkerry  (1678)  and  Porlock 
Hill  has  everywhere  good  illustrations  of  the  character  of  these 
masses  of  detritus. 

A  section  of  such  beds  is  to  be  seen  in  a  low  cliff  extending  east- 
wards from  Porlock  Quarry,  and  serves  to  connect  the  detrital  mate- 

rials of  the  interior  of  the  country  with  the  beds  beneath  the  bay. 
It  is  a  section  of  part  of  the  under- terrace  already  noticed. 

This  section,  which  has  a  depth  of  from  10  to  12  feet  above  the  level 
of  the  shingle,  shows  an  accumulation  of  earthy  materials,  angular 
fragments  of  all  sizes,  all  derived  from  the  rocks  of  Porlock  HiU. 
There  is  to  be  noticed  a  sort  of  horizontal  arrangement  resulting 
from  interbedded  lines  of  finer  materials,  and  showing  successive 
accumulation.  On  either  side  of  the  place  at  which  a  stream  comes 
down  to  the  coast,  cutting  through  the  thickness  of  angular  mate- 

rials, there  are  to  be  seen,  mixed  with  it,  some  water- worn,  partially 
rounded  blocks ;  these  indicate  the  course  of  a  torrential  stream  from 
the  high  grounds  above  (as  at  present),  but  occasionally  of  greater 
volume. 

This  accumulation  of  angular  materials  is  referable  to  like  bygone 
conditions  as  have  been  already  indicated  for  the  whole  of  the  rest 

of  the  West  of  England  (Quart.  Journ.Geol.  Soc.vol.  vii.pp.  121-131). 
It  is  a  condition  of  surface  presented  everywhere  by  that  portion 
of  this  country,  and  of  Europe,  which  was  not  submerged  during 
the  great  subaqueous  depression  of  the  Northern  hemisphere.  In 
geological  history  it  belongs  to  the  subaerial  phenomena  of  the 

"  Glacial  Period,"  and  represents  the  whole  of  the  variable  conditions 
of  that  long  interval  of  time. 

III.  Conclusion. 

Eeversing  the  order  of  superposition,  the  sequence  of  change  at 
this  place  is  as  follows  : — 

1st.  The  formation  of  angular  detritus,  and  its  accumulation  at 
lower  levels. — Highest  relative  level. 

2nd.   Eorest-growths   established   on    detrital    beds. — Trees   of 

I        great  age. 
T  3rd.  Accumulation  of  freshwater  mud,  resulting  probably  from 

ta  depression  of  the  level  of  the  land. — Trees  killed. 
4th.  Surface  of  water-plant  growths  on  mud- deposit,  or  nearly 

dry  surface,  on  which  the  trees  fell. 
1  5th.  Deposit  of  sea-mud,  with  JScrohicularia. — Area  depressed 

below  the  sea-level. 
6th.  Conversion  into  meadow,  at  the  level  of  the  highest  springs 

at  present. 
7th.  Shingle. 
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It  maybe  inferred  from  Sir  H.  De  la  Beche's  description  that  he 
had  not  had  opportunities  of  distinguishing  the  two  surfaces  of  plant- 
growths,  nor  the  remarkable  floor  of  angular  materials  on  which  the 
forest-bed  is  rooted.  It  is  not  stated  whether  the  "  silt  and  sand  " 

of  the  "  inclined  plane  "  was  freshwater  or  marine. 
The  succession  of  changes  here  indicated  corresponds  with  that  of 

numerous  other  localities  at  which  I  have  had  opportunities  of  ex- 
amining the  evidence  in  the  West  of  England.  The  Porlock  example, 

in  addition,  seems  to  fix  a  relative  date  for  a  part,  namely,  as  being 
subsequent  to  the  great  subaerial  weathering  of  the  surface  during 
the  Glacial  Period.  The  elevation  of  the  land  was  greater  at  that 
time  than  at  present,  but  by  how  much  we  have  no  means  of 
determining. 

The  diff'erence  of  level  within  which  the  land  has  oscillated  since 
then  need  not  be  estimated  at  more  than  40  feet,  the  range  between 
high  and  low  water  on  the  Bristol  Channel  coast  being  taken  at  33 

feet.  It  is  certain  that  such  forest-growths  as  pass  on  all  sides 
beneatJi  the  line  of  low  water  could  not  have  lived  at  the  high-water 
level,  but  a  rise  of  50  feet  would  convert  the  upper  part  of  the  Bris- 

tol Channel  into  land-surface.  The  greatest  depth  at  which  sub- 
merged land-surface  has  been  ascertained  is  about  120  feet ;  a  rise 

of  such  amount  would  place  the  whole  of  the  Bristol  Channel  in  the 
condition  of  dry  land,  and  such  probably  it  was  at  the  time  of  the 
forest-growths. 

The  line  of  the  Bristol  Channel  is  that  from  which  the  amount  of 

depression  of  the  British  area  in  the  West  increased  progressively 
northwards,  corresponding  to  the  line  of  the  Thames  valley  in  the 
East.  There  is  clear  evidence  that  the  line  of  the  English  Channel 

was  occupied  by  sea  during  the  "  Cold  Period"  (Quart.  Journ.  Geol. 
Soc.  vol.  vii.  p.  135) ;  and  at  the  Newcastle  Meeting  of  the  British  Asso- 

ciation I  indicated  to  what  extent  this  unsubmerged  area  of  the  South 
of  England  was  affected  by  that  depression.  Like  evidence  may 

now  be  derived  from  the  coasts  of  IS'orth  Devon  and  Somerset. 
The  lowest  and  oldest  beds  beneath  the  Bridgewater  levels  are  of 

sands  and  subangular  gravel,  made  up  of  all  the  materials  of  aU  the 
hiU-ranges  which  send  their  streams  towards  that  depression,  from 
the  grauwacke  of  Exmoor  and  the  Quantocks  up  to  the  Chalk 
inclusive. 

From  the  great  extent  of  the  old  alluvia  of  this  area  of  drainage, 
the  volume  of  the  rivers  must  at  some  time  have  been  very  great,  and 
as  no  part  of  it  was  comprised  by  the  line  of  circumpolar  submer- 

gence, these  alluvia  are  referable  to  the  subaerial  conditions  of  the 
whole  of  the  Glacial  Period.  The  great  gravel-beds  of  the  Bristol 
Channel,  noticed  by  Dr.  Buckland  as  proofs  of  his  Diluvial  theory, 
are  the  accumulated  glacial  alluvia  of  all  the  rivers  of  the  West,  from 
the  Severn  to  the  Tone :  they  are  the  equivalents  in  age  of  the  great 
accumulations  of  angular  debris. 

Over  the  whole  of  the  West  of  England  the  remains  of  the  great 
Pachyderm  fauna  occur  abundantly  in,  more  generally  beneath,  the 
old  alluvia,  as  also  beneath  angular  debris,  at  various  elevations. 



1865.]  WATSON   PARALLEL  EOADS  OF  GLEN  EOT.  9 

about  the  Mendip,  Quantock,  and  Exmoor  ranges ;  but  there  is  no 
evidence  whatever  that  the  great  characteristic  part  of  that  fauna  was 
in  occupation  of  the  area  at  more  than  one  period.  It  became  extinct, 
even  over  the  area  of  the  South  of  England,  which  was  not  sub- 

merged ;  indeed  the  extensive  subaerial  glaciation  which  that  area 
has  undergone  from  Cornwall  to  Kent  and  Sussex,  is  inconsistent 
with  the  existence  of  such  a  fauna. 

Lastly,  with  reference  to  the  age  assigned  to  these  later  changes, 
subsequent  to  that  of  extreme  cold,  a  relative  date  is  arrived  at  for 

many  of  the  so-called  "  Eaised  Beaches  "  occurring  on  our  western 
coasts.  The  example  nearest  to  Porlock  in  the  West  is  that  between 
Braunton  and  Baggy  Point,  long  since  so  well  described  by  Sir  R. 
Murchison  and  Professor  Sedgwick.  At  this  place  there  is  the  evi- 

dence of  the  more  recent  changes  at  low  levels,  the  older  sea- 
bed, at  an  elevation  of  60  feet  for  its  higher  portions,  being  covered 

up  by  an  enormous  accumulation  of  angular  debris-bed  *. 
I  have  already  called  attention  to  the  great  thicknesses  and  other 

characters  of  the  angular  debris  overlying  old  sea-bed  (Quart.  Journ. 
Geol.  Soc.  vol.  vii.  p.  118),  and  would  also  refer  to  the  observations 
of  Sir  H.  De  la  Beche  (Eeport  on  Cornwall,  &c.,  chap.  13). 

In  a  modified  sense  these  sea-beds  or  raised  beaches  are  pre- 
glacial,  or  older  than  the  period  of  deep  surface  disintegration.  But 
just  as  the  amount  of  northern  depression  increased  from  South 
Northwards,  so  the  progress  of  that  depression  was  in  the  contrary 
direction,  or  from  North  to  South  ;  the  line  of  the  Bristol  Channel 
was  nearly  the  limit  of  this  submergence,  and  was  the  last  reached. 

The  interval  of  time  which  separates  these  more  recent  changes 
of  relative  level  from  that  of  the  great  depression  of  the  Northern 
Hemisphere,  is  possibly  very  great,  not  so  their  distance  from  the 
present.  The  distinctive  features  of  the  newer  deposits  are,  that  they 
belong  to  the  time  of  our  existing  assemblage  of  animals  and  plants, 
that  they  indicate  changes  of  small  vertical  amount,  and  are  remark- 

ably uniform. 

2.  On  the  Maeine  Oeigin  of  the  Paeallel  Eoads  of  Glen  Roy. 
By  the  Rev.  R.  Boog  Watson,  P.R.S.E.,  E.G.S. 

(Abstract.) 

The  Parallel  Roads  of  Glen  Roy  have  been  described  by  several 
observers,  who  have  also  offered  explanations  of  the  manner  of  their 

formation.  In  the  author's  opinion,  Mr.  Robert  Chambers  has 
solved  this  problem  in  his  '  Ancient  Sea  Margins,'  and  in  this 
paper  he  supported  the  view  there  advocated,  and  offered  some 
objections  to  the  theory  of  an  ice -dam,  originally  put  forward  by 
Prof.  Agassiz,  and  recently  illustrated  by  Mr.  Jamiesonf. 

After   noticing  the  strong  points  of  the   ice-dam   theory,    Mr. 
Watson  remarks  that,  though  Prof.  Agassiz  and  Mr.  Jamieson  agree 

*  Eed  a  of  Section.    Geol.  Trans.  2nd  ser.  vol.  v.  p.  279. 
t  Quart.  Journ.  Geol.  Soc.  vol.  xix.  p.  235. 
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in  supporting  it,  yet  they  differ  so  much  respecting  details  that  they 

mutually  weaken  their  cause*.  He  then  considers  the  specific 
objections  to  the  theory,  especially  the  existence  of  terraces  similar 
to  the  Parallel  Eoads,  though  less  perfect,  at  all  levels  round  our  coasts, 
as  well  as  inland,  along  every  fjord  in  Norway,  and  across  the  whole 
of  Sweden ;  these,  he  says,  cannot  be  accounted  for  by  the  ice-dam 
theory,  which  therefore  treats  them  as  something  distinct,  whereas 
they  are  specifically  the  same,  differing  from  the  Glen  Eoy  Roads 
only  in  being  less  perfectly  preserved.  Mr.  Watson  also  remarks 
that,  even  in  Lochaber,  there  are  banks  of  water-sorted  gravel  at 

various  heights  and  unconnected  with  any  "  col" — a  fact  which 
cannot  be  accounted  for  by  the  ice-dam  theory ;  and  he  mentions 
particularly  two  short  lines  between  the  two  highest  roads  in  Glen 
Roy,  and  one  in  Glen  Gluoy  at  960  feet,  which  do  not  correspond 

with  any  "  col,"  also  several  instances  in  and  near  Glen  Collarig. 
He  then  describes  an  extraordinary  series  of  terraces  on  Ben  Clinaig, 
and  draws  attention  to  certain  gigantic  flat-topped  heaps  of  water- 
sorted  gravel,  whose  levels  do  not  correspond  with  those  of  any  of 
the  terraces.  Mr.  Watson  therefore  asks.  What  can  the  ice-dam 
theory  do  with  all  these  ?  He  also  states  that  if  the  cold  was 
severe  enough  to  supply  the  ice  needed  for  such  a  dam,  it  was  too 
cold  in  Lochaber  for  lakes,  and  vice  versa.  Glaciers,  he  remarks, 

are  mere  tongues  of  ice  projecting  beyond  the  snow-liae,  and  the 
area  which  these  tongues  occupy  is  minute  compared  with  that 

occupied  by  the  body — the  snow-field  which  contains  them ;  but 
the  ice-dam  theory  reverses  this  relation,  and  makes  the  snow-body 
minute  and  the  tongues  gigantic.  Mr.  Watson  also  considers  that 
it  was  impossible  for  tbe  ice  to  be  present  at  the  places  indicated, 
as  no  glacier  from  Ben  Nevis  could  reach  Glen  Roy,  and  no  inde- 

pendent glacier  could  be  formed  in  Glen  Spean.  Another  objection 
is,  that  no  place  can  be  found  for  the  ice-dam  theory  between  the 
glacial  epoch  and  the  present  day — a  consideration  which  the  author 
discusses  in  detail,  and  he  concludes  his  objections  by  urging  that, 
as  the  sea  has  been  all  over  the  Lochaber  district  to  a  height  of  2000 
feet,  there  is  no  reason  for  seeking  any  other  agency  for  the  forma- 

tion of  the  terraces,  nor  for  introducing  such  a  complex  machinery 
as  the  ice-dam,  where  none  is  needed. 

In  supporting  the  "  Marine"  theory,  on  the  grounds  that  the  sea 
has  been  on  the  spot,  and  is  capable  of  performing  the  work  re- 

quired, Mr.  Watson  gives  the  following  sketch  of  the  manner  in 
which  he  conceives  the  "  Parallel  Roads  "  to  have  been  formed  : — 
"  We  have  the  land  standing  probably,  in  the  first  instance,  rather 
higher  than  now,  but  gradually  sinking,  though  perhaps  with 
pauses.  The  climate  resembled  that  of  North  Greenland.  The 
land  was  swathed  in  thick  ice,  which  was  ever  settling  downwards 
to  the  sea,  under  that  law  of  regelation  which  gives  to  ice  its  true 
viscid  or  plastic  character.  The  whole  surface  of  the  rock  was  being 
moutonneed  and  striated.  The  boulder-clay  resulting  from  the 
destruction  of  the  earlier  soils  and  looser  weathered  rock-surfaces  was 

*  See  Eeader  1864,  p.  301  (September  3). 
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being  shot  out  in  heaps  beneath  the  half-floating  ice-foot.  The 
finer  clays  and  older  shell-beds  are  the  produce  of  the  somewhat 
later  and  more  land-sunken  time,  when  the  comparatively  cleared 
surface  of  the  rock  and  the  shrunken  glaciers  no  longer  supplied  the 
same  mass  of  debris  as  before.  The  gales  of  spring  from  the  S.W. 

came  to  break  up  the  ice  of  winter  where  it  lay  on  the  level  shal- 
lows, such  as  the  long  flat  of  Glen  Spean,  east  of  Loch  Treig  valley, 

and  piled  up  the  blocks  of  rock  which  the  ice  contained  into  those 

strange  and  monstrous  sea-beaches  (see  Jamieson's  map)  which  have 
been  erroneously  described  as  moraines.  And,  finally,  dependent 
on  the  sheltered  nature  of  the  locality,  on  its  exposure  to  the  pre- 

valent winds,  on  the  character  of  the  hill  face,  on  the  supply  of 
debris  from  above,  on  the  extent  to  which  particular  spots  at  the 
sea-level  were  already  clothed  with  detritus  under  the  influence  of 
the  varying  currents  pouring  backwards  and  forwards  over  the  cols 
at  the  glen  heads — perhaps,  too,  to  some  extent,  acted  on  by  the 
ice-cake — subject  to  all  these  influences  the  terrace-lines  were 
formed  along  the  slopes.  Sometimes  they  were  swept  away  again 
almost  before  formed,  or  were  spared  only  for  later  destruction  ; 
but,  in  the  case  of  the  sheltered  fjord  of  Glen  Eoy,  each  terrace  in 
turn  was  carried  down  with  the  subsiding  land,  and  protected  from 
injury  below  the  sea  in  the  quiet  of  the  inland  fjord,  while  the  next 

terrace  above  it  was  being  formed  in  its  turn." 
That  there  are  some  difficulties  in  the  way  of  the  "  Marine 

theory  "  Mr.  Watson  does  not  deny,  the  greatest,  perhaps,  being,  in 
his  opinion,  the  marvellous  perfection  of  the  Glen  Roy  terraces 
when  compared  with  anything  similar  there  or  elsewhere.  He  also 
discusses  two  other  objections,  being  all  that  he  thinks  need  con- 

sideration. The  first  of  these  is,  that  the  horizontality  of  the 

"roads  "  is  opposed  to  the  idea  of  their  having  undergone  sub- 
sidence and  re-elevation  ;  but  Mr.  Watson  observes  that  there  is  no 

reason  to  suppose  that  any  disturbance  of  relative  levels  should  be 
exhibited  when  areas  of  thousands  or  hundreds  of  thousands  of 

square  miles  are  undergoing  secular  oscillations,  and  he  cites  in 
illustration  the  beach-lines  along  the  Norwegian  fjords.  The  other 
objection  has  been  urged  by  Prof.  Agassiz  as  his  greatest  difficulty 

in  accepting  the  "  Marine  theory,"  namely,  that  the  terraces  pre- 
sent "no  traces  of  organic  life"*.  Mr.  Watson  answers  this  by 

quoting  several  examples  of  Quaternary  marine  deposits  which  are 
also  entirely  barren  of  fossils  ;  and  he  states  that  it  would  be  sur- 

prising if  fossils  had  been  found  in  the  Parallel  Roads,  as  he  has 
noticed  that  there  is,  from  some  cause  or  another,  an  extraordinary 
gap,  utterly  devoid  of  hfe,  so  far  as  we  know,  between  the  most 
recent  of  the  old  glacial  beds  and  the  very  oldest  of  the  recent  de- 

posits. The  general  character  of  the  Scandinavian  Quaternary  beds 

he  has  found  to  correspond  with  that  of  the  Scotch  deposits, "  and 
they  also  agree  in  this,  that  while  true  glacial  shell-beds  are  to  be 
found  from  the  sea-level,  and  below  it,  up  to  500  feet,  or  a  little 
more,  above  it,  there  they  cease  altogether.  The  higher  stratified 

*  Eeader,  Sept.  3,  1864,  p.  301. 



12 
PEOCEEDIN'GS  OF  THE  GEOLOGICAL  SOCIETY.  [N'OV.  22, 

deposits  are  utterly  devoid  of  a  single  organism,  and  it  is  not  until 
we  descend  again  to  the  height  of  200  feet  above  the  sea  (in  Scot- 

land lower  still)  that  we  again  begin  to  find  fossils,  in  beds  over- 
lying the  former ;  but  in  the  shells  of  these  later  beds  the  glacial 

character  has  disappeared  altogether."  He  holds,  therefore,  that 
the  absence  of  organic  remains  from  the  terraces  of  Glen  Eoy 
simply  accords  with  the  character  of  similarly  placed  beds  in  every 
other  locality,  both  in  Scotland  and  in  Scandinavia. 

NOVEMBEE  22,  1865. 

Eobert  Lightbody,  Esq.,  Ludlow,  Salop,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1.  On  some  Spaces,  formerly  occupied  hy  Selenite,  in  the  Lower 
EocEKE  Clays  of  the  Loistdoi^  Basin  ;  with  remarks  on  the  Oeigij^t 

and  DISAPPEAEA^^CE  of  the  Mineeal.  By  P.  Maetin"  Duis'Can', 
M.B.  Lond.,  Sec.  G.S. 

Contents. 

5.  Considerations  respecting  the   de- 

posits. 

6.  Origin  of  Selenite. 
7.  How  it  is  removed  from  sedimen- 

tary \_ 

8.  Conclusion. 

1.  Position  of  the  spaces  and  impres- 
sions in  the  Woolwich  beds. 

2.  Description  of  the  spaces  and  im- 
pressions. 

3.  The  mineral  condition  of  the  organic 
remains  in  the  beds. 

4.  Discovery  of  the  spaces  in  the  Lon- 
don Clay. 

1.  Position  of  the  spaces  and  impressions  in  the  Woolwich  beds. 
— Several  sections  of  the  Woolwich  beds  were  made  during  the 
formation  of  the  railroad  from  Lewisham  to  Dartford,  and  the 

Ostrea,  Gyrena,  and  plant-beds  were  well  shown.  At  one  spot, 
between  Mottingham  and  the  Eltham  road,  the  beds  had  a  slight 

dip  to  the  south-west,  and  cropped  out  on  the  side  of  a  rounded  hill 
which  bounds  a  rivulet  to  the  north.  The  lowest  part  of  the  sec- 

tion there  exposed  presented  a  thick  layer  of  Ostrece,  and  to  this 
succeeded  several  feet  of  light-brown  clay,  sandy  in  places,  in  which 
Oyrence  and  Melanioe  were  very  abundant.  A  plant-bed  followed 
being  formed  by  remains  of  twigs,  leaves,  vegetable  fibres,  and  long 
water-plants.  The  usual  sequence  was  not  then  noticed,  on  the  con- 

trary, several  small  plant-beds  were  observed  between  the  succeeding 
clays.  Amidst  the  clay  were  some  impressions  which  at  first  sight  re- 

sembled the  markings  ofverticillate  leaves,  but  which  were  evidently 
parts  of  spaces  once  filled  by  stellate  crystals  of  selenite. 

Several  lumps  of  clay  were  removed  for  examination,  and  pre- 
sented, when  cut  into,  numerous  moulds  of  entire  stellate  groups, 

but  all  trace  of  the  mineral  which  had  produced  them  was  gone. 

2.  Description  of  the  spaces  and  impressions. — The  spaces  were  from 
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1  inch  to  J  incli  in  diameter,  were  empty  and  moist,  and  were  usually, 
but  not  invariably  near  a  plant-bed.  The  impressions  in  the  clay 
were  very  distinct,  sharp,  and  permanent,  and  the  flatness  of  the  crys- 

talline planes  was  perfectly  represented,  as  was  also  the  sharpness  of 
the  angles.  The  colour  of  the  clay  within  and  without  the  spaces  was 
at  first  the  same,  but  exposure  to  the  air  determined  the  deposit  of 
sesquioxide  of  iron  on  the  plane  surfaces.  Close  to  the  exterior  of 
the  spaces  were  numerous  spots  resembling  Entomostracous  remains, 
but  which  were  of  a  lighter  colour  than  the  clay,  and  which  yielded 

to  analysis  alumina,  silica,  and  sulphide  of  iron*.  When  permitted 
to  dry,  some  of  the  hand-specimens  showed  much  alteration  near  the 
selenite  impressions,  from  the  replacement  of  the  protoxide  by  the 
peroxide  of  iron,  but  none  elsewhere.  Wo  crystals  or  laminae  of 
selenite  were  found  near  the  spaces.  In  one  space  there  was  a  bril- 

liant piece  of  carbon. 

The  clays  wei-e  soft  and  not  laminate ;  they  contained  variable 
quantities  of  sand,  and  graduated  into  a  decided  loam  here  and  there. 
The  section  proved  that  the  natural  drainage  through  the  deposit 
was  in  perfect  operation. 

3.  The  mineral  condition  of  the  organic  remains  in  the  beds. — The 
large  Ostrece  were  imperfectly  silicified  and  very  hard.  The  Melanice 
were  generally  very  perfect,  and  were  of  all  sizes :  they  were  either 
empty,  very  fragile,  and  the  carbonate  of  lime  in  the  shell  was  tender 
in  the  extreme,  or  the  shell  was  tough  and  its  interior  filled  with 
crystalline  carbonate  of  lime ;  or,  in  a  few  instances,  an  imperfect 
siHcification  had  produced  a  cast. 

The  Cyrence  were  of  various  sizes,  and  were  either  very  fragile  and 
empty,  or  their  interior  was  filled  with  dense  carbonate  of  lime,  the 
shell  being  here  and  there  deficient. 

The  plant-remains  were  carbonized,  and  much  of  the  surrounding 
clay  was  stained  black,  but  in  some  places  fibres  existed  of  their 
usual  colour. 

4.  Discovery  of  the  sjpaces  in  the  London  Clay. — Shortly  after 
these  impressions  were  noticed  in  the  Woolwich  beds,  several  large 
moulds  of  selenite  were  discovered  in  the  London  Clay  of  the 
Tendring  Hundred  of  Essex  f.  They  were  very  numerous,  and 
were  larger  than  those  from  the  Woolwich  beds.  The  clay  in  which 

they  were  found  was  the  usual  dark  blue -grey  London  Clay,  and  was 
unfossiliferous.  The  impressions  were  perfect,  very  complicated  from 
the  verticillate  arrangement  of  the  crystals,  and  the  clay  within  the 
spaces  was  either  perfectly  like  that  without,  or  after  a  time  became 
tinted  with  the  sesquioxide  of  iron.  Very  small  pieces  of  selenite 
were  abundant  close  to  the  impressions. 

5.  Considerations  respecting  the  deposits. — Selenite  is  very  common 

*  The  loam  when  washed  with  distilled  water  yielded  less  than  1  per  cent,  of 
soluble  matters.  They  consisted  of  chloride  of  sodium,  sulphate  of  magnesia,  a 
trace  of  organic  matter,  and  less  than  1  per  cent  of  sulphate  of  lime. 

The  finer  particles  of  the  loam  took  very  long  to  settle,  and  the  sediment  con- 
sisted of  silica,  silicate  of  alumina,  protoxide  of  iron,  and  salts  of  lime,  soda,  and 

magnesia. 
t  Mr.  James  Cooke,  C.E.,  F.G.S.,  obtained  the  specimens. 
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in  the  London  Clay,  but  comparatively  rare  in  the  Woolwich  beds : 
moulds  of  it  have  not  been  hitherto  recorded  in  the  first  deposit,  but 
Messrs.  Prestwich  and  De  la  Condamine  noticed  them  many  years 
ago  in  the  latter  at  Counter  Hill*. 

However  common  these  spaces  may  be,  the  facts  still  remain  for 
consideration,  that  a  rather  insoluble  mineral  has  been  deposited  in 
and  removed  from  sedimentary  marine  and  fluviatile  deposits,  and 
that  the  mineral  has  not  hitherto  been  formed  artificially.  The  crys- 

talline nature,  optical  properties,  and  chemical  composition  of  selenite 
are  well  known ;  but  it  is  a  species  which  has  either  been  much  neg- 

lected or  has  been  treated  as  crystalline  gypsum,  being  considered 
to  be  influenced  identically  with  it  by  reagents. 

The  part  of  the  Woolwich  bed  and  tbat  of  the  London  Clay  under 
consideration,  were  deposited  under  diJfferent  circumstances.  Mr. 

Prestwich's  great  essay  has  so  exhausted  the  subject,  that  it  simply 
remains  to  state  that  the  one  was  accumulated  during  the  physical 
changes  incident  to  an  estuary,  and  that  the  other  is  more  or  less  a 
deep-sea  deposit. 

It  is  evident  that  neither  the  selenite  nor  the  shells  forming  the 
bulk  of  the  deposit  near  Mottingham  were  rolled,  for  the  impressions 
are  sharp,   and  the  fragile  shells  are  usually  entire.     The  shells 
belonged  to  individuals  of  all  ages,  they  were  all  jumbled  together, 
and  it  is  evident  that  the  mollusca  did  not  live  quite  on  the  same 
area  in  which  their  shells  are  preserved.     If  it  could  be  allowed  that 
these  masses  were  washed  together  to  die  under  some  unusual  cir- 

cumstances, one  of  which  must  have  been  a  sudden  depression  of  the 
surface,  an  immense  amount  of  decomposition  must  have  ensued,  and 
the  decaying  mass  of  mollusca,  extending  over  a  large  area,  would 
have  produced  well-marked  changes  in  the  hthology  of  the  district. 
All  the  chemico-geologic  facts,  however,  disprove  such  an  amount  of 
decomposition,  and  indicate  a  feeble  amount  of  organic  decay.     The 

water-supply  probably  consisted  of  river-water,  brackish  water,  and 
occasionally  of  pure  sea- water.     The  river  probably  worked  its  way 
through  the  chalk,  and  its  water  was  as  well  supplied  with  sulphate 
of  lime  as  similar  streams  now  are.     More  of  this  salt  it  could  not 

have  had,  for  the  molluscous  and  plant-life  was  evidently  abundant 
and  vigorous.     The  quantity  of  clay  and  sand  which  now  forms  the 
matrix  for  the  shells  is  but  a  small  vestige  of  what  was  deposited 
contemporaneously  with  repeated  quantities  of  shells,  and  it  is  most 
probable  that  during  the  slow  depression  of  the  surface  of  the  land 
and  estuarine  bottom,  the  layers  of  sheUs  were  deposited  with  great 
quantities  of  silt  and  clay,  which  were  more  or  less  washed  away 
from  time  to  time.     That  is  to  say,  the  moUusca  were  gently  washed 
into  channels  and  formed  a  thin  layer ;  they  were  covered  up  with 
silt  and  clay,  and  their  decomposition  was  probably  in  progress  when 
another  layer  was  formed  above ;  the  greater  part  of  the  inorganic 
deposit  was  then  washed  away,  and  the  layers  gradually  merged  one 
into  the  other ;  or  the  succession  of  layers  may  have  been  numerous 
before  the  bulk  of  the  sand  and  clay  was  removed.     This  explanation 

*  Prestwich,  Quart.  Journ,  Geol.  Soc.  vol.  x.  p.  123. 
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meets  the  difficulty  of  accounting  for  the  slight  evidences  of  decom- 
position in  the  beds  which  are  so  crowded  with  shells. 

It  must  be  remembered,  in  considering  the  subsequent  geologic 
chemistry  of  the  beds,  that  as  the  depression  of  the  estuarine  deposit 
proceeded,  it  was  covered  with  the  marine  London  Clay,  and  that 
salt  water  percolated  through  its  beds  until  all  was  elevated,  and 
subaerial  denudation  commenced. 

The  London  clay  in  the  neighbourhood  of  the  impressions  is  un- 
fossiliferous,  and  contains  no  carbonate  of  lime, .  but  doubtless  the 

organisms  common  to  all  sea-bottoms  were  once  present,  and  deter- 
mined in  a  decided  manner  the  mineral  condition  of  the  deposit. 

The  small  particles  of  selenite  near  the  impressions  were  probably 
carbonate  of  lime  at  one  period.  Kiver-  and  rain-waters  had  nothing 
to  do  with  these  clays  at  first,  for  they  were  washed  and  percolated 
by  sea-water,  until  the  elevation  of  the  lower  Eocene  beds  subjected 
them  to  the  action  of  fluviatile  and  meteoric  waters. 

The  slow  rate  of  drainage  through  the  London  Clay  is  tolerably 
evident.  It  wiU.  be  noticed  that  in  one  instance  the  evidences  of  the 

deposition  and  removal  of  selenite  were  found  in  beds  which  were 
shallow-  and  fresh-  or  brackish -water  deposits,  and  that  a  prolonged 
exposure  to  percolation  by  sea-water  was  followed  by  a  rapid  perfect 
drainage  by  fresh  water ;  whilst  in  the  other  instance  the  proofs  were 
discovered  in  marine  deposits  which  were  not  formed  near  the  sur- 

face, and  which  have  been  finally  slowly  drained  by  fresh  water. 
Moreover  the  selenite  is  common  in  the  marine  but  rare  in  the  es- 

tuarine deposit*,  and  in  both  it  is  scattered  and  is  not  in  horizontal 
layers. 

6.  Origin  of  Selenite. — There  are  many  instances  of  the  formation 
of  crystaUine  gypsum  during  the  recent  period,  consequent  on  the 
evaporation  of  waters  holding  sulphate  of  lime  and  other  salts,  such 
as  sulphate  of  soda  and  chloride  of  sodium,  in  solution.  Darwin 
found  large  crystals  in  the  banks  of  a  South  American  salina  which 
deposited  large  amounts  of  sulphate  of  soda;  Bischoff  and  others 
notice  the  formation  of  laminar  crystals  on  the  faggots  placed  for 
retarding  the  percolation  of  certain  sahne  waters,  and  there  are  some 
fine  specimens  of  recent  crystalline  gypsum  impregnated  with  sand 
in  the  museum  of  the  Society.  The  deposition  of  small  crystals  and 
of  the  amorphous  mineral  occurs  very  constantly  J. 

Now  all  these  deposits  occur  under  somewhat  identical  conditions, 
and  often  have  a  relation  to  the  comparative  solubilities  of  the  chloride 
of  sodium  and  sulphate  of  soda  which  are  more  or  less  present  in  the 
waters.  The  excess  of  sulphate  of  lime  is  rarely  observed,  and  it  is 
pernicious  to  molluscous  life ;  and  as  it  is  not  advisable  to  travel  out 
of  the  usual  course  of  things  in  attempting  to  account  for  difficult 
natural  problems,  it  may  be  conceded  that  no  more  than  an  average 
amount  of  the  salt  is,  in  the  first  instance,  present  in  the  great  ma- 

^  Mr,  Prestwich  notices  the  absence  of  selenite  in  the  mottled  clays  of  the 
Woolwich  beds  (op.'cit.). t  Chem.  and  Phys.  Geol.  Cavendish  Society,  vol.  i.  p.  426. 

I  Ibid.  vol.  i.  p.  154. 
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jority  of  instances  where  it  is  ultimately  deposited  by  evaporation. 
It  is  very  evident  that  the  selenite  of  the  London  Clay  could  not 
have  been  the  result  of  surface-evaporation,  for  it  is  found  through- 

out the  thickness  of  the  deposit,  which,  moreover,  is  of  deep-sea 
origin. 

In  the  Woolwich  beds  the  spaces  were  found,  not  in  layers,  but 
scattered  and  at  various  depths.  It  is  possible  that  the  facilities 
for  evaporation  were  occasionally  considerable  in  this  deposit,  but 
there  are  many  reasons  to  be  adduced  against  this  idea. 

There  are  no  evidences  of  either  the  Woolwich  or  London  Clay  beds 
having  been  percolated  by  an  intensely  gypseous  water.  There  is  a 
difficulty  in  this  part  of  the  inquiry  in  consequence  of  the  difference 
between  selenite  and  the  other  forms  of  crystalline  gypsum. 

All  the  specimens  which  have  resulted  from  evaporation  which  I 
have  seen,  cannot  be  called  selenite,  they  are  more  fibrous,  less 
laminar,  and  not  so  regularly  crystalline.  The  distinction  between 
the  two  forms  is  acknowledged  by  some,  but  ignored  by  other  mine- 

ralogists, and  Bischof  must  be  classed  amongst  those  who  consider 

all  the  forms,  except  Anhydrite,  to  be  identical  in  the  chemico-geo- 
logic  sense.  But  although  burnt  selenite  acts  chemically  like  burnt 
gypsum,  still  in  its  crystalline  form  it  is  infinitely  more  durable,  less 
soluble,  and  less  influenced  by  heat,  cold,  and  moisture.  The  struc- 

ture of  selenite  infers  long  periods  of  time  for  the  perfection  of  its 
large  laminate  crystals ;  and  if  this  be  the  case,  it  is,  especially  when 

the  extra  amount  of  water  of  composition  is  considered,  a  strong- 
argument  against  its  origin  by  simple  and  immediate  deposit. 

As  there  is  some  doubt  whether  selenite  is  ever  the  result  of  simple 
deposition,  the  examples  now  and  then  presented  of  selenite  crystals 
developing  in  masses  of  amorphous  gypsum,  become  very  important. 
In  fact  the  only  definite  knowledge  of  the  origin  of  the  mineral  is 
derived  from  them,  and  all  other  explanations  are  hypothetical. 

.  Gypsum  may  have  been  deposited  in  the  clays  from  either  the  per- 
colating river-  or  sea-water ;  but  still  this  is  less  probable  than  its 

secondary  and  chemical*  origin  by  the  changes  induced  in  carbonate 
of  lime  by  decomposing  organic  matter.  Although  carbonate  of 
lime  does  not  now  usually  exist  p^r  se  in  the  clays,  still  masses  of 
it  are  found  here  and  there,  although  they  have  been  exposed  to 
great  water- washing.  During  the  earlier  years  of  the  London  and 

"Woolwich  beds,  large  amounts  of  carbonate  of  lime  must  have  been formed  from  the  detritus  of  shells,  and  in  many  places  they  must  have 
been  exposed  to  the  influence  of  sulphuretted  hydrogen,  and  its  asso- 

ciated gases — the  result  of  the  decomposition  of  organisms. 
If  it  be  admitted  that  water  containing  sulphate  of  lime  will  pro- 

duce an  evolution  of  sulphuretted  hydrogen,  carbonic  oxide,  and 
carbonic  acid  gases  from  dead  organic  matter,  it  simply  remains  to 
account  for  a  sufficiency  of  oxygen  to  develope  small  quantities  of  sul- 

phuric acid,  before  gypsum  can  be  produced  from  the  carbonate  of 
lime.     The  ̂ constant  presence  of  organisms  between  the  layers  of 

*  See  "  Remarks  on  the  Production  of  Crystals,"  by  John  Morris,  Mag.  Nat. 
Hist.,  November  1837. 
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selenite  and  amidst  gypsum  is  remarkable,  as  is  also  the  frequent 
neighbourhood  of  plant-beds  or  lignites. 

It  is  by  no  means  improbable  that  the  deoxidation  of  the  vegetable 
remains  before  their  complete  transformation  into  lignite,  may  have 
been  produced  by  the  gases  resulting  from  decomposing  contiguous 
organic  substances  in  contact  with  water  containing  usual  amounts 
of  sulphate  of  lime  in  solution.  The  sulphuretted  hydrogen,  deriving 
oxygen  from  the  vegetable  matters  undergoing  their  transformation 
into  more  or  less  pure  hydrocarbons,  yielded  the  sulphuric  acid  re- 

quisite for  the  formation  of  the  gypsum. 

How  constantly  peat,  coal,  and  several  forms  of  gypsum  are  asso- 
ciated is  well  known,  and  the  theory  should  hold  good  in  all 

instances. 

It  would  appear  then  most  consistent  to  assert  that  the  selenite  of 
the  London  and  Woolwich  clays  was  formed  in  amorphous  gypsum, 
the  result  of  the  decomposition  of  carbonate  of  lime  by  sulphuric  acid 
in  minute  quantities,  probably  in  percolating  water. 

The  solution  of  the  gypsum  around  the  crystals  of  selenite  and 
the  closing  in  of  the  clay  are  inferred  to  have  then  taken  place. 

7.  How  selenite  may  have  been  removed  from  the  deposits. — The  se- 
lenite must  have  been  removed  from  the  spaces  in  one  of  the  fol- 
lowing manners : — 

1 .  By  being  washed  out  mechanically. 
2.  By  being  simply  dissolved  by  percolating  waters. 
3.  By  being  decomposed. 

1.  The  spaces  were  all  closed,  and  the  clay  was  not  laminated  until 
it  became  dry.  The  impressions  of  the  planes  and  angles  were  per- 

fect.    These  facts  militate  against  the  removal  mechanically. 
2.  The  improbability  of  the  solution  of  the  selenite  may  be  gathered 

from  the  following  considerations. 

In  the  same  London  Clay,  in  more  exposed  situations,  where  con- 
stant moisture  and  sea-spray  act  in  all  seasons,  selenite  is  still  found 

in  great  abundance.  If  selenite  be  not  dissolved  on  the  Walton  cliffs, 
why  should  it  be  dissolved  inland,  where  the  only  moisture  is  that 
of  very  slowly  percolating  meteoric  waters?  Small  particles  of 

selem'te  remain  undissolved  close  to  the  spaces,  and  there  is  an  abun- dance of  soluble  matter  around  them.  The  hardness  and  perfection 

of  the  planes  and  angles  of  the  impressions  could  not  have  been  ex- 
pected after  so  prolonged  a  percolation  as  that  required  to  dissolve 

out  the  selenite. 

3.  The  production  of  a  salt  which  would  entail  a  gradual  destruc- 
tion of  the  lamellar  structure  of  the  selenite,  and  would  bring  the 

mineral  down  to  the  level  of  solubility  witnessed  in  gypsum,  might 
account  for  the  empty  spaces.  The  theory  which  appears  to  be  most 
reasonable  is  partly  that  by  which  Bischof  accounts  for  the  decom- 

position of  beds  of  gypsum,  and  the  consequent  formation  of  other 
beds  of  gjrpsum  out  of  strata  of  carbonate  of  lime.  Bischof  may  be 

thus  quoted* : — "  If  gypsum  is  impregnated  with  organic  substances 
(bitumen)  and  comes  in  contact  with  water,  it  will  be  gradually  de~ 

*   Op.  cit.  vol.  i.  p.  419. 
VOL.  XXII.   PART  I.  C 
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composed  into  sulphuret  of  calcmm,  while  carbonic  acid  will  at  the 
same  time  be  formed.  Should  the  carbonic  acid  pass  from  deeper  to 
higher  strata,  which  are  likewise  undergoing  decomposition,  it  gives 
rise,  in  the  presence  of  water,  to  a  disengagement  of  sulphuretted 
hydrogen,  while  the  gypsum  is  converted  into  carbonate  of  lime.  If 
these  exhalations  of  sulphuretted  hydrogen  become  converted  by 
attraction  of  atmospheric  oxygen  into  sulphuric  acid,  and  this  comes 
in  contact  with  the  younger  strata  of  limestone,  gypsum  will  again 

be  formed." 
It  may  be  noticed  in  support  of  the  adaptation  of  this  theory  to 

the  cases  under  consideration,  that  the  organic  substances,  some  of 
them  even  bituminous,  were  at  hand,  and  that  the  clays  were  doubtless 
always  wet. 

The  former  soluble  condition  of  portions  of  the  plant-beds  may  be 
estimated  from  the  blackening  of  the  clay  and  loam  immediately 
around  them ;  and  it  is  probable  that  this  solubility  increased  after 
the  deoxidation  of  the  vegetable  matter  had  been  completed. 

It  is  remarkable  that  the  only  trace  of  a  sulphide  in  the  portion  of 
the  Woolwich  beds  under  consideration,  was  found  close  to  the  sele- 
nite  impressions ;  and  it  is  equally  interesting  in  reference  to  the 
theory  I  have  adopted,  that  particles  of  selenite  should  have  been 
found  close  to  the  large  moulds  in  the  London  Clay. 

If  sulphide  of  calcium  was  formed,  as  already  noticed,  and  the 
interlaminar  spaces  of  the  selenite  were  gradually  the  seat  of  its  for- 

mation, thus  offering  a  large  surface  for  its  development  and  for  the 
action  of  percolating  water,  the  gradual  disappearance  of  the  crystals 
was  but  a  matter  of  time.  If  these  theories  of  the  origin  and  removal 
of  selenite  are  correct,  the  decomposition  of  the  plant-remains  in  one 
case,  and  of  other  organisms  in  the  other,  were  of  equal  importance ; 
and  it  is  from  the  abundance  of  the  evidences  of  such  decomposition 
in  the  London  Clay  that  the  operation  of  solutions  of  organic  matter 
is  inferred. 

8.  Conclusion. — The  preservation  of  the  impressions  of  selenite  is 
doubtless  exceptional,  and  it  is  very  probable  that  this  mineral,  like 
many  others,  is  formed,  decomposed,  and  removed  without  any  trace 
being  left  of  the  complicated  chemical  operations  which  determined 
its  existence  and  decay.  The  existence  of  soluble  salts  in  the  Wool- 

wich clay  is  remarkable,  for  they  cannot  be  all  derived  from  the  per- 
colating surface-water,  but  from  the  original  constituents  of  the  bed. 

It  is  a  proof  of  the  great  lapse  of  time  required,  even  with  the  assist- 
ance of  alterations  in  the  level  and  dip  which  determine  increased 

drainage,  before  such  beds  can  be  reduced  to  the  mineralogical  sim- 

plicity illustrated  by  clay-slate. 
The  formation  of  gypsum,  and  of  its  more  durable  replacing  crystal- 

line form  selenite,  suggests  the  decomposition  and  destruction  of  or- 
ganic remains,  and  the  disappearance  of  these  minerals  is  equivalent  to 

the  destruction  of  the  evidence  of  the  former  existence  of  organisms. 
How  organisms  are  preserved  and  destroyed  in  sedimentary  strata, 

are  questions  constantly  before  the  geologist ;  and  these  observations 
have  been  made  with  the  intention  of  correlating  the  disappearance 
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of  selenite  with  that  of  the  organisms  to  whose  former  existence  it 
owed  its  origin.  It  is  clear  that  if  organisms  deposited  in  sediment 
contribute  at  the  commencement  to  the  formation  of  such  minerals 
as  selenite,  which  are  removeable  in  their  turn,  after  a  while  the 
sediment  may  become  free  from  all  trace  of  former  organic  matters. 
In  other  words,  there  is  no  reason  why  the  purest  clay-slate  may  not 
have  been  formed  from  a  fossiliferous  clay. 

2.  On  the  Relation  of  the  Norwich  or  Eluvio-maeine  Crag  to  the 
Chillesford  Clay  or  Loam.  By  the  Rev.  0.  Pisher,  M.A., 
P.G.S. 

During  the  month  of  August  last,  in  company  with  Professor 
Liveing,  I  visited  Orford  and  Aldborough,  and  we  made  some  obser- 

vations which  may  tend  to  clear  up  the  uncertainty  which  hangs 
over  the  relations  of  the  Red  Crag,  Chillesford  beds,  and  Fluvio- 
marine  or  Norwich  Crag.  We  took  with  us  the  paper  by  Mr.  Prest- 

wich  on  the  Chillesford  Beds,  in  vol.  v.  of  the  Society's  Journal, 
that  by  Mr.  S.  Y.  Wood,  jun.,  "  On  the  Red  Crag  and  its  Relation  to 
the  Pluvio-marine  Crag,  and  on  the  Drift  of  the  Eastern  Counties!" 
(Annals  and  Mag.  of  Nat.  Hist.,  March  1864),  and  the  same  author's 
"  Map  of  the  Upper  Tertiaries  of  the  Eastern  Counties,  with  remarks 
thereon,"  privately  printed,  1865.  After  having  begun  to  digest 
the  materials  we  had  collected,  I  visited  the  same  neighbourhood 
again  in  the  beginning  of  September. 

Mr.  Prestwich  has  left  it  open  as  to  "whether  the  Chillesford 
deposit  may  not  be  identical  with  the  Mammaliferous  Crag  of  Nor- 

wich"*, or  whether  it  "may  not  belong  to  a  period  one  stage  more 
recent  than  the  Mammaliferous  Crag ;  whether  in  fact  it  may  not  be 
the  marine  representative  of  that  thin  marine,  freshwater,  and  land 
series,  which,  on  the  north-eastern  coast  of  Norfolk,  is  spread  over 
the  patches  of  the  Norwich  Crag,  and  immediately  underlies  the  great 

northern  clay  drift,"  i,  e.,  I  conclude,  Mr.  Gunn's  "  laminated  beds." 
Sir  Charles  Lyell,  however,  in  his  work  on  the  Antiquity  of  Man, 

decidedly  adopts  the  former  view,  saying  that  "  the  most  southern 
point  to  which  the  marine  beds  of  the  Norwich  Crag  have  been 

traced  is  Chillesford,  near  Woodbridge  in  Suffolk  "f. 
Mr.  Wood,  jun.,  on  the  other  hand,  considers  the  Chillesford  beds 

to  be  a  local  member  of  the  division  of  the  glacial  series,  which  in  his 

last-mentioned  paper  he  terms  "  the  middle  drift."  He  says,  p.  4, 
"  The  Chillesford  beds  described  by  Mr.  Prestwich  in  1849  as  over- 

lying the  Red  and  Coralline  Crags,  pass  up  without  the  least  break 

into  the  middle  drift,  and  are  evidently  part  of  that  division."  And 
with  respect  to  the  Eluvio-marine  Crag  and  its  relation  to  the  Chil- 

lesford beds,  he  says,  "  The  conclusion  I  have  formed  is  that  the 
Eluvio-marine  Crag  of  Thorpe  is  inferior  to  the  fifth  stage  Red  Crag" 
(that  is,  the  phosphatic  nodule  bed),  while  in  another  place  he  states 

^  Quart.  Journ.  Geol.  Soc.  vol.  v.  p.  351.  f  Ed.  1863,  p.  211. c2 
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that  "  this  horizontal  Crag  "  (i.  e.  the  phosphatic  nodule  bed)  "  passes 
up  into  the  Chillesford  beds  at  Chillesford." 

In  short,  Mr.  Wood's  views,  as  he  informs  me,  are  these,  "  That 
the  Eed  and  Fluvio-marine  Crag  are  coeval ;  while  the  Chillesford 
beds  are  but  a  fossiliferous  (and  that  only  local)  horizon  of  the 
"  middle  drift,"  at  about  one-third  to  one-half  of  the  distance  from 
the  base  of  that  deposit,  the  horizontal  crag  being  only  the  very 

base  of  the  ̂   middle  drift '  over  parts  of  the  Eed  Crag  area." 
I  feel  that  any  contribution  towards  the  solution  of  this  interesting 

though  limited  problem  is  worth  recording,  and  I  can  assure  the 
Society  that  my  companion  and  I  made  our  first  examination  with 
no  previous  bias  towards  one  view  rather  than  another. 

The  section  at  Chillesford  loam-pit  close  to  the  chancel  of  the 
church  gives—  ft.    in. 

Drift  from  the  Boulder-clay       5 
Brown  laminated  loam  with  crushed  shells       2 
Micaceous  brown  sand           7 

Light-brown  sand  with  Myee  in  their  natural  burrows        0     6 
Coarse  sands,  less  micaceous,  and  not  laminated. 

In  the  adjoining  pit  of  Eed  Crag,  distant  about  fifty-eight  yards, 
there  is  a  difference  in  character  between  the  upper  and  lower  half 
of  the  section.  The  lower  has  the  ordinary  aspect  of  Eed  Crag,  but 
the  upper  appears  to  be  a  continuation  of  the  sands  of  the  loam-pit. 

There  is  in  the  upper  part  a  bed  of  shells  horizontally  stratified, 
a  foot  thick  at  about  5  feet  below  the  level  of  the  Mya-bed  in  the 
loam-pit.  Then  succeed  5  feet  more  of  horizontally  drifted  shelly 
sand,  which  rests  on  the  ordinary  obliquely  laminated  Eed  Crag. 

Proceeding  to  Chillesford  brick-pit,  the  loamy  clay  is  dug  for 
15  feet,  down  to  a  shelly  sand,  but  I  did  not  meet  with  Myae  in  it. 
In  other  respects  the  deposit  agrees  very  closely  in  character  with  that 
in  the  pit  behind  the  church.  In  these  two  pits  the  grey  colour  so 
characteristic  of  this  bed  at  some  points  is  only  observable  in  a  few 
thin  layers,  the  prevailing  colour  here  being  a  light  brown. 

The  same  clay,  of  a  greyish-brown  colour,  and  resting  on  yellowish 

sands,  is  met  with  in  a  clay-pit  at"the  western  corner  of  Sudbourn 
Park.  The  porous  character  of  the  sands  is  shown  by  the  fact  that 
a  field-drain,  yielding  a  continuous  stream  of  water,  is  turned  into 
the  pit,  and  sinks  away  without  forming  any  pool.  The  substratum 
at  this  place  must  be  Coralline  Crag,  which  comes  to  the  surface  just 
inside  the  park. 

Thus  far  these  Chillesford  beds  appear  to  consist  of  laminated 
micaceous  clays,  sometimes  brown  and  sometimes  grey,  having  at 
their  base  a  sandy  band,  at  some  spots  containing  Myce  truncatce  in 
their  natural  burrows,  the  whole  resting  on  a  loose  yellowish-brown 
sand.  These  beds  indiscriminately  overlie  the  Eed  and  Coralline 
Crags.  We  found  these  beds  again  more  or  less  modified  between 
Aldborough  and  the  pit  at  Thorpe,  near  Aldborough,  where  the  Fluvio- 
marine  Crag  appears.  There  were  indications  at  that  spot  which 
appeared  to  us  to  show  that  the  Chillesford  beds  pass  under  this  Crag, 
and  I  commenced  the  present  paper  upon  the  data  we  had  so  far 
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gathered;  but  not  being  satisfied  with  my 
proofs,  I  determined  to  make  a  careful  section 
from  Orford  to  the  Thorpe  pit,  and  at  my 
second  visit  walked  over  the  ground  for  this 

purpose. 
To  some  extent  the  section  will  explain 

itself,  but  I  desire  to  advert  to  a  few  parti- 
culars of  it. 

The  chief  difficulty  in  the  geology  of  this 

neighbourhood  arises  from  the  repeated  ero- 
sions which  the  surface  has  undergone,  the 

newer  beds  being  thrown  down  upon  the  eroded 

surfaces  of  the  older.  ^ 
One  consequence  of  this  is  that  we  ordinarily 

find  the  succession  incomplete.  Another  is 

that  any  given  deposit  does  not  continue  of  a 

uniform  thickness,  but  while  its  upper  surface,   

where  it  has  escaped  erosion,  is  nearly  hori- 
zontal, the  lower  follows  the  contour  of  the 

surfaces  of  the  rocks  on  which  it  rests.  s^,  o 

Another  difficulty  arises  from  the  sandy  beds  ̂   q 

of  the  district  being  so  similar  to  one  another,  '^  ̂  
that  it  is  difficult  to  distinguish  them  by  their 
lithological  features. 

As  far  as  my  notice  extended  I  did  not  see 
any  indication  of  faulting,  and  the  dip  of  the 

beds  appeared  very  regular,  being  very  slightly 
towards  the  north. 

The  section  commences  at  the  Orford  wind- 

mill, which  is  marked  on  the  Ordnance  Map 

as  being  54  feet  above  the  sea-level.  Here 
the  beds  are  capped  by  a  drift  gravel  7  feet 

thick.     It   contains   large  flints   and   quartz   ■ 
boulders,  eight  or  ten  pounds  in  weight.  It 
rests  on  the  Chillesford  Clay. 

The  clay  or  loam  is  seen  in  a  small  pit  '^^ 
beyond  Queen  Esther  Grove.  It  is  exposed  ̂ W 

for  10  feet,  and  rests  on  reddish-yeUow  sheUy  p,  |i 

sand.  At  the  interval  of  one  field  the  sheUy  ̂  sand  is  seen  beneath  the  hedge.  A  quarter 
of  a  mile  further  on,  at  Sudbourn  Church 

Walks,  is  a  shallow  pit  in  brown  micaceous 
loam.  The  shelly  sand,  always  more  or  less 
noticeable  below  the  ChiUesford  loam,  is  well 

exposed  in  the  bottom  of  this  pit.  A  small 

excavation  which  I  made  disclosed  the  Mya- 
bed  in  great  perfection.  It  was  about  2  feet 
thick,  with  three  or  four  tiers  of  the  united  bi- 

valves. They  lay  so  close  together  that  it  was 
impossible  to  remove  one  without   breaking 
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others ;  but,  from  the  fact  of  the  matrix  in  which  they  were  im- 
bedded being  harder  than  the  sand  which  filled  the  shells,  I  found  it 

impossible  to  obtain  perfect  specimens.  The  upper  part  of  this  fossil 
bed  abounded  in  Mactra  ovalis,  a  few  having  the  valves  united, 
while  the  lower  part  yielded  great  numbers  of  Tellrna  ohliqua,  many 
of  which  also  had  their  valves  united.  The  species  which  I  collected 
here  were — 

Trophon  antiquum.  Mactra  ovalis  (abundant). 
Turritella  communis.  Tellina  obliqua  (abundant). 
Mytilus  edulis.  Mya  truncata  (abundant). 
Modiola  modiolus. 

Between  this  pit  and  Sudbourn  Church  loose  sands  occur.  These 
appear  to  crop  out  from  beneath  the  Mya-bed. 

At  the  bottom  of  the  vaUey  the  Coralline  Crag  may  be  seen  in  a 
pond,  and  several  pits  have  been  worked  in  that  stratum  on  the  side 
of  the  adjoining  hill.  But  there  is  one  remarkable  pit  near  the  top 
of  the  hill,  due  north  of  .v  in  Ox  Covert,  which  is  referred  to  by  Mr. 
Prestwich  in  his  list  as  consisting  of  Coralline  Crag  capped  with  the 
Bed  Crag,  and  which  appears  to  deserve  description. 

The  overlying  deposit,  15  feet  thick,  I  believe  to  be  riot  Bed  Crag, 
but  a  shoal-deposit  derived  from  the  Mya-bed.  The  appearance  of 
the  deposdt  differs  considerably  in  colour  and  texture  from  the  un- 

doubted Bed  Crag  of  Butley  and  Chillesford,  the  nearest  points  at 
which  I  saw  it ;  and  while  many  of  the  commoner  shells  of  the  Bed 
Crag  are  at  this  place  rare  or  altogether  absent,  those  of  the  Mya- 
bed  are  in  profusion;  above  all  Mactra  ovalis,  the  common  shell 
hereabouts  of  the  upper  part  of  the  Mya-bed,  forms  its  chief  ingre- 

dient. The  Coralline  Crag  at  this  spot  attains  a  higher  level  than 
usual,  which  I  doubt  not  was  the  cause  of  this  remarkable  accumu- 

lation of  dead  shells,  washed  together  during  the  formation  of  the 

Mya-bed.     The  species  which  I  noticed  in  this  crag  were — 

Mactra  ovalis  (in  extreme  profusion).         Mya  truncata  (equally  abundant). 
Tellina  obliqua  (extremely  abundant).         Mytilus  edulis  (common). 
  prsetenuis  (abundant),  Trophon  antiquum  (rare). 

There  is  a  resemblance  between  the  species  of  this  bed  and  of 
that  already  described  as  occurring  in  the  upper  part  of  the  Chilles- 

ford Bed-Crag  pit,  at  a  level  a  little  below  the  Mya-bed. 
Crossing  the  hill,  the  Chillesford  loam  is  seen  near  a  farm-house, 

and  the  sands  beneath  it  in  the  side  of  a  lane  near  the  bottom  of 

the  hill.     The  Coralline  Crag  is  dug  in  an  adjoining  pit. 
Crossing  the  valley,  I  met  with  a  bed  of  sand  covering  Coralline 

Crag,  the  surface  of  which  was  eroded  into  hummocks.  The  place 
is  on  the  same  line  of  country  as  the  pit  mentioned  by  Mr.  Prest- 

wich on  the  north  of  Perry  Parm-house,  where  he  saw  the  surface 

of  the  Crag  "  strongly  indented  by  drift  sands  and  gravel." 
This  sand  appeared  to  differ  from  that  which  I  had  hitherto 

noticed  as  underlying  the  Mya-bed,  and  which  I  had  just  seen  on 
the  opposite  side  of  the  valley.  It  contained  a  few  flints  of  con- 

siderable size,  and  the  herbage  which  covered  it  was  chiefly  heath. 
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I  have  coloured  it  on  my  section  as  belonging  to  the  sands  between 
the  Boulder-clay  and  the  Crag,  whose  geological  position  appears  as 
yet  not  well  made  out. 

The  line  of  section  here  crosses  the  hill  obhquely.  The  Chilles- 
ford  Clay  was  seen  near  the  top  of  it,  by  the  side  of  the  road.  At 
the  extreme  end  of  the  hill,  where  it  sinks  beneath  the  marsh,  sands 
were  seen  which  I  beheve  to  be  those  underlying  the  Chillesford 
Clay. 

Crossing  the  marsh,  the  section  enters  a  low  cliff  towards  the 
Eiver  Aide,  close  to  the  Aldborough  Gas-works.  This  cliff  is  com- 

posed of  drifted  sands  containing  frequent  small  patches  of  shells. 
There  is  one  rather  constant  band  of  shells  about  11  feet  from  the 

base  of  the  cKff.  It  is  best  seen  in  a  pit  by  the  side  of  a  lane  oppo- 
site the  Gas-works.     The  shells  found  in  the  cliff  were — 

TeUina  praetenuis  (very  abundant).  Cyprina  Islandica. 
  obliqua  (abundant).  Mactra  ovalis. 
Mytilus  edulis.  Cardium  edule. 
Mya  truncata. 

At  5  or  6  feet  above  this  band  of  shells,  at  the  top  of  the  low 
cliff,  the  Chillesford  Clay  commences.  It  is  extensively  worked  at  a 
brick-pit  between  the  cliff  and  Aldborough  Church.  The  clay  is 
capped  by  brown  sands. 

The  Mya-bed  is  not  seen  at  this  spot,  but  close  to  the  first  mile- 
stone from  Aldborough  it  appears  in  the  roadside-cutting.  The 

species  collected  there  with  scarcely  any  searching  were — 

•   Tellina  obliqua  (valves  united)  Turritella  communis. 
Mya  truncata.  Natica. 
Mactra  ovaHs.  Calyptrsea. 
Buccinum  imdatum. 

The  lower  ground  hereabouts  is  occupied  by  the  Coralline  Crag,  which 
is  exposed  in  a  large  pit  just  on  the  west  side  of  the  line  of  section. 
Mr.  Wood  noticed  in  the  heading  of  this  pit  at  one  place  traces  of  a 
shelly  crag,  and  at  another  a  patch  of  phosphatic  nodules.  We  saw 
also  both  these.  They  appeared  to  have  been  drifted ;  and  I  have 
little  doubt  that  the  Crag  had  been  derived  from  the  Mya-bed,  and  I 
think  it  very  possible  that  the  nodules  may  have  come  from  the  Coral- 

line Crag  itself.  We  found  such  in  the  CoraUine  Crag  at  Sudbourn 

Park,  which  renders  it  not  unlikely  that  an  old  water-washed  sur- 
face of  that  rock  might  yield  them. 

The  Chillesford  Clay  is  again  met  with  in  the  Old  Aldborough 
brick-kiln  on  the  rising  ground  above  the  Crag-pit.  This  is.  the 
brick-kiln  mentioned  by  Mr.  Wood. 

The  clay  is  here  overlain  unconformably  by  brovm  sands. 
A  tract  of  low  marshy  land  is  now  crossed,  upon  which  we  saw 

traces  of  Coralline  Crag,  as  we  thought,  dug  out  of  a  deep  hole. 
The  rising  ground  beyond  the  marsh,  on  which  to  the  east  stands 

the  hamlet  of  Thorpe,  consists  of  brown  sands.  They  are  rather 
coarse,  and  contain  ferruginous  layers.  These  sands  are  exposed 
in  a  railway- cutting  on  the  edge  of  the  marsh.     A  little  further 
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on,  about  a  furlong  and  a  half  beyond  a  crossing  over  the  rail- 
way, there  is  a  small  sand-pit.  Its  position  may  be  found  on  the 

Ordnance  Map  on  the  side  of  the  hill  opposite  the  last  hin"  Ald- 
ringham  ChurcA."  Here  we  met  with  an  abundance  of  impressions 
of  shells  in  the  more  clayey  layers.  The  most  common  species  was 
Mytilus  edulis.  The  shells  (as  well  as  I  can  distinguish  them)  appear 
to  be — 

Mytilus  edulis  (abundant).  Pecten.  Cardium. 

Two  furlongs  further  to  the  north  is  an  old  pit  overgrown  with 
herbage.  It  is  in  brown  sand.  Near  it  is  another  of  similar  ma- 

terial with  water  in  it ;  and  a  few  yards  further  to  the  north  the 

Thorpe  "  shell-pit "  is  reached.  This  has  been  considered,  I  beheve 
rightly,  to  be  an  exposure  of  the  Eluvio-marine  or  Norwich  Crag  *. 
Its  thickness  is  very  considerable,  but  owing  to  the  state  of  the  pit 
it  is  not  possible  to  estimate  it  exactly  f.  It  must,  however,  attain 
ten  or  twelve  feet  in  the  pit.  There  is  also  a  trace  of  the  same  bed 
in  the  bank  on  the  western  side  at  the  end  of  the  lane  near  the  n 

in  "  Aldringham  Common."  This  must  be  30  feet  or  more  above 
the  bottom  of  the  pit,  though  it  does  not  necessarily  foUow  that  the 
deposit  was  that  thickness ;  nor  am  I  positive  that  it  is  in  situ. 

At  the  bottom  of  the  "  sheU-pit "  is  a  small  pool  of  water,  and 
digging  at  its  edge  I  soon  reached  the  bottom  of  the  bed  of  Crag. 
In  its  lowest  layer  were  numerous  pebbles  of  indurated  brown 
micaceous  sandy  clay,  and  beneath  it  the  brown  sandy  clay  itself, 
from  which  they  had  evidently  been  derived. 

A  strong  spring  rose  from  the  junction  as  I  dug,  and  I  have  no 
doubt  it  is  the  same  spring  which  supplies  the  small  pond  resting  on 
brown  sandy  loam,  already  mentioned  as  being  close  at  hand. 

We  were  impressed  with  the  opinion  that  we  here  had  theFluvio- 
marine,  or  Norwich  Crag,  resting  upon  the  Chillesford  Clay.  Before 
my  second  visit  to  the  place  it  occurred  to  me  that  this  Crag  might 
be  a  drifted  condition  of  the  Mya-bed,  as  I  believe  the  fifteen  feet  of 
shelly  Crag  resting  on  Coralline  Crag  near  Ferry-farm  to  be.  But  on 
examining  the  evidence  again  I  was  confirmed  in  my  former  opinion. 

I  have  mentioned  brown  sands  as  covering  the  Chillesford  Clay  at 
both  the  Aldborough  brick-pits,  and  as  appearing  again  between  the 
marsh  (through  which  flows  the  Hundred  River)  and  the  shell-pit. 
These  sands  are,  as  I  have  stated,  fossiliferous  in  the  latter  place. 

They  may  be  seen,  emerging  from  beneath  the  Boulder- clay,  at 
Aldringham  Green,  and  they  are  again  capped  by  it  just  north  of  the 

*  Woodward,  Phil.  Mag.  1835,  p.  354.  Gunn's  Geology  of  Norfolk,  p.  12. 
Wood  on  Eed  Crag.     Ann.  &  Mag.  Nat.  Hist.  March  1864,  p.  9. 

t  The  species  I  found  here  were — 
Buccinum  undatum  (abundant).  Tellina  obliqua. 
Purpura  lapillus.    lata  ? 
Litorina  litorea  (abundant).    prsetenuis. 
Conovulus  pyramidalis.  Mactra  solida. 
Cerithium  tricinctum.  Cardium  edule. 
Turritella  communis.  Cyprina  Islandica. 
Pecten  opercularis.  Mya  arenaria  ? 
Mytilus  edulis. 
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village  of  Thorpe.  The  spread  of  these  sands  generally  obscures  the 
subjacent  rocks,  but  by  a  valley- denudation  the  Norwich  Crag  is 
exposed  at  the  one  spot  described ;  and  I  believe  the  top  of  the 
Chillesford  Clay  to  be  also  exposed  for  a  short  distance.  To  the 
presence  of  this  clay  I  attribute  the  water  which  is  found  in  the  pit 
close  by  the  shell-pit.     The  sands  would  not  support  water. 

The  stratification  of  the  district  strongly  favours  the  view  I  have 
taken  of  the  superposition  of  the  Norwich  Crag  upon  the  Chillesford 
Clay.  On  the  other  hand,  it  would  be  quite  possible  to  conceive 
that  the  Mya-bed  might  be  here  expanded  into  a  thick  bed  of  Crag, 
and  this  is  what  has  been  generally  assumed  to  be  the  case.  I 
think,  however,  that  the  evidence  rather  supports  my  suggestion. 

In  the  first  place,  the  assemblage  of  species  as  seen  at  the  shell- 
pit  differs  from  that  of  the  Mya-bed.  As  strongly  as  I  felt  convinced 
on  the  spot  that  the  Crag  above  Ferry-farm  was  derived  from  the 
Mya-bed,  so  strongly  did  I  feel  that  the  Crag  at  Thorpe  was  not  de- 

rived from  it. 

In  the  second  place,  the  pebbles  of  indurated  clay  found  at  the 
bottom  of  the  shell-pit  exactly  correspond  in  composition  and  colour 
with  the  Chillesford  Clay,  wherever  it  is  weathered  brown,  as,  for 
instance,  at  Chillesford  itself. 

In  the  third  place,  I  have  always  noticed  a  porous  sand  under- 
lying the  Mya-bed,  which  would  not  support  water.  Indeed,  in  the 

clay  pit  near  Sudbourn  Park  I  have  mentioned  that  a  run  of  water 
from  a  field-drain  is  conducted  to  this  sand  and  immediately  lost  in 
it.  If,  therefore,  the  Thorpe  Crag  were  on  the  horizon  of  the  Mya- 
bed,  I  do  not  think  that  we  should  have  a  spring  at  its  base,  nor  a 
pond  close  by  in  the  subjacent  stratum. 

The  conclusion  then  appears  to  be  correct,  that  the  Fluvio-marine 
Crag  at  Thorpe  near  Aldborough  rests  on  the  Chillesford  Clay,  and 
that  the  descending  sequence  in  that  district  is — 

1.  Fluvio-marine  or  Norwich  Crag. 
2.  ChiUesford  Clay. 

3.  Mya-bed  resting  on  sands,  which,  as  at  Aldborough  Gas- 
works, are  occasionally  fossiliferous. 

4.  Red  Crag. 

Let  us  now  see  whether  this  sequence  is  borne  out  by  other  expo- 
sures of  these  beds. 

It  has  long  been  known  that  a  formation  containing,  as  Sir 

Charles  Lyell  tells  us,  "  lamellibranchiate  shells  with  their  valves 
united,  mixed  with  land  and  freshwater  Testacea,  and  with  the 

bones  and  teeth  of  Elephant,  Ehinoceros,  Horse,  and  Deer"*,  occurs 

*  Elements,  1855,  p.  156.  Since  this  paper  was  read  I  have  been  favoured 
with  the  sight  of  a  letter  written  in  1864  by  Col.  Alexander  to  Mr.  Searles  V. 
Wood.  Putting  the  contents  of  this  letter  by  the  side  of  the  information  I  have 
received  from  Mr.  Ewen,  I  gather  that  four  Mastodon  teeth  have  been  obtained 

on  this  coast.  That  which  is  figured  by  Professor  Owen  in  his  '  Fossil  Mammals ' 
was  found  on  the  beach  at  Sizewell  Gap,  near  Thorpe.  Another,  which  Mr. 
Ewen  now  possesses,  was  found  under  the  cliff  after  a  fall  at  Easton  Bavent, 
A  third,  with  part  of  the  jaw  attached,  was  seen  by  Col.  Alexander  in  the  talus 
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at  Easton  Bavent  Cliff  near  Southwold.  I  visited  this  spot  in 
October,  and  was  at  once  convinced,  by  the  identity  of  the  lithological 
character,  that  we  here  have  the  Chillesford  Clay  underlain  by  the 

Mya-bed. 
Yet  at  this  spot,  as  at  Chillesford  Brick-pit,  I  found  no  Myas  in 

situ,  though  single  valves  occur.  Tellina  lata,  with  its  valves 
united,  is  extremely  common,  as  is  also  Tellina  prcetenuis. 

Immediately  beneath  the  Chillesford  Clay  we  come  upon  a  band  of 
drifted  shells,  two  or  three  inches  thick,  containing  flints  and  frag- 

ments of  bone  imbedded  in  a  coarse  sand,  and,  beneath  this,  sand 
with  Tellince  as  they  lived.  The  bed  occurs,  where  I  saw  it,  at  the 
very  bottom  of  the  second  cliff  north  of  the  farm-house,  and  was 
only  visible  for  a  few  feet,  the  rest  being  obscured  by  talus. 

The  following  species  occur  at  this  spot : — 
Tellina  lata.  Mactra  ovaHs. 

  obHqua.  Pecten  opercularis. 
  prsetenuis.  Cyprina  Islandica. 
Mya  truncata.  Litorina  litorea. 
Leda  myaHs.  Paludina  lenta. 

Mr.  Ewen  of  Southwold,  a  friend  of  the  late  Col.  Alexander,  in- 
formed me  that  this  band  used  to  occur  twenty-five  years  ago  higher 

up  in  the  cliff,  and  to  the  south  of  the  spot  where  I  found  it,  but 
that  it  had,  through  the  wasting  of  the  cliff,  descended  beneath  the 
beach  at  the  old  locality,  owing  to  the  dip  of  the  bed.  This  is  im- 

portant for  my  theory,  as  will  appear  in  the  sequel. 
On  examining  other  spots  in  the  neighbourhood  of  Southwold,  I 

found  a  pit  at  a  place  called  Yarn  Hill,  near  Potter's  Bridge.  Here 
is  a  bed  of  shells,  chiefly  Tellince  in  sand.  It  is  covered  by  a  brown 
loam,  which  I  believe  to  be  weathered  Chillesford  Clay,  a  band  of 
flints  in  sand  intervening ;  I  have  no  doubt  of  its  being  a  continua- 

tion of  the  Mya-bed  seen  in  the  cliff. 
The  species  found  at  Yarn  Hill  were : — 

TeUina  obliqua  (common).  Litorina  htorea, 
  lata  (common).  Buccinum  undatum. 
  prsetenuis  (common).  Natica  catena. 
Mactra  subtruncata  (common).    G-uillemini. 
  ovalis  (not  common).  Hingicula  buccinea. 
Cardium  edule  (common).  Paludina  lenta. 
Cyprina  Islandica  (fragments).  Succinea  oblonga. 
Mytilus  edulis. 

On  the  hills  above  this  pit  are  pits  of  Chillesford  loam  and  clay, 
extensive  brick-works  being  carried  on  in  the  latter  at  Manor  House, 
Frostenden,  and  other  places.  At  Frostenden  brick-kiln  the  sand  is 
dry  beneath  the  clay,  but  the  Mya-bed  appears  to  be  absent.   Draw- 

of  the  same  cliff,  and  appears  to  have  come  from  some  position  above  the  Mya- 
bed.  It  fell  to  pieces.  A  fourth,  now  in  the  possession  of  Mr.  Ewen,  was  taken 
from  the  Mya-bed.    It  is  the  tooth  of  a  very  young  animal. 

Col.  Alexander  speaks  of  the  occurrence  of  Crag  shells  in  the  talus  of  Easton 
Cliff  to  the  south  of  the  outcrop  of  the  Mya-bed.  The  impression  left  on  my 
mind  is  that  some  patches  of  Norwich  Crag  were  then  existing  in  the  cliff  in  the 
position  I  have  assigned  to  it  above  the  Chillesford  Clay,  but  hidden  by  talus. 
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ing  a  line  from  the  spot  where  the  Mya-bed  occurs  on  the  beach  to 
the  pit  at  Yarn  Hill,  which  is  scarcely  raised  above  the  sea-level,  and 
bearing  in  mind  that  the  outcrop  on  the  coast  has  been  carried  be- 

neath the  beach  towards  the  south  by  the  encroachment  of  the  sea, 

we  obtain  a  dip  towards  the  south-west. 
Proceeding  to  Wangford,  we  meet  with  pits  in  the  true  Norwich 

Crag,  exactly  resembling  the  deposit  at  Thorpe,  near  Aldborough,  and 
at  the  pits  about  Norwich.  It  is  a  gravelly  deposit  of  considerable 
thickness ;  how  thick  the  section  does  not  show,  because  the  upper 
part  is  denuded,  but  about  9  feet  remains.  The  shells  are  not  grouped 
as  in  the  Mya-bed,  the  proportion  of  univalves  being  greater.  None 
of  the  bivalves  are  in  pairs.  Here  I  found  an  antler  of  a  deer,  but 
too  much  decayed  for  removal. 

I  dug  in  the  floor  of  this  pit  and  found  the  Crag  to  rest  on  a  lami- 
nated sandy  loam,  closely  agreeing  with  the  upper  part  of  the  Chil- 

lesford  Clay  at  Easton  Bavent  CUif.  The  dip  of  the  beds  to  the  south- 
west, as  determined  above,  agrees  well  with  this  identification. 

There  is  another  pit,  which  I  had  not  time  to  visit,  at  Bulcham 
Workhouse.  I  am  told  by  Mr.  Wood,  jun.,  that  it  is  in  the  Norwich 
Crag.  Its  position  would  agree  very  well  vdth  the  view  I  take  of  its 
superposition  on  the  Chillesford  Clay. 

Thus  the  observations  I  was  enabled  to  make  in  the  neighbourhood 
of  Southwold  confirm  my  former  view,  that  the  descending  order  of 

sequence  is — 
1.  Norwich  Crag, 
2.  ChiUesford  Clay, 

3.  Mya-bed; 

while  they  give  the  additional  fact  that  the  Mastodon  and  other 
Mammalia  have  been  procured  from  the  Mya-bed  at  Easton  Cliif. 
We  cannot,  then,  hesitate  to  include  the  Chillesford  Clay  in  the  Nor- 

wich Crag  series. 
I  am  not  aware  whether  the  Chillesford  Clay  occurs  in  the  Norfolk 

district  of  the  Crag,  where  it  rests  immediately  upon  the  Chalk. 
There  can  be  no  doubt  about  the  Chillesford  Clay  being  a  marine 

deposit,  for  I  found  in  it  a  lenticular  patch  of  sand  containing  shells 
similar  to  those  of  the  Mya-bed ;  and  Mr.  Prestwich  and  Mr.  Wood 
found  marine  shells  in  it  at  Chillesford.  The  character  of  the  deposit 
might  othervnse  have  led  one  to  suppose  that  it  was  lacustrine. 

There  are  still  some  problems  of  considerable  complexity  to  be 
solved  respecting  the  sequence  between  the  Mya-bed  and  the  Eed 
Crag,  and  again  from  the  Norwich  Crag  upwards. 

It  is  well  known  that  in  the  district  of  the  Red  Crag  there  are 
thick  beds  of  reddish-brown  sand  overlying  the  fossiliferous  Eed 
Crag.  These  have  been  called  "  the  unproductive  sands  of  the  Crag"*. 
Mr.  Wood,  jun.,  considers  them  to  belong  to  his  "  middle  drift,"  and 
thinks  that  the  Chillesford  beds  are  a  local  modification  of  them.  I 

am  not  prepared  to  deny  that  the  Chillesford  beds,  and  therefore  also 
the  Norwich  Crag,  may  be  a  local  modification  of  these  sands ;  but  I 

*  Prestwich,  Quart.  Journ.  Geol.  Soc.  rol.  x.  p.  93,  note. 



28  PEOCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [NoV.  22. 

question  their  bearing  any  relation  to  the  sands  which  usually  underlie 

the  Boulder-clay,  and  which  Mr.  Wood  has  called  "  middle  drift." 
Indeed,  I  believe  that  he  feels  that  difficulty  himself,  for  he  is  unable 
to  make  a  separation  between  these  unproductive  sands  and  the 
phosphatic  nodule-band,  and  yet  he  evidently  shrinks  from  dissoci- 

ating that  peculiar  band  from  the  general  deposit  of  the  Red  Crag. 

He  says,  ''I  incline  strongly  to  a  belief  that  this  horizontal  Crag  is 
merely  the  redeposit  of  the  material  of  the  Red  Crag  beach,  washed 

up  on  the  submergence  of  the  Crag  beneath  the  middle- drift  sea;" 
though  further  on  he  adds,  "  but  in  the  case  of  the  horizontal  Crag  or 
nodule-band,  this  dissociation" — of  the  nodule-band  from  the  Red 
Crag — "seems  difficult  to  arrive  at"*. 
My  own  impression  is  that  the  mass  of  sands  met  with  between 

the  Boulder-clay  and  the  Red  Crag  belongs  to  several  deposits  of 
different  ages.  The  unproductive  sands  of  the  Crag,  which  are  of  a 
peculiar  unctuous  character,  are  one  deposit.  The  laminated  brown 
and  yellow  sands  seen,  for  instance,  about  Aldringham  Common, 
in  which  I  found  Mytili  abundant,  are  another,  and  I  suspect  belong 

to  the  "  laminated  beds  "  of  Mr.  Gunn,  which  underlie  the  Norfolk 

Till.  "We  have  still  a  third  deposit  of  sand  in  the  "  middle  drift," overlying  these,  and  containing  those  beds  of  rounded  pebbles  which 
have  contributed  chiefly  to  form  the  beach  of  the  Suffolk  coast. 

I  believe  that  all  these  sands  may  be  seen  emerging  from  beneath 

the  Boulder- clay  in  the  interval  between  "Westerfield  and  Bealings stations  on  the  East  Suffolk  railway. 

*  Remarks,  &c.,  pp.  5  &  6, 
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On  the  Caeboniferoxis  Eocks  of  the  Yalley  of  Kashmere.  By 
Capt.  H.  Godwin- Atjsten.  With  Wotes  on  the  Brachiopoda  col- 

lected by  Capt.  Godwin-Austen  in  Thibet  and  Kashmere,  by  T. 
Davidson,  Esq.,  F.R.S.,  F.G.S. 

[Communicated  by  E.  A.  C.  Godwin- Austen,  Esq.,  F.R.S.,  For.  Sec.  G.S.] 

(Eead  partly  on  May  25,  1864,  and  partly  on  June  21,  1865*.) 

The  district  or  Pergunab  of  Yibi  is  situated  on  tbe  rigbt  bank  of 
tbe  Jbelum,  above  Srinagar,  and  is  bounded  on  tbe  N.W.  by  Ze- 

banwan  (8813  feet),  on  tbe  S.E.  by  "Wasterwan. Tbe  rougb  panoramic  sketcb  (fig.  2)  of  tbe  bills  wbicb  surround 
tbis  valley,  as  seen  from  tbe  line  of  tbe  river  looking  east,  indicate 
tbe  positions  of  tbe  several  places  at  wbicb  tbe  following  sections 
were  taken.  Tbe  distance  from  Zewan  to  Resbpur  is  about  8  miles. 
Tbe  level  plain  consists  of  tbe  lacustrine  and  alluvial  deposits  of  tbe 
Kasbmere  valley,  tbrougb  wbicb  tbe  streams  from  tbe  hills  bave 
cut  deep  courses.  The  Jbelum  flows  between  high  banks  of  the 
same  formation. 

Everywhere,  both  in  Kashmere  and  Thibet,  a  Palaeozoic  series 
underlies  the  Mesozoic  formations.  The  age  of  the  Palaeozoic  rocks 
is  that  of  the  Carboniferous  series  of  Europe,  but  as  yet  fossils  have 
not  occurred  to  enable  me  to  distinguish  any  formations  of  older 
date.  As,  however,  Lower  Silurian  fossils  from  the  Khyber  Hills 
were  found  by  Dr.  Falconer  in  the  gravel  of  the  Cabul  Eiver,  as 
also  by  Colonel  Strachey  on  the  Niti  Pass,  the  great  masses  of  slaty 
and  metamorphosed  rocks,  which  in  this  part  of  the  Himalayan  chain 
underlie  the  Carboniferous  beds,  may  be  referred  to  a  Lower  Palae- 

ozoic series. 

The  Carboniferous  formation  may  be  traced  all  along  the  range  of 
mountains  on  the  north  side  of  the  Kashmere  valley,  where,  in  con- 

junction with  Dr.  Yercher,  I  met  with  its  characteristic  fossils  in 
great  abundance. 

Fig.  3  is  a  section  along  a  spur  from  Wasterwan,  between  Barus 
and  Resbpur,  in  a  direction  from  S.  to  N.  At  the  base  are  the 
metamorphosed  hornblende-slates  of  Wasterwan  Peak.  Next  comes 
the  quartz-rock,  followed  by  beds  of  limestone  (fig.  3,  p.  31). 

Beyond  Zewan,  to  the  east,  near  Khoonmoo,  is  an  outlying  or 
projecting  spur  of  limestone(fig.  4)  ;  the  strike  is  S.W.  N.E.,  and  the 

dip.  30°  S.E. 

*  For  the  abstracts  of  these  communications  already  published,  and  for  the 
other  communications  read  at  these  evening-meetings,  see  Quart.  Journ.  Geol; 
Soc.  vol.  XX.  p.  383,  and  vol.  xxi.  p.  492. 
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Fig.  1. — Sketch-map  of  the  District  of  Vihi, 

■>■      ®  I  ^  . 
Wastefwan 

The  dotted  line  at  the  base  of  the  hills  indicates  the  boundary  of  the
  lacustrine 

formation. 
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Fig.  4. — Section  near  Khoonmoo. 

  ^^^^-  --^^^^^^ The  upper  part  of  the  bed  next  above  the  Hornblendic  rocks  and 
is 

feet. 

1.  Fine  compact  rock — calcareous     10 
2.  Light  purple  sandstone,  with  particles  of  hornblende       5 
3.  Hard  dark-blue  slates,  alternating  with       2 
4.  Brown  shales  and  hard  sandstone      15 

5.  Black  limestone  (like  the  marble  pillars  of  the  Shalimar  Summer-house)     4 
6.  Shaly  limestone. 

'No  fossils  were  found  in  any  of  these  beds. Fig.   5  is  a  section  across  an  outlier  of  limestone  at  the  foot 
of  a  ridge  from  Zebanwan  to  the  S.E.     The  strike  here  is  S.W.  N.E., 

dip  30°  8.E. 
Pig.  5. — Section  at  the  foot  of  a  ridge,  from  Zebanwan,  to  the  S.E. 
KW.  S.E. 

^^
  

X 

12  3    4    5  6  7 

Fig.  6. — plan  of  the  ridge  near  Zebanwan. 

3  4         ''       ••■;•>■••■■  .:\s>- 
5  6  .-■-■:::::.:■•    *^ 

7 



GOD  WIN- AUSTEN   KASHMEKE  CARBONIFEROUS  ROCKS.  33 

On  the  hornblendic  slaty  rock,  which  here  everywhere  imderlies 
the  Carboniferous  series,  there  is  in  ascending  order — 

feet. 
1.  White  flinty  quartzite     12 

Passing  up  into 
2.  Altered  sandstone  and  shaly  beds,  very  hard  and  spHntery         15 
3.  A  bed  of  water-worn  pebbles  and  shingle,  of  quartz  and  hornblendic 

rock,  imbedded  in  a  sandy  crumbling  matrix           4 
The  shingle  at  the  bottom  is  much  the  coarsest. 

4.  Sandstone,  also  containing  water-worn  pebbles       2 
5.  Alternations  of  shaly  slate  and  sands   30 
6.  Calcareous  shales     20 

Passing  up  into 
7.  Hard  compact  crystalline  limestone,  of  a  dark -blue  grey,  interstratified 

with  grey  shales,  which  weather  to  a  green  tint. 

Both  the  limestones  and  shales  are  extremely  fossiliferous,  con- 
taining many  Brachiopoda.  I  have  given  this  part  of  the  series 

(Nos.  6  &  7)  the  name  of  the  Zewan  beds,  from  the  village  near. 
The  section  (fig.  7)  near  Barns,  on  the  right  bank  of  the  Jhelnm 

Eiver,  Kashmcre,  under  Wasterwan  Peak,  exhibits  the  following 

strata,  having  a  dip  of  50°  W. 

Pig.  7. — Section  on  the  right  hank  of  the  Jheliim  River,  near  Barus. 
Eoad. 

f^^^^W^ 

1  b    a      5  432  1 

6 
feet. 

1.  Quartzite       20 
2.  Hard  compact  limestone,  Productus  scabriculus,  Ter.  sacculus,  Athyris 

suhtilita       40 
3.  Shaly  limestone,  full  of  Fenestella,  Streptorhynchus  crenistria.    Zewan 

beds       50 
Spirifer  Moosakailensis,  Dav.,  and  Productus  semireticulatus. 

4.  Compact  limestone,  with  few  and  obscure  fossils     100 
5.  Calcareous  slate  or  shale       30 

6.  Micaceous  sandy  calcareous  beds — in  all       60 
6a.  Sjpirifera  Bajah. 
66.  Productus  semireticulatus,  P.  scabriculus  (large  form),  Chonetes 

Icsvis,  C.  Austeniana,  in  great  number. 
30  feet  between.     Beds  5,  fig.  3. 

7.  Hard  compact  grey  limestones.    No  fossils  seen,  about     150 

Section  across  the  Entrance  of  Ravine.^ — Above  the  village  of 
Khoonmoo  there  is  a  very  interesting  section,  as  a  great  thickness  of 
the  Carboniferous  series  is  exhibited.  On  the  left,  and  overlying  the 
Hornblende-slate  series,  are  the  beds  represented  in  Sect.  B,  dipping 
in  the  same  direction  as  all  the  other  beds  at  this  place. 

*  A  large  Chunar  tree  stands  at  the  entrance  into  the  ravine. 
VOL.  XXII.   PART  I.  B 
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Pig.  8. — Plan  of  part  of  the  district  on  the  right  banJc  of  the 
Jhelum  River,  near  Barus. 

Pig.  9. — Section  across  the  entratwe  of  the  Ravine  above  the  Village 
of  Khoonmoo. 

On  the  right  (looking  upwards)  the  lowest  bed  is feet. 

1.  Compact  quartzite        12 
2.  Sandy  calcareous  beds,  with  a  few  shells      10 
3.  Hard  limestone,  with  Orthoceras      ;    10 
4.  Limestone,  with  small  Froductus  scabriculus,  Spirifera  Kashmiriana, 

S.  Vihiana    3 
5.  Grey  limestone    6 
6.  Bed  with  sliells,  &c.,  well  preserved,  Athyris  suhtilita    2 

6a.  Compact  unfossiliferous  limestone  Ijeds    1200 
6i.  Eed  made  up  of  broken  Brachiopods    20 

7.  Limestone  up  to  the  great  fold  of  the  beds,  extending  to  the  ridge 
full  3500  feet  above  the  valley,  and  inckiding  a  bed  containing 
Bryozoa  at  the  horizon  indicated  by  the  figure    1200  ? 

'    The  valley  above  the  Shalimar  Garden  lies  over  on  the  other  side 





[To  face  p.  35. 

CoREiGENDA  to  the  ABSTRACT  of  Capt.  Godwin-Austen's  Paper — 
"  Geological  Notes  on  Part  of  the  North-westeen  Himalayas," 
published  in  Quart.  Journ.  Geol.  Soc.  vol.  xx.  p.  383-387. 

Page  385,  line  29,  erase  the  paragraph  commencing  As  these  lime- 
stones, and  ending  Ladak  and  Little  Thibet. 

The  Nummulitic  series  occurs,  as  has  been  stated  at  the  com- 
mencement of  §  3,  p.  385,  line  27,  on  the  southern  face  of  the  Pir- 

Pinjal  range  and  close  to  the  older  Siwalik  rocks,  but  I  have  nowhere 
seen  it  in  the  Kashmir  valley,  and  I  think  it  very  probable  that  in 
ancient  days  the  Nummulitic  sea  conformed  to  the  base  of  the  pre- 

sent line  of  Himalayahs,  more  or  less,  and  did  not  extend  to  the 
north  at  all.  The  limestone  near  the  WuUer  Lake,  and  at  the  base 

of  the  hills  on  the  northern  side  of  the  Kashmir  valley  is  undoubt- 
edly Carboniferous. 

Page  385,  line  12  from  bottom,  the  paragraph  commencing  On  the 
southern  slopes  up  to  showing  the  palates  very  well,  p.  386,  line  2, 

should  have  come  into  §  2.  The  Siwalik  Series ;  it  not  being  JN^um- mulitic,  but  the  next  formation  in  the  series  above. 

5.  The  Carboniferous  Series,  p.  386,  line  14. — It  is  a  little 
ambiguous,  and  might  lead  the  reader  to  suppose  that  the  genera 
mentioned  occurred  indiscriminately  through  the  whole  mass  of  the 
beds  up  to  that  and  together  with  the  bed  containing  Goniatites. 
These,  I  may  mention,  contained  no  other  shells  that  I  could  find. 

I  see  it  also  stated — "  These  also  occur  in  superposition."  Now  I 
should  say  hardly  ever,  and  never  in  the  Kashmir  valley  itself. 
Further  east,  in  Zauskar,  Spiti,  &c.,  the  Palaeozoic  and  Mesozoic  may 
do,  but  not  in  the  mountains  to  the  south,  south-east,  and  east  of 
the  vaUey. 

In  Mr.  Davidson's  note  on  the  fossils,  p.  387,  line  20,  it  is 
stated : — "From  this  rock,  at  Shigar,  near  Skardo,  Capt.  Godwin- 
Austen  obtained  six  or  seven,  &c."  Now  the  fossils  mentioned  were 
all  found  in  the  Carboniferous  limestones  of  the  Kashmere_,valley  and 

have  no  connexion  with  the  very  imperfect  specimens,  said  to  be  Pa- 
laeozoic, obtained  near  Skardo.  I  am  afraid  the  labels  on  the  fossils 

must  have  come  off,  or  that  by  some  means  they  got  mixed  together. 
The  same  must  have  occurred  to  the  land  and  freshwater  sheUs  sent 

home ;  for  Helix  hispida  was  obtained  in  the  lacustrine  clay  of  the 
Kashmere  valley,  and  not  from  Kuardo  near  Skardo.  Some  of  the 
other  shells  are  from  other  localities,  but  as  I  have  no  duplicates  I 
cannot  remember  whence  they  came. 

H.  Godwin- Austen. 

Deyrah  Dhoon, 
7th  December,  1865. 
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of  the  ridge,  at  the  head  of  the  ravine,  in  which  valley  I  think  that 
the  lowest  beds  will  be  found. 

The  section  given  in  fig.  10  was  taken  on  the  south  side  of  the  Yihi 

valley,  near  the  village  of  Loodoo,  across  a  ravine  beneath  Was- 
terwan  Peak. 

rig.  10. — Section  on  the  south  side  of  the  Vihi  Vcdlei/,  near  tlie 
Village  of  Loodoo. 

Above  the  usual  basement-rocks,  consisting  of  the  Hornblendic 
slate,  of  which  a  considerable  thickness  may  here  be  seen,  are 

feet 
1.  Dark  splintery  slate  and  quartz-rock,  with  badly-defined  lamination     , .  20 
2.  Light  olive-green  splintery  rock,  very  compact,  fracture  cuboidal,  like  2 

in  fig.  5  ;       2 
3.  Beautiful  white  or  light-grey  quartz,  like  flint        1 
4.  Blue  limestone,  with  beds  which  weather  light-green     30 

This  is  bed  3  of  fig.  3 ;    contains  the  same  species  in  great  numbers. 
The  lower  beds  contain,  or  may  be  said  to  be  made  up  of  Fenestellaa. 

5.  Dark-blue  shales. 
These  shales  occur  in  the  opposite  side  of  the  ravine,  and  are  sur- 

mounted by  a  great  mass  of  hard  compact  limestone  (l),  weathering 
to  a  red  tint,  and  containing  Goniatites. 

Note  on  some  Carbonifekous,  Jurassic,  and  Cretaceous  (?)  Brachio- 

poDA,  collected  by  Captain  Godwin-Austen"  in  the  Mustakh  Hills, 
in  Thibet.     By  Thomas  Davidson,  Esq.,  E.E.S.,  P.G.S. 

(Plate  I.) 

§  1.  Carboniferous  Species. 

The  Carboniferous  series  in  Thibet  is  stated  by  Capt.   Godwin- 
Austen  to  consist  of: — (1)  quartzites  ;  (2)  limestones  full  of  fossils 
of  all  kinds  ;  (3)  an  argillaceous  series ;  (4)  compact  limestone  with 
fewer  fossils,  surmounted  by  a  succession  of  beds  full  of  Goniatites. 

The  impure  limestone  (no.  2)  is  of  a  darkish  grey  colour,  and 
appears  in  some  parts  to  be  a  mass  of  organic  remains ;  it  bears  much 
resemblance,  both  in  the  character  of  the  rock  and  in  its  fossils,  to 
deposits  of  a  similar  age  in  Great  Britain.  Prom  this  rock  at 
Shigar,  near  Skardo,  Capt.  Godwin- Austen  has  procured  six  or  seven 
species  of  Brachiopoda,  of  which  four  only  are  determinable,  the 
remaining  two  or  three  being  too  imperfect  to  admit  of  a  satisfactory 
determination. 

1.  Terebratula  Austeniana,  spec.  nov.     PI.  I.  fig.  1. 

Shell  almost  circular,  nearly  equally  and  moderately  convex  ;  sur- 
*  Sect.  C. 

d2 
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face  smooth.  Beak  moderately  produced,  and  truncated  by  a  small 
foraminal  aperture  ;  marginal  line  slightly  curved  in  front,  but  not 
affecting  the  regular  convexity  of  the  dorsal  valve,  while  it  produces 
a  small  depression  or  sinus  near  the  front  of  the  ventral.  Only  one 
specimen  of  this  shell  was  found  by  Capt.  Godwin- Austen  in  Thibet ; 
it  measures  1  inch  in  length  and  breadth,  by  ̂   inch  in  depth. 

2.  Spieieee,  sp.     PI.  I.  fig.  4. 

Of  this  Spirifer,  two  fragments  of  the  dorsal  valve  have  been  col- 
lected ;  when  perfect  it  was  semicircular,  moderately  convex,  with  a 

smooth  wide  slightly  raised  mesial  fold,  each  valve  being  orna- 
mented by  some  twenty-eight  or  thirty  flattened  ribs.  The  ventral 

valve  being  unknown,  it  would  be  unsafe  to  venture  upon  a  specific  de- 
termination, especially  as  several  Devonian  and  Carboniferous  species 

present  characters  very  similar  to  those  displayed  by  the  fragment 
under  description. 

3.  B,HT]srcHoifELLA   PLEUEODON,   var.   Daveetjxian^a,    De    Koninck. 
PI.  I.  figs.  2  &  3. 

Several  specimens  agreeing  with  British  and  Belgian  examples 

of  R.  Davreuociana,  De  Koninck,  have  been  found  by  Capt.  Godwin - 

Austen  (see  Davidson,  ̂   Mon.  British  Carb.  Brachiopoda,'  pi.  23. 
figs.  19-21). 

4.  Oethis,  sp.     PI.  I.  fig.  5. 

Two  fragments  of  one  valve  only  were  collected  by  Capt.  Godwin- 
Austen.  In  shape  this  valve  is  semicircular,  with  rounded  cardinal 

angles,  1  inch  in  length,  by  1  inch  2  lines  in  breadth.  It  is  mode- 
rately convex  and  ornamented  bynumerous  fine  radiating  stria3,  which 

increase  in  number  by  the  interpolation  of  ribs  at  various  distances 
from  the  beak.  The  surface  is  likewise  crossed  by  numerous  con- 

centric lines.  These  fragments  are  not,  however,  sufiiciently  com- 
plete to  warrant  a  specific  determination. 

5.  Peoductus  semieeticulattjs,  Martin.     PI.  I.  fig.  6. 

Specimens  of  this  characteristic  Carboniferous  shell  do  not  appear 
rare  in  the  Thibet  limestone. 

6.  Chonetes  Haedeensis,  var.  Thibetensis.     PL  I.  fig.  7. 

This  smaU  species  occurs  by  millions  in  the  Carboniferous  lime- 
stone and  shale  of  Thibet,  where  it  does  not  appear  to  have 

much  exceeded  4|  hues  in  length  and  7  in  width.  Prof.  De  Ko- 
ninck agrees  with  me  in  considering  it  to  be  a  variety  of  G. 

Hardrensis.  The  shell  is  semicircular,  concavo-convex,  with  a 
straight  hinge -line,  each  valve  being  provided  with  a  narrow  sub- 
parallel  area.  The  surface  of  each  valve  is  ornamented  with  from 
thirty-five  to  fifty  rounded  ribs,  of  which  a  small  proportion  are 
due  to  interpolation.  The  surface  is  also  traversed  by  fine  con- 

tiguous striae.  As  I  have  elsewhere  observed,  G.  Hardrensis  is  a 

very  variable  species,  and  this  has,  no  doubt,  induced  palaeontolo- 
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gists  to  consider  some  of  its  local  variations  in  shape  as  distinct 
species.  The  striae  vary  much  in  number  and  strength ;  in  some 
British  examples  they  are  exceedingly  numerous  and  fine,  while  in 
other  specimens  they  are  much  less  numerous  and  coarser,  the  shell 
differing  in  size  much  according  to  age  and  locality.  G.  variolata, 

D'Orb.,  is,  I  believe,  only  a  different  name  for  the  same  shell. 

§  2.  JuEASsic  Species. 

According  to  Capt.  Godwin- Austen,  rocks  of  the  Jurassic  period 
are  largely  developed  at  Kato,  in  Ladak,  in  the  Sum  Country  of 
Thibet.  In  a  Kmestone  rock  of  a  yellowish  colour,  which  Capt. 
Godwin- Austen  refers  to  the  Oxfordian  period,  the  two  following 
species  of  Brachiopoda  have  been  met  with. 

1.  Terebratijla  Thibetensis,  spec.  nov.     PL  I.  figs.  11-14. 
Shell  longer  than  wide,  sometimes  oval  and  rounded  in  front, 

but  more  often  truncated  or  indented  at  the  front,  and  even  bipli- 
cated.  Yentral  valve  regularly  convex  and  rather  deeper  than  the 
opposite  one ;  beak  incurved  and  truncated  by  a  circular  foramen ; 
dorsal  valve  evenly  convex  or  biplicated  near  the  front.  Dimen- 

sions variable.  Length  1  inch  8  lines,  width  1  inch  1  line,  depth 
11  lines. 

This  species  is  extremely  variable  in  its  external  shape,  so  much 
so,  indeed,  that  were  I  not  provided  with  thirty-five  or  thirty-six 
examples,  showing  every  intermediate  form,  I  should  hardly  ven- 

ture to  consider  them  all  as  variations  in  shape  of  a  single  species. 
Some  examples  are  of  an  elongated  oval  form  (fig.  12),  such  speci- 

m'ens  being  nearly  uniformly  convex  with  hardly  any  apparent  bipH- cation  in  the  dorsal  valve,  under  which  aspect  it  resembles  some 
examples  of  T.  punctata,  and  other  closely  related  forms.  Other 
specimens  have  a  straight  or  slightly  indented  hinge-line,  vrith  a 
greater  or  less  tendency  to  biplication,  as  in  fig.  11,  under  which 
condition  they  approach  in  shape  some  examples  of  Mr.  E.  E.  Des- 

longchamps's  T.  dorsoplicata  and  even  T.  perovalis,  while  others, 
again,  are  decidedly  biplicated,  as  in  figs.  13  and  14,  and  are  not 
unlike  some  Cretaceous  specimens  of  T.  hijplicata  and  the  Jurassic 
T.  indentata. 

The  same  kind  of  variation  in  form,  with  almost  similar  shapes, 
has  been  shown  to  occur  in  T.  biplicata  and  in  T.  dorsoplicata,  &c. ; 
and,  indeed,  so  similar  and  perplexing  are  the  resemblances  of  the 
shell  under  description  to  several  congeneric  forms  already  described, 
that  it  is  with  much  uncertainty  that  1  have  ventured  to  apply  to 
the  Thibet  shell  a  distinct  specific  denomination. 

2.  KHTKCHoisrELLA  Katonensis,  spcc.  uov.     PL  I.  figs.  15  &  16. 

Shell  variable  in  shape,  almost  circular  and  globular,  nearly  as 
wide  as  long.  Yalves  about  equally  convex  and  deep,  ornamented 
with  from  thirteen  to  fourteen  angular  ribs,  of  which  from  three  to 
six  occupy  a  slightly  elevated  fold  in  the  dorsal  valve,  and  sinus  in 
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the  ventral ;  beak  incurved,  of  moderate  projection.     Proportions 
variable.     About  13  lints  in  length  and  breath,  by  10  in  depth. 

Of  this  shell  two  varieties  ajDpear  to  occur  at  Kato,  which  may 
be  distinguished  by  the  number  and  projection  of  their  ribs. 

§  3.  Cretaceous  (?)  Species. 

A  compact  light  grey  limestone  near  Lacholung  La,  north  side, 
in  the  Sum  Country  in  Thibet,  contains  in  abundance  two  species 
of  Brachiopoda.  The  exact  age  of  this  rock  does  not  appear  to  have 
been  hitherto  satisfactorily  determined ;  but  as  these  two  Brachio- 
pods  have  a  very  Cretaceous  aspect,  and  as  Capt.  Godwin- Austen 
informs  me  that  a  rock  at  a  place  called  Kalatys  in  the  Upper  Indus, 
not  above  fifty  miles  from  where  the  Jurassic  fossils  were  found, 
contains  Hippurites,  it  may  not  perhaps  be  impossible  that  the  light 
compact  limestone  in  question  may  belong  to  the  Cretaceous  period. 
This  point,  however,  cannot  well  be  determined  from  the  examina- 

tion of  the  two  species  of  Brachiopoda  therein  found,  as  some- 
what similarly  shaped  shells  do  also  occur  in  rocks  of  the  Jurassic 

period. 

1.  Waldheimia  Blanfoebi,  spec.  nov.     PL  I.  fig.  8. 

Shell  obscurely  pentagonal,  straight  or  slightly  indented  in  front. 
Yalves  gently  convex  and  smooth,  no  mesial  fold  in  the  dorsal 
valve,  but  a  gentle  depression  or  sinus  occurs  near  the  front  of  the 
ventral ;  beak  small,  truncated  by  a  foraminal  aperture.  Length 
8|,  width  8,  depth  4  lines. 

2.  Rhyis^chonella,  sp.     PL  I.  figs.  9  &10. 
Shell  transversely  oval,  wider  than  long.  Yalves  equally  deep 

and  convex  ;  when  well-shaped  there  exists  in  the  dorsal  valve  a  wide 
very  shghtly  elevated  mesial  fold,  a  sinus  being  present  in  the  opposite 
one.  The  surface  of  each  of  the  valves  is  ornamented  with  about 

twenty-four  angular  ribs,  of  which  five  or  eight  occupy  the  fold  and 
sinus.  These  last  are,  however,  very  often  shifted  more  to  the  one 
or  to  the  other  side,  giving  the  shell  an  unsymmetrical  appearance. 
Beak  angular ;  foramen  small,  contiguous  to  the  umbone.  Propor- 

tions variable.     Length  10,  width  12,  depth  5  lines. 
This  irregularity  in  the  position  of  the  fold  and  sinus  may  be 

occasionally  noticed  in  many  species  of  the  genus  Bliynclionella,  but 
is  particularly  prevalent  in  certain  Jurassic  forms^  such  as  11.  in- 
constans,  B.  sulcata,  U.  dimidiata,  &c.  ;  indeed  so  closely  do  some 
of  the  specimens  under  description  approximate  in  shape  to  some 

specimens  of  Parkinson's  M.  sidcata,  and  to  another  species  to  which 
Sowerby  had  given  the  name  of  B.  dimidiata,  that  I  would  not  ven- 

ture for  the  present  to  indentify  the  Thibet  fossil  by  any  definite 
specific  denomination. 
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EXPLANATION  OF  PLATE  I. 

Illustrative  of  Carhomferous,  Jurassic,  and  Cretaceous  (?)  Brachiopoda 
from  Thibet. 

(The  figures  are  all  of  the  natural  size.) 

Carboniferous  Species,  from  Shigar,  near  Skakdo. 

Fig.  L  Terehratula  Austeniana,  spec.  nov. 
2  &  3.  JRhpichonella  ]?leurodon,  var.  Davreiixiana^  De  Koninck. 
4.  Spirifer,  sp. 
5.  Orthis,  sp. 
6.  Productus  semireticulattis,  Martin. 
7.    Hardreoisis,  var.  Thibetensis. 

Cretaceous  (?)  Species,  from  near  Laciiolung  La,  in  the  Sl'ru. 
8.  iValdhermia  Blanfordi,  spec.  nov. 
9  &  10.  Bhynchonclla,  sp. 

Jurassic  Species,  from  Kato,  Ladak,  in  the  Suru. 

11-14.   Tcrebratula  Thibetensis,  spec.  nov. 
15  &  16.  BhynchoneUa  Katonensis,  spec.  nov. 

Notes  on  the  CAEBONiFEEors  Brachiopoda  collected  hy  Captain 

Godwin- Austen  in  the  Valley  of  KashmepvE.  By  T.  Davidson, 
Esq.,  F.E.S.,  F.G.S.,  &c. 

(Plate  II.) 

In  1864  I  was  requested  by  Mr.  Godwin-Austen  to  examine  a 
series  of  Carboniferous  Brachiopoda  which  his  son  had  obtained  from 
limestone  and  shales  near  Shigar  and  Skardo,  in  Thibet  (see  p.  35),  and 

which  I  found  to  consist  of  the  following  species : — 
1.  Terehratula  Austeniana,  n.  sp.  I  4.  Orthis,  sp.  (approaching  in  form  to 
2.  Spirifer?     Not  sufficiently  complete  |  0.  Micheleni). 

to  be  satisfactorily  determined.        I  5.  Produ.ctus  semireticulatus. 
3.  Ehynchonella  pleurodon,  var.  Da-    6.  Chonetes  Hardrensis,  var. 
vreuxiana.  | 

The  species  were  few  in  number,  but  bear  great  resemblance  to 
those  found  in  rocks  of  a  similar  age  in  Europe  and  America,  and 
there  is  every  reason  to  believe  that  when  the  Carboniferous  series 
of  Thibet  shall  have  been  further  searched  that  a  larger  number 
of  species  will  be  discovered. 

This  year  I  have  again  had  under  examination  a  much  larger 

series  of  Brachiopoda  which  Captain  Godwin- Austen  had  procured 
from  the  Carboniferous  limestone  and  shales  which  form  the  hills 

around  Yihi,  in  the  Yalley  of  Kashmere.  The  Brachiopoda  abound 
in  a  bed  of  limestone  near  the  entrance  of  the  ravine  above  the  village 
of  Khoonmoo ;  but  the  lowest  portion,  or  Zewan  bed,  is  stated  by 

Captain  Godwin- Austen  to  contain  the  larger  number  of  Brachiopoda  ; 
and  a  higher  stage,  still  near  the  base  of  the  formation,  is  said  to 
contain  abundant  remains  oiProductiis.  Barus  may  likewise  be  named 
as  one  of  the  most  fossiliferous  localities.  These  Brachiopoda  are, 

however,  but  rarely  in  a  good  state  of  preservation,  and  most  of  the  spe- 
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cimens  occur  only  in  the  condition  of  more  or  less  mutilated  and  worn 
fragments.  Here  again  we  find  many  of  our  common  and  widely 
spread  European  and  American  species,  along  with  a  few  that  had 

not  yet  been  noticed  from  other  parts  of  the  world,  and  which  indi- 
cate that  the  Carboniferous  rocks  of  Thibet,  Kashmere,  and  the 

Punjab  belong  to  one  great  formation. 

1.  Tekebrattjla  sacculus,  Martin,  sp.  ?     PI.  II.  fig  1. 

Anomites  sacculus,  Martin,  Petref.  Derb.,  tab.  xlvi.  fig.  1. 

Two  ventral  valves  of  a  shell  having  much  the  appearance  of  some  of 
our  British  examples  of  T.  sacculus  occur  in  a  grey- coloured  limestone 
from  Barus. 

2.  Athteis  subtilita,  Hall,  var.     PL  II.  fig.  2. 

Terehratula  suhtilita,  Hall,  in  Howard  Stansbury's  Exploration  of 
the  Yalley  of  the  Great  Salt  Lake  of  Utah,  p.  409,  pi.  2.  figs. 
1  &  2. 

This  appears  to  be  a  common  shell  in  a  grey  limestone  at  Khoonmoo, 
but  has  also  been  found  at  Barus,  and  is  very  abundant  in  the  Punjab. 

3.  Spirifeea  Eajah,  Salter.     PL  II.  fig.  3. 

Spirifera  Rajah,  Salter,  Pateontology  of  Kiti  in  the  Northern 
Himalaya,  pp.  59  &  111.     Calcutta,  1865. 

Shell  marginally  longitudinally  oval ;  hinge-hne  slightly  shorter 
than  the  greater  width  of  the  shell.  Ventral  valve  convex,  with  a 
narrow  sinus  or  groove  extending  from  the  extremity  of  the  beak  to  the 
front,  and  along  the  centre  of  which  there  exists  a  narrow  thread-like 
rib.  The  surface  of  this  valve  is  ornamented  with  from  sixteen  to 

twenty  rounded  ribs,  of  which  the  two  central  ones  are  the  largest 
as  well  as  the  most  prominent,  each  rib  being  again  furrowed  by 
three,  four,  or  five  smaller  ones,  while  the  whole  surface  is  also  finely 

longitudinally  striated.  Beak  prominent  and  incurved  ;  area  of  mode- 
rate width  and  divided  in  the  middle  by  a  triangular  fissure.  Dor- 

sal valve  convex,  but  less  deep  than  the  ventral.  The  mesial  fold 
is  well  defined  and  composed  of  a  single  rib  at  its  origin,  and 
continues  so  to  some  distance,  when  a  smaller  lateral  rib  is  produced 
on  either  side,  and  extends  to  the  front;  the  remaining  portion 
of  the  valve  is  covered  with  a  similar  succession  of  smaller  rounded 

ribs,  simple  at  their  origin,  but  soon  producing  a  small  one  on  each 
of  its  lateral  portions,  the  whole  surface  being  also  marked  with  fine 
longitudinal  strise,  as  well  as  by  numerous  fine  concentric  lines  of 
growth.  The  largest  specimen  I  have  seen,  if  complete,  would  mea- 

sure in  length  23,  in  width  22  lines. 
Of  this  beautifully  sculptured  Spirifer  a  great  many  imperfect  speci- 

mens were  found  by  Captain  Godwin- Austen  at  Barus,  in  beds  of  the 

Carboniferous  age.  At  p.  59  of  Colonel  B.  Strachey's  '  Palaeontology 
of  Niti/  this  species  is  described  and  figured  by  Mr.  Salter,  who  ob- 

serves that  "  the  peculiar  square  shape,  not  very  convex  valves,  acute 
ribs,  are  all  characters  in  which  Spirifera  Rajah  approaches  very  near 
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the  Spirifera  Keilhavii.  But  the  fasciculate  secondary  ribs  are 

stronger,  while  the  costse  themselves  are  less  deep."  At  page  59  of 
the  work  above  named  this  shell  is  stated  to  have  been  derived ''  from 

the  Trias  beds  of  Spiti  Pass  " ;  but  at  page  111  of  the  same  work 
Mr.  H.  P.  Blanford  observes  that  the  Spirifera  Rajah  (of  Salter) 
does  not  occur  in  the  same  bed  with  Triassic  Ammonites,  but  in  beds 

decidedly  below  them — beds  which  other  evidence  combines  to  show 
must  be  referred  to  the  same  general  relative  age  (in  the  sense  of 
homotaxis)  as  the  Carboniferous  of  Europe.  This  last  view  would  be 

confirmed  by  Captain  Godwin-Austen's  observations  in  Kashmere, 
where  the  species  is  Carboniferous. 

4.  Spieifeka  YiHiAisrA,  spec.  nov.     PI.  II.  fig.  4. 

Shell  longitudinally  oval,  longer  than  wide ;  hinge-line  rather 
shorter  than  the  greatest  width  of  the  sheU.  Both  valves  are  convex, 
the  ventral  being  the  deeper;  and  each  is  ornamented  with  from 
eighteen  to  twenty  simple  ribs.  In  the  dorsal  valve  the  mesial  fold 
is  divided  by  a  longitudinal  groove,  while  in  the  middle  of  the  sinus 
of  the  ventral  there  exists  a  small  median  rib.  Beak  incurved ; 
area  of  moderate  dimensions.  One  specimen  measured  15  lines  in 
width  by  about  14  in  length. 

Three  valves  of  this  Spirifer  were  found  embedded  in  a  single  spe- 
cimen of  limestone  from  Barus,  in  the  Valley  of  Kashmere.  It  is 

distinguishable  from  8.  pinguis  by  its  constant  well-marked  median 
rib  in  the  sinus  of  the  ventral  valve. 

5.  Spieifeea  Kashmeeiensis,  spec.  nov.     PI.  II.  fig.  5. 

Shell  transversely  fusiform ;  hinge-line  long  and  straight,  the 
lateral  margins  becoming  gradually  attenuated.  Ventral  valve  orna- 

mented with  about  twenty  simple  ribs  ;  the  sinus  deep  and  divided 
along  the  middle  by  a  small  median  slightly  projecting  rib,  which, 
commencing  at  a  short  distance  from  the  beak,  extends  to  the  front. 
Length  7,  width  18  lines. 

Of  this  Spirifer  I  have  seen  two  or  three  ventral  valves  only,  one  of 
them  occurred  in  the  same  block  of  limestone  along  with  S.  Vihiana 
obtained  from  the  neighbourhood  of  Barus,  the  other  specimens  were 
labelled  Khoonmoo.  It  may  be  distinguished  from  the  preceding 
species  by  its  very  transverse  spindle  shape,  and  it  is  not  very  unlike 
in  form  some  examples  of  S.  macropterus,  Goldf.,  but  may  be  distin- 

guished by  the  presence  of  the  small  median  rib  in  the  sinus. 

6.  SpIEIFEEA  MoOSAKHAILEIfSTS,  Dav.      PL  II.  fig,  6. 

Spirifera  MoosaTchailensis,  Dav.  Quart.  Journ.  Geol.  Soc.  vol.  xviii. 
p.  28,  pi.  2.  fig.  2. 

Two  or  three  specimens,  agreeing  in  character  with  those  I  have 
already  described  from  the  Carboniferous  limestone  of  Moosakhail  and 
Kafir  Kote,  in  the  Punjab,  were  found  at  Barus.  Prof.  E.  Beyrich 
informs  us  also  that  this  shell  was  found  in  the  Carboniferous  lime- 

stone of  the  Island  of  Timor. 
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7.  SpirifePvA  Barusien^sis,  spec.  nov.     PI.  II.  fig.  7. 
Shell  siibrhomboidal ;  hinge-line  straight  and  as  long  as  the  width 

of  the  shell ;  cardinal  extremities  angular  and  projecting ;  sinus  wide. 
Surface  ornamented  wdth  about  fifteen  ribs,  those  in  the  sinus  being 
much  smaller  than  those  on  the  lateral  portions  of  the  valve.  Length 
2|,  width  5  lines. 

Of  this  small  Spirifer  a  single  ventral  valve  was  found  in  the 
Carboniferous  shales  or  Zewan  beds  of  the  Yalley  of  Kashmere.  It  is 
quite  different  in  shape  and  character  from  the  other  three  species,  and 
remarkable  on  account  of  the  great  comparative  wddth  of  its  sinus. 
The  description  of  this  shell  and  that  of  S.  KasJimeriensis  are  neces- 

sarily very  incomplete,  since  our  material  consists  of  ventral  valves 
only. 

8.  Ehtstchonella  Baeumexsis,  spec.  nov.     PI.  II.  fig.  8. 

Shell  elongated,  subtrigonal ;  dorsal  valve  convex,  the  mesial  fold 
being  very  wide  and  composed  of  three  ribs,  of  which  the  central 
is  the  most  elevated ;  three  smaller  ribs  occupy  each  of  the  lateral 
portions  of  the  valve.  Yentral  valve  rather  deeper  than  the  opposite 
one,  the  wide  sinus  having  two  ribs,  while  three  or  four  sm.aller  ones 

occupy  each  of  the  lateral  portions  of  the  valve.  Beak  much  pro- 
duced and  incurved  at  its  angular  extremity.  The  lateral  portions 

of  the  ventral  valve  at  and  near  the  beak  are  much  depressed  and 
form  a  convex  curve,  wdiich  indents  to  a  considerable  extent  the 
corresponding  portion  of  the  dorsal. 

Of  this  species  two  longitudinal  halves  only  were  found  in  the 
Zewan  beds.  Valley  of  Kashmere  ;  but  they  were  sufficiently  perfect 
to  enable  me  to  accurately  restore  the  w^anting  portions.  The  largest 
example  measured,  when  perfect,  9  lines  in  length,  by  7  in  width,  and 
4  in  depth.  It  bears  a  certain  resemblance  to  some  examples  oillhyn- 
clionella  angulata,  Linn.,  with  which,  however,  it  cannot  with  cer- 

tainty be  identified. 

9.  Rhynchonella  Kasmeeie]N"sis,  spec.  nov.     PL  II.  fig.  9. 
Shell  oblato-deltoidal,  wider  than  long.  Ventral  valve  convex, 

with  a  wide  deep  sinus  possessing  four  or  five  rounded  ribs  of  unecjual 
width,  namely,  a  small  central  one  intervening  between  two  larger 
ones.  Three  or  four  ribs  occupy  also  each  of  the  lateral  portions  of 
the  valve.  Beak  small,  incurved.  Dorsal  valve  convex,  smooth  at  the 
umbone  ;  mesial  fold  wide,  evenly  convex,  and  ornamented  with  four 
ribs,  three  others  occupying  each  of  the  lateral  portions  of  the  valve 
in  the  contiguity  of  the  margin. 

Of  this  shell  a  single  specimen  was  found  in  the  Zewan  beds.  Valley 

of  Kashmere ;  in  form  it  approaches  some  examples  of  B.  j^'^gnus^ 
but  differs  by  the  shape  of  the  ribs  in  the  sinus.  The  study  of  more 
specimens  would  be  desirable. 

10.  Streptorhynchtjs  crenisteia,  PhiUips.     PL  II.  fig.  10. 

Spirifera  crenistria,  PhiUips,   Geol.  of  Yorkshire,  vol.  ii.  pi.  ix. 
fig.  6. 
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Several  examples  agreeing  with  those  found  in  Europe  have  heen 
obtained  at  Barns  and  in  the  Zewan  beds,  in  the  valley  of  Kashmere, 
The  species  occurs  also  in  the  Punjab. 

11.  Steeptokhynchus,  ?  sp.     PI.  II.  fig.  11. 

One  imperfect  valve  appears  referable  to  another  species  of  this 
subgenus,  but  the  specimen  was  not  sufficiently  complete  to  admit  of 
its  specific  distinctions  or  characters  being  satisfactorily  determined. 
The  valve  is  about  5  lines  in  length  by  7  in  width,  moderately  convex, 
and  ornamented  with  about  eight  rounded  ribs,  three  or  four  smaller 
longitudinal  ones  occupying  the  wide  interspace  left  between  the  larger. 
Erom  the  Zewan  beds,  in  the  Valley  of  Kashmere. 

12.  Pkoditcttjs  semieeticulatus,  ]\Iartin,  sp.     PI.  II.  fig.  12. 

Anomites  semireticidatus,  Martin,  Petrif.  Derb.  pi.  xxxii.  figs.l  &  2, 
and  pi.  xxxiii.  fig.  4. 

A  large  variety  of  this  well-known  and  far  spread  species  is 
exceedingly  abundant  at  Barus,  and  is  indeed  (along  with  Spirifera 
Austeniana  and  AtJiyris  subtllitci)  the  Brachiopod  most  commonly 
found,  but  unfortunately  apparently  always  in  a  very  bad  or  indifferent 
state  of  preservation ;  it  occurs  also  near  Loodoo  west  of  Wasterwan 
A  smaller  variety  has  been  found  in  the  Punjab  and  also  in  Thibet. 

13.  Peoductus  coea,  D'Orbigny. 

Productus  cor  a,  D'Orbigny,  Paleontologie  du  Voyage  dans  I'Ame- 
rique  Meridionale,  pi.  v.  figs.  8,  9,  &  10. 

Three  or  four  specimens  referable  to  this  species  have  been  found 
at  Barus ;  it  occurs  also  in  the  Punjab,  and  is  very  common  in 
Europe. 

14.  Peoductus  scabeiculus,  Martin.     PL  11.  fig.  13. 

Anomites  scabriculus,  Martin,  Petrif.  Derb.  p.  8,  pi.  xxxi.  fig.  5. 

Of  this  well-known  species  some  examples  were  found  at  Barus 
and  Khoonmoo. 

15.  Peoductus  Humdoldtii,  D'Orb.     PI.  II.  fig.  14. 

Productus  Humloldtii,  D'Orb.  Paleont.  du  Voy.  dans  I'Ameriquc 
Meridionale,  pi.  5,  figs.  4-7. 

Two  fragments  referable  to  this  species  were  found  at  Khoonmoo, 
and  in  the  Zewan  beds.  Valley  of  Kashmere ;  it  is  also  common  in 
the  Punjab. 

16.  Peoductus  longispinus.  Sow.  ? 

Productus  longisjpinus,  Sow.  Min.  Conch,  vol.  i.  p°  154,  pi.  Ixviii. 
fig.  1. 

Of  this  species  an  imperfect  example  was  obtained  from  the  grey 
limestone  at  Khoonmoo.  It  is  exactly  like  some  specimens  found  in 
the  Punjab. 
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17.  PsoDucTus  STEiATus,  Fisclier  ? 

Mytilus  striatus,  Fischer,  Oryct.du  GouY.cIe  Moscow,  p.  181,  pl.xix. 

fig.  4.     - 
A  fragment,  having  much  the  appearance  of  having  belonged  to 

this  well-known  species,  was  found  at  Barus,  in  the  Yalley  of  Kash- 
mere,  but  the  specimen  was  not  sufficiently  complete  to  warrant  a 
certain  identification.     The  shell  is  not  rare  in  the  Punjab. 
18.  Peodiictus  spinulostjs  ?,  Sow.     PL  II.  fig.  15. 

Two  specimens,  bearing  much  resemblance  to  some  of  our  European 
examples,  were  obtained  from  the  grey  limestone  of  Khoonmoo.  The 
shell  is  small,  transversely  semicircular ;  the  ventral  valve  regularly 
convex,  without  sinus ;  surface  covered  with  numerous  subregular 
small  tubercles,  somewhat  quincuncially  arranged  (each  tubercle 
having  given  rise  in  the  perfect  shell  to  a  slender  spine)  ;  the  con- 

centric wrinkles  are  also  slightly  marked,  and  on  one  specimen 
somewhat  as  we  find  to  be  the  case  in  P.  Keyserlingiana,  or  even  P. 
Deshayesiana,  De  Koninck,  to  which  these  Kashmere  shells  bear 
some  resemblance. 

19.  PnontrcTus  l^vis,  spec.  nov.     PI.  II.  fig.  16. 

Shell  small,  nearly  circular ;  hinge-line  slightly  shorter  than  the 
greatest  width  of  the  shell ;  ventral  valve  evenly  convex ;  ears  small ; 
surface  smooth  ?  Length  3  hues,  the  width  slightly  exceeding  that 
of  the  length. 

Of  this  small  species  a  single  ventral  valve  has  been  discovered, 
but  it  was  so  distinct,  both  by  its  shape  and  surface,  from  other  known 

species  of  the  genus  that  I  have  ventured  to  apply  to  it  a  distinc- 
tive designation.  It  occurs  in  a  coarse  limestone  in  the  Zewan  beds, 

Yalley  of  Kashmere,  but  less  compact  and  of  a  lighter  grey  than  the 
bed  from  which  most  of  the  species  found  at  Khoonmoo  were 
obtained. 

20.  Peoductus,  sp.  ? 

A  fragment  of  internal  cast  indicates  the  presence  of  another  species, 
but  not  specifically  determinable  from  the  material  in  our  possession. 
Barus. 

21.  Chonetes  l^vis,  spec.  nov.     PI.  II.  fig.  17. 

Shell  marginally  semicircular,  concavo-convex ;  hinge-line  straight, 
about  as  wide  as  the  mdth  of  the  shell ;  each  valve  is  provided  with 
a  subparallel  area,  which  is  widest  in  the  ventral  valve ;  ventral 
valve  moderately  convex,  flattened  towards  the  ears ;  surface  smooth  ? 
Length  4,  width  6  lines.  Of  this  CJionetes  two  or  three  more  or  less 
complete  specimens  occur  on  a  fragment  of  limestone  from  Barus,  in 
the  Yalley  of  Kashmere. 

22.  Chonetes  ?  AusTENiANA,  spec.  nov.     PL  II.  fig.  18. 

Shell  marginally  transversely  semicircular ;  hinge-line  straight,  as 
wide  as  the  shell ;  ventral  valve  moderately  convex,  with  a  narrow 
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median  concave  groove  commencing  at  the  extremity  of  the  beak  and 
extending  to  the  front ;  four  obscure  rounded  ribs  of  very  small  ele- 

vation may  be  traced  on  the  lateral  portions  of  the  valve  in  contiguity 
as  to  the  central  groove.  I  have  seen  but  a  single  incomplete  spe- 

cimen of  this  species,  which  occurs  in  the  same  coarse  light-grey 
limestone  which  contains  Productus  Icevis.  From  the  Zewan  beds, 
Yalley  of  Kashmere. 

23.  DisciNA  Kashiieriensis,  spec.  nov.     PL  II.  fig.  19. 

Shell  marginally  ovate  or  longitudinally  oval,  the  posterior  portion 
being  narrower  than  the  anterior.  The  imperforate  valve  is  con- 

vex, and  most  elevated  towards  the  middle,  the  rounded  apex 
sometimes  projecting  beyond  the  level  of  the  posterior  margin. 
Surface  smooth.     Length  13,  width  11  Knes. 

Of  this  curious  species  two  specimens  were  found  at  Khoonmoo,  in 
the  YaUey  of  Kashmere. 

EXPLANATION  OF  PLATE  II. 

Illustrative  of  Carboniferous  Brachiopoda  from  Kashmere. 

(The  figures  are  all  of  the  natural  size.) 

Fig.  1.  Terehraiula  saccidus,  Martin.     Barus. 
2.  Athyris  subtilita,  Hall,  var.    Earus  and  Khoonmoo. 
3.  Spirifera  Eajah,  Salter  (partly  restored).    Barus. 
4.    Vihiana,  spec.  nov.    Barus. 
5.    Kashmeriensis,  spec.  nov.     Barus  and  Khoonmoo. 
6.   Moosakhailensis,  Dav.     Barus. 
7.    Bancsiensis,  spec.  nov.     Zewan  beds. 
8.  Bhynchonella  Barumensis,  spec.  nov.     Zewan  beds. 
9.    Kashmeriensis,  spec.  nov.     Zewan  beds. 
10.  Strejptorhynchus  crenistria,  Phillips.     Barus  and  Zewan  beds. 
11.    ,  sp.     Zewan  Beds. 
12.  Producttcs  semireticulatus,  Martin.     Barus, 
13.    scahriculus,  Martin.     Barus  and  Khoonmoo. 
14.  ■   Humholdtii,  D'Orb.     Khoonmoo  and  Zewan  beds. 
15.    spinulosus?,  8ow.     Klioonmoo. 
16.    lavis,  spec.  nov.     Zewan  beds. 
17.  Chonetes  Icsvis,  spec.  nov.     Barus. 
18.    ?  Austeniana,  spec.  nov.     Zewan  beds. 
19.  Biscina  Kashmeriensis,  spec.  nov.    Khoonmoo. 
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the  Erosions  of  the  Earth's  Surface,  148. 
C.  Hartwell  and  E.  Hitchcock,  jun. — Description  of  certain  Mineral 

Localities  in  Massachusetts,  159. 
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G.Greenwood. — "  Lyell  on  the  Weald ;  Drewon  Eomnej  Marsh,"  184. 
Discovery  by  the  Rev.  W.  Fox  of  a  new  Saurian  in  the  Weald  near 

Brooke,  Isle  of  Wight,  186. 

A.  Geikie's  '  The  Scenery  of  Scotland  viewed  in  connexion  with  its 
Physical  Geography/  noticed,  207. 

R.  G.  M.  Browne's  '■  Astronomical  Geology :  a  treatise  respecting  the 
Causes  to  which  the  structural  and  superficial  Configuration  of  the 

Earth's  Crust  is  attributed,'  noticed,  250. 
Mineral  Statistics  of  the  United  Kingdom  for  1804,  251. 

H.  Lecoq's  '  Mineral  Waters  regarded  in  relation  to  Chemistry  and 
Geology,'  noticed,  281. 

Meeting  of  the  British  Association,  338,  372,  403,  438. 
The  Stone  Age,  402. 

Berlin.   Zeitschrift  der  deutschen  geologischen  Gesellschaft.    Yol.  vii. 
Heft  1.     November  and  December  1864,  and  January  1865. 

C.  Rammelsberg. — A.  Scacchi,  iiber  die  Polysymmetrie  der  Krystalle, 
35  (plate). 

  .  Bemerkungen  zu  Scacchi's  Abhandlung  liber  die  Polysym- 
metrie und  zu  der  von  Des  Cloizeaux  iiber  die  Pseudodimorphie,  56. 

G.  Tschermak. — Bemerkungen  zu  dem  Aufsatze  des  Herrn  G.  Rose : 
'  Ueber  die  in  den  Thonschiefern  vorkommenden,  mit  Faserquarz 
bedeckten  Eisenkieshexaeder,  68. 

H.  von  Dechen. — ^Yergleichende  Uebersicht  der  vulkanischen  Erschei- 
nungen  im  Laacher  See-Gebiete  und  in  der  Eifel,  69. 

H.  Credner. — Die  Zone  der  Opis  similis,  Phill.  im  Oxford,  von  Han- 
nover, 157  (plate). 

  .     Geognostische  Beschreibung  des  Bergwerksdistrictes  von  St. 
Andreasberg,  163  (3  plates). 

  .     Die  Yerbreitung  des  Gault  in  der  Umgegend  von  Hannover, 
232  (plate). 

Boston.   American  Journal  of  Conchology.   Yol.  i.    No.  3.   July  1865., 

Boston  Society  of  Natural  History.    Proceedings.    Yol.  vii.  pp.  145- 
448.     November  1859  to  February  1861. 

C.  T.  Jackson. — Crystals  of  Green  Felspar  from  the  Sea-wall  near 
Southwest  Harbour,  Mount  Desert,  Maine,  160. 

W.  B.  Rogers. — Fossil  Cast  in  Sandstone  of  part  of  the  Trunk  of  a 
large  Sigillaria  from  South  Joggins,  Nova  Scotia,  168. 

E.  Hitchcock,  jun.— On  the  elongated,  flattened,  and  curved  pebbles 

found  in  the' Conglomerate  of  Yermont,  208. 
C.  H.  Hitchcock. — Explanation  of  a  Geological  Map  of  Yermont,  236. 
W.  B.  Rogers. — Stratigraphical  Relations  of  Marine  Deposits,  246. 
R.  Field. — Footmarks  of  the  Connecticut  River  Sandstones,  316, 
0.  A.  White. — Geology  and  Palaeontology  of  Burlington,  Iowa,  and 

its  Yicinity,  319. 
E.  Hitchcock. — Conglomerate  of  Yermont,  353. 
J.  Marcou. — ^Primordial  Fauna,  and  Taconic  System,  369. 
N.  Fasten. — Imprints  of  Shells  in  Siliceous  Slate  of  Fall  River,  389. 
W.  B.  Rogers. — Remarks  on  the  Group  of  Rocks  constituting  the 

base  of  the  Palaeozoic  Series  in  the  United  States,  394. 
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Boston  Society  of  Natural  History.    Proceedings.    Yol.  vii.  pp.  145- 
448  (continued), 

W.  B.  Rogers. — ^Palaeozoic  Rocks  of  Dennis  River  in  Maine^  419, 
C.  H.  Hitchcock. — Geology  of  Vermont  in  relation  to  the  Taconic 

System,  426. 

  .       .     Yol.  ix.  pp.  321-386.     Pebruary  and  March  1865. 

Breslau.  Abhandlungen  der  Schlesischen  Gesellschaft  f lir  vaterlan- 
dische  Cnltnr.  Abtheilung  fiir  Naturwissenschaften  und  Medicin. 
1864.     Heft  1. 

-.   Philosophisch-historische  Abtheilung.   Heft  2.   1864. 

Zwei  und  vierzia-ster  Jahres-Bericht  der  Schlesischen  GeseU- 
schaft  fiir  vaterlandische  Cultur.     1864. 

Websky. — Ueber  die  Bestrebimgen  franzosischer  Mineralogen,  die 
Erscheinungen,  welche  die  diirchsichtigen  Mineralkorper  im  polari- 
sirten  Lichte  darbieten,  als  wesentlich  bestimmendes  Kennzeichen 
in  Anwendimg  zii  bringen,  23. 

Runge. — Ueber  die  nunmehr  vollstandig  publicirte  geognostische 
Karte  des  niederschlesischen  Gebirges,  24. 

P.  Romer. — Die  Katto^^dtzer  marine  Conchy  lien-Fauna  auch  bei 
Rosdzin  entdeckt,  25. 
  .     Ueber  ein  kreisrundes,  scheibenformiges  Gneisgeschiebe  aus 

dem  Karolinen-Plotze  bei  Kattowitz,  26. 
  .     Ueber  die  Auffindimg  eines  fossilen  Saugethiers  in  der  Tertiar- 

bildung  von  Dirschel,  27. 
  .     Ueber  eine  in  den  Monaten  Marz  und  April  d.  J.  gemachte 

Reise  nach  Spanien,  27. 
  .     '  Erlauterung  des  Bericlits  liber  die  Erhebungen  der  Wasser- 

Versorgungs- Commission  des  Gemeinderathes  der  Stadt  "Wien  j 
Wien  1864 '  noticed,  30. 

  .    Ueber  ein  Yorkommen  von  Cardium  edide  and  Buceinum  reti- 

culatum  in  dem  Diluvial-Kies  bei  Bromberg,  32. 
  .    Ueber  ein  Stiick  des  am  14.  Mai  1864  bei  Orgueil  gefallenen 

Meteoriten,  32. 
P.  Cohn. — Ueber  die  Entstehung  des  Travertin  in  den  Wasserf  aUen 

von  Tivoli  durch  Yermittelung  der  Moose  und  Algen,  32. 

Goppert. — Ueber  die  Darwin'sche  Transmutations-Lehre  mit  Bezie- 
hung  auf  fossile  Pllanzen,  39. 

British  Association  for  the  Advancement  of  Science,  Report  of  the 

Thirty-fourth  Meeting,  held  at  Bath  in  September  1864.     1865. 

P.  de  M.  G.  Egerton,  T.  H.  Huxley,  and  W.  Molyneux. — Distribution 
of  the  Organic  Remains  of  the  North  Staffordshire  Coal-field;  342. 

Daubeny. — Thermal  Waters  of  Bath,  26. 
Roscoe. — Existence  of  Lithium,  Strontium,  and  Copper  in  the  Bath 

"VVaters  41. 
\Y.  L.  Scott.— New  Sources  of  Thalliuni,  41. 
J.  Phillips. — Address  to  Geological  Section,  45. 
W.  H.  Baily. — New  points  in  the  Structure  of  Pal(^cliinus,  49. 
  .     Occurrence  of  Fish-remains  in  the  Old  Red  Sandstone  at 

Portishead,  near  Bristol,  49. 

H.  B.  Brady. — ^Foraminifera  of  the  Middle  and  Upper  Lias  of  Somer- 
setshire, 50. 

H.  W.  Bristow. — Rhsetic  (or  Penarth)  Beds  of  the  Neighbourhood  of 
Bristol  and  the  South-west  of  England,  50. 
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British  Association  for  the  Advancement  of  Science.     Eeport,  1864 
(continued). 

P.  B.  Brodie. — Two  outliers  of  Lias  in  South  Warwickshire,  and  pre- 
sence of  the  Rhsetic  Bone-bed  at  Kjiowle,  52. 

P.  P.  Carpenter. — Connexion  between  the  Crag  Formations  and  the 
recent  North  Pacific  Faunas,  52. 

Daubeny. — Cause  of  the  Extrication  of  Carbonic  Acid  from  the  In- 
terior of  the  Earth,  and  on  its  Chemical  Action  upon  the  Consti- 

tuents of  Felspathic  Rocks,  52. 
W.  B.  Dawkins. — Newer  Pliocene  Fauna  of  the  Caverns  and  Eiver- 

deposits  of  Somersetshire,  53. 
R.  Harkness. — Lower  Silurian  Rocks  of  the  South-east  of  Cumber- 

land and  the  North-east  of  Westmoreland,  53. 
J.  Hector. — Geology  of  the  Province  of  Otago,  New  Zealand,  54. 
Hennessy. — ^Possible  Conditions  of  Geological  Climate,  65. 
W.  Keene. — Coal-measures  of  New  South  Wales  with  Spirifer, 

Glossopteris,  and  Lepidodendron,  58. 
E.  R.  Lankester. — Species  of  the  genus  Pteraspis,  58. 
J.  Leckenby. — Boulder-clay  and  Drift  of  Scarborough  and  East 

Yorkshire,  58. 

C.  Moore. — Geology  of  the  South-west  of  England,  59. 
C.  W.  Peach. — Traces  of  Glacial  Drift  in  the  Shetland  Islands,  59. 
  .    Additional  List  of  Fossils  from  the  Boulder-clay  of  Caithness, 61. 

W.  Pengelly. — Accumulation  of  Shells,  with  Human  Industrial 
Remains,  found  on  a  hill  near  the  River  Teign,  in  Devonshire,  63. 
  .     Changes  of  Relative  Level  of  Land  and  Sea  in  South-eastern 

Devonshire  in  connexion  with  the  Antiquity  of  Mankind,  63. 
J.  Phillips. — Formation  of  Valleys  near  Kirkby  Lonsdale,  63. 
  .     Measure  of  Geological  Time  by  Natm-al  Chronometers,  64. 
  .    Distribution  of  Granite  Blocks  from  Wasdale  Craig,  65. 
W.  B.  Rogers. — Peculiar  Fossil  found  in  the  Mesozoic  Sandstone  of 

the  Connecticut  Valley,  QQ. 
R.  N.  Rubidge. — Relations  of  the  Silurian  Schist  with  the  Quartzose 

Rocks  of  South  Africa,  66. 
J.  W.  Salter. — New  Forms  of  Glenoid  Trilobites  from  the  Lowest 

Fossiliferous  Rocks  of  Wales,  67. 

  .  Old  Pre-Cambrian  (Laurentian)  Island  of  St.  David's,  Pem- 
brokeshire, 67. 

W.  Sanders. — Explanation  of  a  Geological  Map  of  the  Bristol  Coal- 
field, 68. 

W.  A.  Sanford. — Carnassial  and  Canine  Teeth  from  the  Mendip 
Caverns,  probably  belonging  to  Felis  antiqua  (syn.  Fardus),  69. 

H.  Seeley. — Significance  of  the  Sequence  of  Rocks  and  Fossils,  69. 
W.  W.  Smyth.— Thermal  Water  of  the  Clifford  Amalgamated  Mines 

of  Cornwall,  70. 

H.  C.  Sorby. — Conclusion  to  be  drawn  from  the  Physical  Structm'e 
of  some  Meteorites,  70. 

W.  W.  Stoddart. — Lowest  Beds  of  the  Clifton  Carboniferous  Series,  71. 
H.  B.  Tristram. — Bone  Breccia  with  Flints  in  Lebanon,  72. 
  .     Sulphur-  and  Bitumen-deposit  at  the  South-west  Corner  of 

the  Dead  Sea,  73. 

H.  Woodward. — Family  of  the  Eurypterida,  with  descriptions  of 
some  new  genera  and  species,  73. 

T.  Wright. — Development  of  Ammonites,  73. 
  .     White  Lias  of  Dorsetshire,  75. 
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Brussels.     Annuaire  de  TAcademie  Eoyale  des  Sciences,  des  Lettres, 

et  des  Beaux- Arts  de  Belgique.     31^  Annee.     1865. 

  .     Bulletins  de  I'Academie  Eoyale  des  Sciences,  &c.,  de  Belgi- 
que.    33"  Annee.     2"  Ser.     Yol.  xviii.     1864. 

D'Omalius. — Sur  les  ̂ cliantillons  de  phospliate  de  cliaux  decouverts 
a  Ramelot  par  M.  Dor,  547. 

Dewalque. — Note  sur  le  gisement  de  la  cliaux  phosphatee  en  Belgi- 

que^ 8. 
De  Koninck,  A.  de  Vaux,  et  Dewalque. — Sur  I'eau  minerale  du  puits 

artesien  d'Ostende,  113,  119,  121. 
Malaise. — Note  sur  le  terrain  cretace  de  Lonze,  317. 

D'Omalius. — Rapport  sur  un  memoire  de  M.  E.  Dupont  concernant 
les  assises  du  calcaire  carbonifere  des  environs  de  Dinant,  311. 

H.  Nyst. — Notice  sur  une  nouvelle  espece  de  Pecten  et  observations 
sur  le  Feeten  Dmvelsii,  26. 

E.  Dupont. — Sur  les  fouilles  faites  dans  le  Trou  des  Nutons,  pres  de 
Eurfooz,  30,  228,  387. 

Coemans  et  Kickx,  jun. — Monograpbie  des  Sphenophyllum  d'Eiu-ope, 134. 

Van  Beneden. — Decouverte  d'une  pince  de  homard  dans  une  pien-e 
de  I'argile  de  Rupelmonde,  133. 

Malaise. — Note  siu?  I'existence  en  Belgique  de  nouveaux  gites  fossili- 
feres  a  faune  silurienne,  321. 

Dewalque. — Une  nouveUe  dent  de  Carcharodon  dans  le  gravier  de  la 
Mouse,  400. 

— .       .     34"  Annee.     2"  Ser.     Yol.  xix.     1865. 

Van  Beneden  et  E.  Dupont. — Sur  les  ossements  humains  du  Trou  du 
Frontal,  15. 

Nyst. — Sur  une  coquille  fossile  du  systeme  Diestien,  nouvelle  pour  la 
faune  beige,  appartenant  au  genre  Modiola,  30. 

  .     Memoires   couronnes  et   memoires    des   savants   etrangers, 

publics  par  I'Academie  Eoyale  des  Sciences,  &c.,  de  Belgique. 
Yol.  xxxii.     1864-65. 

  .     Memoires  couronnes  et  autres  memoires  public's  par  I'Aca- 
demie Eoyale  des  Sciences,  &c.,  de  Belgique.     Yol.  xvii.     1865. 

A.  Perrey. — Note  sur  les  tremblements  de  terre  en  1863,  avec  supple- 
ments pour  les  annees  anterieures,  de  1843  a  1862. 

Calcutta.    Journal  of  the  Asiatic  Society  of  Bengal.     Part  I.  No.  1, 
and  Part  II.  No.  1.     1865. 

A.  M.  Yercbere. — Notes  to  accompany  a  Geological  Map  and  Section 
of  the  Lower  Glim',  or  Sheen  Ghur  range,  in  the  district  of  Bun- 
noo,  Punjab,  mth  analyses  of  the  Lignites,  42  (plate). 

Canadian  Journal.     New  Series.     Yol.  x.     Nos.  57  &  58.     May  to 
July  1865. 

Canadian  Naturalist  and  Geologist.     New  Series.     Yol.  ii.     No.  3. 
June  1865. 

T.  Sterry  Hunt. — Contributions  to  the  Chemistry  of  Natural  Waters, 
II.  Analyses  of  Yarious  Natural  Waters,  161. 

e2 
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Canadian  IS'atnralist  and  Geologist.     New  Series.     Yol.  ii.     K^o.  3 
{continued). 

E.  Billings. — On  some  of  tlie  more  remarkable  genera  of  Silurian  and 
Devonian  Fossils,  184. 

H.  F.  Perle3^ — Gold-mines  and  Gold-mining  in  Nova  Scotia,  198. 
T.  Macfarlane. — ^Extraction  of  Copper  from  its  Ores,  219. 

D.  W.  Bailey,  G.  F.  Mattliew,  and  C.  F.  Hartt's  '  Geology  of  New 
Brunswick/  noticed,  232. 

H.  Y.  Hind's  '  Report  on  the  Geology  of  New  Brunswick,'  noticed, 232. 

Chemical  Society.  Journal.  Second  Series.  Vol.  iii.  Nos.  29-31. 
May  to  July  1865. 

Colliery  Guardian.  Vol.  x.  Nos.  235-248.  July  to  September 
1865. 

Belgian  Bone-caves,  10. 
Manchester  Geological  Society,  10. 
Dudley  Geological  Society,  23,  142. 
Discovery  of  Cannel  Coal  in  Ncav  South  Wales,  31. 
North  of  England  Institute  of  Mining  Engineers,  39,  48,  65. 
Coal  in  New  Zealand,  51. 
Mineral-field  of  Southern  Ohio,  51,  75,  90. 
Discovery  of  Fossil  Shells  in  the  Silurian  Rocks  of  Moffat,  74. 
Geological  Discoveries  at  Harrington,  103. 
Lower  Coal-measures  of  Monmouthshire,  122. 
Gold-mining  in  Wales,  123. 
Mineral  Statistics  of  the  United  Kingdom,  124. 
Petroleum  in  West  Virginia,  136. 
Meeting  of  British  Association,  189,  192,  212,  215,  231,  233. 

Discovery  of  Fossil  Trees  at  Ironbridge,"  '249. 
J.  Skidmore,  jun. — The  Stourbridge  Fire-clay,  252. 

Dijon.  Memoires  de  I'Academie  Imperiale  des  Sciences,  Arts,  et 
Belles-lettres.  10^  Serie.  Vol.  x.  1862.  From  Sir  R.  L 

MurcMson,  Bart.,  K.C.B.,  F.G.S.,  ̂ 'c. 
J.  Martin. — ^Note  sur  quelques  fossiles  nouveaux  ou  peu  connus  de 

I'etage  bathonien  de  la  Cote-d'Or,  55  (5  plates). 
J.  le  Conte. — Sur  les  Plantes  des  Terrains  Carboniferes,  103. 

Geological  Magazine.  Vol.  ii.  Nos.  13-15.  July  to  September 
1865. 

Geological  Progress.     No.  I.,  289. 
J.  Phillips.— Oxford  Fossils.     No.  I.,  292  (plate). 
R.  D.  Darbishire. — Genuineness  of  certain  Fossils  from  the  Maccles- 

field Drift-beds,  293. 

D.  Mackintosh. — Tourist's  Notes  on  the  Surface-geologv  of  the  Lake- 
district,  299. 

T.  R.  Jones. — Microzoa  of  the  Valley-deposits  of  the  Nar,  Norfolk, 
306. 

A.  L.  A.  Fee's  '  Le  Darwinisme :  ou,  Examen  de  la  Theorie  relative 
a  I'Origine  des  Especes,'  noticed,  308. 

Memoirs  of  the  Geological  Survey  of  India,  Vol.  iii.  Part  2,  noticed, 
310. 

H.  B.  Holl's  ̂ Formation  and  History  of  the  Malvern  Hills,'  noticed, 316. 
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Geological  Magazine.     Yol.  ii.     Nos.  13-15  (continued). 

Geological  Progress.     jSTo.  II.  Field-clubs  and  Local  Geological  So- 
cieties, 337. 

B.  Owen. — New  Genus  (Mioloplms)  of  Mammal  from  tlie  London 
Clay,  339  (plate). 

C.  W.  Peach.— Traces  of  Glacial  Drift  in  tlie  Shetland  Islands,  341. 
D.  C.  Davies. — Walk  over  the  ̂^ Ash-bed"  and  "Bala  Limestones" 

near  Oswestry,  343. 

Dao-lish  and  Forster. — Magnesian  Limestone  of  Durham,  355. 
C.  Vogt's  ̂ Lectures  on  Man ;  his  Place  in  Creation  and  in  the  History 

of  the  Earth,'  edited  by  Dr.  J.  Hunt,  noticed,  357. 
W.  H.  Daily. — Cambrian  Rocks  of  the  British  Islands,  with  especial 

reference  to  the  occurrence  of  this  Formation  and  its  Fossils  in 

Ireland,  385. 
Extinct  Gigantic  Armadillo,  400, 
H.Woodward. — Crustacean  Teeth  from  the  Carboniferous  and  Upper 

Ludlow  Eocks  of  Scotland,  401  (plate). 
E.  W.  Binney. — Remarks  on  the  genus  Folyporites^  404. 

R.  Owen.— Observations  on  '  Recherches  sur  les  Squalodons '  by  P. 
J.  Van  Beneden,  405. 

J.  Hall's  ̂ Graptolites  of  the  Quebec  Group,'  noticed,  413. 
J.  F.  Campbell's  '■  Frost  and  Fire,  Natural  Engines,  Tool-marks  and 

Chips,  with  Sketches  taken  at  home  and  abroad,'  noticed,  415. 
  '  Short  American  Tramp  in  the  Fall  of  1864,'  noticed,  415. 
T.  Marsden's  ^  Sacred  Steps  of  Creation ;  or,  the  Revealed  Genetic 

Theology  illustrated  by  Geology  and  Astronomy,'  noticed,  417. 
Abstracts  of  British  and  Foreign  Memoirs,  307,  347,  405. 

Reports  and  Proceedino-s  of  Societies,  318,  362,  420. 
Correspondence,  326,  377,  428.  -    . 
Miscellaneous,  330,  383,  432. 

Geological  and  Natural  History  Repertory.     Vol.  i.     No.  4.     1865. 

J.  Jones. — Trees  of  the  Stone,  Bronze,  and  Iron  Ages,  73. 
S.  J.  Mackie. — Undescribed  Vegetable  Fossil,  79. 
Correspondence,  71,  80. 
Proceedings  of  Societies,  82. 
Bibliographical  Notices,  82. 

Geologists'  Association.     Proceedings.     Yol.  i.     No.  11.     1864-65; 

W.  Hislop.— Notes  on  Microscopic  Geology,  373,  378,  386. 
C.  Evans. — Excursion  to  Sevenoaks,  390. 
C.  B.  Rose. — Recent  Marine  Deposit  at  Boulogne,  402. 
A.  Ramsay,  jun. — Excm-sion  to  Bromley,  404. 
R.  L.  Guppy. — Metamorphism  in  certain  Strata  at  Bendigo,  Australia, 409. 

C.  Tomlinson. — Two  Days  at  the  Chesil  Bank,  414. 
T.  B.  Redwood. — Metal  Mag-nesium,  415. 

Intellectual  Observer.     Yol.  vii.     Nos.  42-44.     July  to  September 
1865. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

Campbell's  '  Frost  and  Fire,  Natural  Engines,  Toolmarks  and  Chips/ noticed,  9. 

H.  Woodward. — Excursion  to  the  Crag  District,  33  (plate). 
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Linnean  Society.     Transactions.     Vol.  xxv.  Part  1.     1865. 

Liverpool  Geological  Society.     Proceedings.     1864-65. 

Gr.  H.  Morton. — Report  on  the  Field-meeting  at  Llangollen^  3. 
  .     Report  on  the  Field-meeting  at  Bidston  Hill^  4. 
  .     Records  of  Geological  Time,  5. 
0,  R.  Hall. — Conjectural  Hints  towards  determining  the  Ancient 

Coast-lme  of  North  Wales,  between  the  River  Dee  and  the  Island 
of  Anglesea^  7  (plate). 

R.  A.  Eskrigge. — Geology  of  the  Country  around  Builth,  20. 
G.  H.  Morton.— Recent  Shell-bed  at  Wallasey,  26. 
H.  F.  Hall. — Geological  Ramble  in  L^eland,  27. 
D.  C.  Davies, — List  of  Fossils  from  the  Bala  Limestone  and  its  asso- 

ciated beds  in  North  Wales,  30. 

T.  J.  Moore. — Footprint  of  Iguanodon,  35. 
H.  Duckworth. — Description  of  part  of  the  lower  jaw  of  a  large 

Mammal,  probably  of  Deinotherian  type,  from  Perim  Island,  38. 

Historic  Society  of  Lancashire  and  Cheshire.     New  Series. 
Vol.  iv.     Session  1863-64. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.    Yol. 

Nos.  200-202.     July  to  September  1865.     From  Dr.  W.  Francis, 
F.G.S. 

D.  Forbes. — Researches  on  the  Mineralogy  of  South  America,  139. 
G.  F.  Matthew. — Azoic  and  Palaeozoic  Rocks  of  Southern  New 

Brunswick,  15. 

F,  Sandberger. — Results  of  Geological  Observations  in  Baden  and 
Franconia,  158. 

R.  N.  Rubidge. — Changes  rendered  necessary  in  the  Geological  Map 
of  South  Africa,  159. 

London  Review.    Vol.  x.     Nos.  261-274.    July  to  September  1865. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

J.  Kelly's  '  Notes  on  Errors  in  Geology,'  noticed,  46. 
Ancient  Rhone  Glacier,  253. 

S.  Hanghton's  ̂   Manual  of  Geology,'  noticed,  261. 
Meeting  of  the  British  Association,  275,  307,  351. 

Longman's  Notes  on  Books.     Yol.  iii.     No.  42.     August  31,  1865. 

S.  Hanghton's  '  Manual  of  Geology,'  noticed,  26. 

Lyon.     Bulletin  des  Seances  de  I'Academie  Imperiale  des  Sciences, 
Belles -Lettres,  et  Arts.     January  to  March  1865. 

Milan.     Atti  della  Societa  Italiana  di  Scienze  Naturali.     Yol.  vi. 
Fasc.  4  &  5.     October  1864  and  March  1865. 

Meneghini. — Studj  paleontologici  suUe  ostriche  cretacee  della  Sicilia, 
410  (plate). 

Pecchioli. — ^Descrizione  di  alcuni  nuovi  fossili  delle  argille  subapen- 
nine  toscane,  498  (plate). 

De  Mortillet. — Geologie  des  environs  de  Rome,  530. 
Belli. — SuUe  maree  delle  rocce  liquide  sotto  la  crosta  terrestre,  639. 
Zollikofer. — Esposizione  dei  diiferenti  sistemi  geologic!,  545. 
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Milan.     Atti  della  Societa  Italiana  di  Scienze  Natural!.     Yol.  vii. 
1864. 

Issel. — ^Di  una  caverna  ossifera  di  Finale,  173  (plate). 

Haidinger. — Recenti  lavori  deU'  Istituto  geologico  di  Vienna,  203. 
Balsamo-Orivelli. — Di  una  vertebre  fossile  di  rettile,  210. 

Stoppani. — Risultati  geologici  dedotti  dallo  studio  delle  grandi  bivalve 
cardifornd;  213  (plate). 

  .       .     Yol.  viii.  Pasc.  1.     April  1865. 

Indicazioni  relative  alia  Comniissione  di  geologia  nel  Portogallo,  65 
Omboni. — Relazione  sulle  condizioni  geologicbe  delle  ferrovie  pro- 

gettate  per  arrivare  a  Coira  passando  per  lo  Spluga,  il  Settimo,  e  il 
Lucomagno^  96. 

Munich.     Sitzungsberichte  der  konigl.-bayer.  Akademie  der  Wissen- 
schaften.     Yol.  i.  Hefte  3  &  4.     1865. 

New  York.     Annals  of  the  Lyceum  of  Natural  History.     Yol.  viii. 
Nos.  2  &  3.     June  to  December  1864. 

Charter,  Constitution,  and  By-laws  of  the  Lyceum  of  Natural 
History,  with  a  List  of  the  Members,  &c.     1864. 

Palermo.     Giornale  di  Scienze  Naturali  ed  Economiche.     Yol.  i. 
Fasc.  1.     1865. 

G.  G.  Gemmellaro. — Nerinee  della  ciaca  dei  dintorni  di  Palermo,  6 
(4  plates). 

Paris.     Annales  des  Mines.     Sixieme  Serie.     Yol.  vii.  Livr.  2  &  3. 
1865. 

Ville. — Notice  sur  les  sources  min^rales  de  la  province  dAlger, 157. 

  .    Analyses  de  diverses  eaux  minerales  de  la  province  d' Alger, 233. 

  .     Bulletin  de  la  Societe  Geologique  de  France.     Deuxieme 
Serie.   Yol.  xxii.  Feuill.  8-16.    December  1864  to  February  1865. 

Yille. — Etude  des  puits  artesiens  dans  le  bassin  du  Hodna  et  dans  le 
Sahara  des  provinces  dAlger  et  de  Constantine,  113. 

Th.  Ebray. — Sur  I'age  du  granite  syeuitique  du  Beaujolais,  122. 
Virlet  d'Aoust. — Phenomenes  geologiques  observes  dans  la  tranchee 

de  la  rue  de  Rome,  136. 

G.  de  Mortillet. — L'epoque  quaternaire  dans  la  vallee  du  P6,  138. 
Virlet  d'Aoust. — Flexibilite  generale  des  couches  du  globe,  155. 
L'abbe  Pouech, — Decouverte  du  quatrieme  etage  du  lias  dans  le  de- 

partement  de  I'Ariege,  162. 
A.  Boue. — Modifications  d'une  partie  de  ses  classements  geologiques 

de  la  Tm-quie  en  1840,  164. 
E.  Dumortier. — Sur  la  JRhynchonella  meridionalis  et  la  Terebratula 

Brehissoni,  174. 

Eug.  Wolmeringer  — Sur  la  nature  et  I'epaisseur  du  terrain  d'alluvion 
de  la  vallee  de  I'Adour  entre  Hastingues  et  Lahonce  (Basses-Pyre- 

nees), 176. 

G.  de  Mortillet. — Note  additionnelle  sur  la  vallee  du  P6, 177  (plate). 
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Paris.     Bulletin  de  la  Societe  Geologique  de  France.     Deuxieme 

Serie.     Yol.  xxii.  Feuill.  8-16  (continued). 

Melleville. — Sur  les  gisements  de  Coeuvres  et  de  Jouy  (Aisne),  180. 
Yirlet  d'Aoiist. — Nombreuses  traces  de  marmites  de  geants  dans  le 

terrain  eocene. — Phenomenes  des  tinaja  et  des  tinaiillas,  an  Mexi- 
que,  186. 

J.  Delanoiie. — Les  marqnois  on  puits  naturels;  187. 
Th.  Ebray. — Sur  VHemiaster  Verneidli  en  reponse  aux  observations 

de  M.  Hebert,  190. 

Hebert. — Etude  critique  sur  un  groupe  ̂ ^Ilemiaster,  193. 
•   .     Sur  le  groupe  de  Belemnites  auquel  de  Blainville  et  Ale. 

d'Orbigny  ont  donne  le  noni  de  Belemnites  brevis,  201. 
L.  Pareto. — Sur  les  subdivisions  que  Ton  pourrait  6tablir  dans  les 

terrains  tertiaires  de  I'Apennin  septentrional,  210. 

Comptes  Eendus  des  Seances  de  I'Academie  des  Sciences. 
Table  des  Matieres  du  tome  lix.     Jnillet  a  De'cembre  1864. 

Ramon  de  la  Sagra. — Note  accompagnant  I'envoi  d'une  coupe  fio-urt^e 
des  terrains  traverses  dans  un  forage  pratique  pres  de  la  ville  de 
Cienfuegos,  Cuba,  111. 

Martin  et  Garrigou. — Etude  geologique  sur  les  eaux  sulfureuses  d'Ax 
(Ari6ge)  et  sur  le  groupe  de  sources  auquel  elles  se  rattachent, 
433. 

Scoutetten. — Recberclies  sur  les  eaux  niin^rales,  et  specialement  sur 
la  cause  de  leurs  proprietes  actives,  650. 

Lecoq. — Note  accompagnant  I'envoi  de  son  livre  sur  les  eaux  mine- 
rales  du  massif  central  de  la  France,  651. 

  .  Lettre  sur  "  Les  eaux  minerales  considerees  dans  leurs  rap- 
ports avec  la  Oliimie  et  la  Geologie,"  225. 

Massieu, — Sur  la  constitution  geologique  des  terrains  traverses  par  le 
chemin  de  fer  de  Rennes  a  Brest,  129. 

De  Verneuil. — Note  accompagnant  la  presentation  de  la  carte  geolo- 

gique de  I'Espagne,  qu'il  a  faite  en  collaboration  avec  M.  Collomb, 417. 

L.  Vaillant. — Sur  la  constitution  geologique  de  quelques  terrains  des 
environs  de  I'istlime  de  Suez,  867. 

Guillemin. — Memoire  sur  une  exploration  geologique  de  Madagascar, 
993. 

Pissis. — Exploration  geologique  de  TAraucania  et  des  pays  voisins, 
1080. 

Des  Moulins. — Lettre  accompagnant  un  memoire  sur  le  bassin  bydro- 
grapliique  du  Couzeau  dans  ses  rapports  avec  la  valiee  de  la  Dor- 
dogne,  1083. 

Cloez. — Analyse  chimique  de  la  pierre  meteorique  d'Orgiieil,  37. 
Pisani. — Etude  cMmique  et  analyse  de  I'aerolitlie  d'Orgueil,  132. 
Des  Cloizeaux. — Sur  la  presence  d'un  carbonate  de  magnesie  et  de  fer 

cristallise  dans  la  meteorite  d'Orgueil,  829. 
Daubree. — Sur  la  presence  de  la  breunnerite  dans  cette  meteorite,  830. 
Cloez. — Sur  le  dosage  du  carbone  dans  la  meme  meteorite,  830. 
Daubree. — Note  accompagnant  la  presentation  de  la  masse  principale 

des  meteorites  tombees  a  I'Aigle  (Orne)  le  26  Avril  1803. — Cata- 
logue des  meteorites  existant  en  1864  dans  la  collection  du  Museum 

d'llistoire  naturelle,  1065. 
Cavaroz. — Corps  d'origine  meteorique  observes  an  Mexique,  1099. 
Damour  et  H.  Ste. -Claire  Deville. — Nouvelle  analyse  de  la  Parisite, 

270. 
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Paris.     Comptes  Eendus  des  Seances  de  I'Academie  des  Sciences. 
Table  des  Matieres  du  tome  lix.  (continued). 

Pisani. — Analyse  de  laLangite,  nouveau  mineral  duCornoiiailles^  633. 

Damom\ — Sm*  la  callais,  uoiiveaii  phospliate  d'alumine  liydrate  re- 
cueilli  dans  un  tombeaii  celtiqiie  du  Morbilian,  936. 

Terrell. — Analyse  de  diverses  substances  minerales  du  royaume  de 
Siam,  1047. 

Bouclier  de  Perthes. — Note  relative  a  de  nouveaux  ossements  liumaius 

decouverts  a  Moulin-Quignon,  107. 
Euteux. — Sur  les  ossements  liumains  d'Abbeville,  121. 
Husson. — Reclierclies  complementaires  sur  les  cavernes  a  ossements 

des  environs  de  Toul,  323. 

Chevalier. — Decouverte  d'un  nouvel  atelier  de  fabrication  d'instru- 
ments  en  silex^  326. 

Bourgeois. — Essai  de  determination  des  caracteres  propres  a  distin- 
guer  les  amies  et  instruments  en  silex  de  diverses  epoques,  629. 

Garrigou  et  Filhol. — Aper9u  paleontologique  sur  les  cavernes  de  I'age 
de  la  pierre  Suisse,  dans  la  vallee  de  Tarascon  (Ariege),  593. 

Gervais. — Lettre  accompagnant  Tenvoi  d'un  memoire  imprime  sur 
la  caverne  de  Bize  et  les  especes  animales  dont  les  debris  y  sont 

associes  a  ceux  de  I'homme,  945. 
E.  Robert. — Ilapprochemeut  entre  les  gisements  de  silex  travailles 

des  bords  de  la  Sonime  et  ceux  de  Bregy,  Meudon,  Pressigny-le- 

grand,  etc.,  dans  I'interieur  des  terres  ou  bien  au-dessus  des  grands 
cours  d'eau,  661. 

Bourdran. — Sur  deux  nouveaux  gisements  d'armes  en  silex,  854. 
Van  Beneden. — Sur  la  decouverte  d'ossements  liumains  enfouis  avec 

des  ossements  d'animaux  qui  n'habitent  plus  le  pays,  1087. 
P.  Secchi. — Instruments  en  silex  trouves  pres  d'Alatri,  548. 
De  Luca. — Ptecherches  chimiques  sur  la  composition  des  os  decou- 

verts a  Ponipei,  5G7. 
Boescli. — Lettre  concernant  les  mett^orites,  silex  travailles  et  autres 

corps  pierreux  designes  en  Alsace  sous  le  uom  de  '^baches  de  la 
foudre,"  713. 

Cavaroz. — Ossements  fossiles  decouverts  en  diverses  parties  du  Mex- 
ique,  1099. 

Penou. — Sur  un  tremblement  de  terre  ressenti  a  Vendome,  206. 
De  Tchihatchef. — Sur  un  tremblement  de  terre  ressenti  a  Florence  et 

dans  les  environs  les  11  et  12  decembre  1864,  1023. 

Philadelphia.  American  Philosophical  Society.   Proceedings.  Vol.  ix. 
Nos.  71  &  72.     1864. 

J.  P.  Lesley. — ^Abbeville  Quarries,  388  (2  plates). 
  .     Ancient  Sea-level,  399. 
Dubois. — Magnesium,  458. 
W.  A.  Hendry.— Nova  Scotia  Coal,  459. 
J.  M.  Hale. — Old  Salt-well  in  Pennsylvania,  459. 
J.  P.  Lesley. — Late  Discovery  of  Lignite  in  Middle  Pennsylvania,  463 

(3  plates). 

  »      .     Transactions.    New  Series.   Vol.xiii.  Parti.    1865. 

  .       .     List  of  Members.     1864. 

Photographic  Journal.    Vol.  x.     Nos.  159-161.    July  to  September 
1865. 
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Presburg.    Correspondenzblatt  des  Yereins  fiir  Waturkunde.   Yol.  ii. 
1863. 

T.  Szekecso. — Die  k.-k.  geologische  Reiclisanstalt  in  Wien,  213. 
E.  Mack, — Yorkommen  von  Lignit  und  ScMchtenfolge  beim  Graben 

eines  Brunnens  in  Presburg,  191. 
  .     Ueber  Petroleum,  192. 
Geologiscbe  Detailaufnabme  des  Presburger  und  Neutraer  Komitates 

durcli  die  k.-k.  geolog.  Keichsanstalt,  198. 
F.  Stoliczka. — Ueber  das  eigentliiimliclie  Auftreten  krystallinischer 

Schiefergebilde  im  siidwestliclien  Ungarn,  76. 
F.  Karrer. — Ueber  das  Auftreten  der  Foraminiferen  in  dem  marinen 

Tegel  des  Wiener  Beckens,  78. 

Aujesky. — Ueber  die  Yeranderungen  im  Salzgebalt  der  Ofner  Elisa- 
beth- und  Hildegard-Bitterquellen  im  Jabre  1861,  80. 

Tschermak. — Untersucbung  des  Oancrinits  von  Ditro  in  Siebenbiir- 

gen,  80. 
Schaub. — Ueber  die  periodisclie  Quelle  bei  Straczena,  95. 
K.  Nendtvicli, — Analyse  der  Mineralquelle  von  Agyagos,  114. 
  .     Analyse  der  Steinkoblen  von  Kis-Zello  mid  Werolnik,  115. 
J.  Molnar. — Analyse  der  Konig  MatMasquelle,  116. 
K.  A.  Zittel. — Geologische  Yerhaltnisse  der  oberen  Nummuliten- 

formation  in  Ungarn,  127. 
Ein  neuer  Wolframit,  177. 

Detailaufnahmen  der  k.-k.  geolog.  Keichsanstalt  in  den  Karpathen, 
199. 

Eine  eigenthiimliche  Krystallform  des  Diamants,  204. 
Schmelzung  von  kohlensaurem  Kalk  und  Darstellung  kiinstlichen 

Marmors,  233. 

Posepny. — ^Die  Quarzite  von  Drjtoma  in  Ungarn,  236. 

Quarterly  Journal  of  Microscopical  Science.     JSTew  Series.    Yol.  xiii. 
No.  19.     July  1865. 

Quarterly  Journal  of  Science.     Yol.  ii.     IS'o.  7.     July  1865. 
E.  Hull. — New  Red  Sandstone  as  a  Source  of  Water-supply  for  the 

Central  Towns  of  England,  418. 
Chronicles  of  Science,  432. 

W.  Pengelly. — Sahara  and  the  North-east  Trade  Wind^  565. 

Eeader.     Yol.  vi.     Nos.  131-144.     July  to  September  1865. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

C.  W.  King's  '  Natural  History  of  Precious  Stones  and  of  the  Precious 
Metals,'  noticed,  32. 

W.  B,  Carpenter. — The  Eozoon  Canadense,  45. 
The  Glacial  Period  in  New  Brunswick,  67. 

Belgian  Bone-caves,  68. 
J.  D.  Hooker. — Moraines  of  the  Tees  YaUey,  71. 

W.  S.  Jevons's  '  Coal  Question.    An  Inquiry  concerning  the  Progress 
of  the  Nation  and  the  Probable  Exhaustion  of  om-  Coal-mines/ 
noticed,  85. 

A.  Geikie's  '  The  Scenery  of  Scotland  viewed  in  connexion  with  its 
Physical  Geography,'  noticed,  114. 

The  Archseopteryx  again,  123. 
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Eeader.     Yol.  vi.     Nos.  131-144  {continued). 

A.  C.  Kamsay. — The  Ice-drifted  Conglomerates  of  the  Old  Red 
Sandstone,  186. 

Palseontographical  Society,  207. 

W.  King". — Histology  of  Rhynchopora  Geinitziana,  211. 
J.  CrolL — Physical  cause  of  the  submergence  of  the  land  during  the 

Glacial  Epoch,  270. 

R.  Gr.  M.  Browne's  ^Astronomical  Geology/  noticed,  287. 
Meeting  of  British  Association,  291,  321,  349,  379. 
O.  Fisher.— The  Glacial  Epoch,  297. 
S.  V.  Wood,  jun.— The  Glacial  Epoch,-  297. 
W.  B.  Carpenter. — The  JEozoon  Canadense,  325. 
H.  Pratt. — Glacial  Submergence,  354. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland.     Journal.     New 
Series.     Yol.  i.  Part  2.     1865. 

Royal  Geographical  Society.     Journal.     Yol.  xxxiy.     1864. 

H.  H.  Godwin-Austen. — Glaciers  of  the  Mustakh  Range,  19  (map). 
J.  Haast. — Mountains  and  Glaciers  of  the  Canterbury  Proyince,  New 

Zealand,  87  (map). 

C.  Forbes. — Physical  Geography  of  Yancouyer  Island,  154  (map). 
J.  Kirk. — Fossil  Bones  from  the  AUuyial  Strata  of  the  Zambesi 

Delta,  199. 

R.  I.  Murchison. — Antiquity  of  the  Physical  Geography  of  Inner 
Africa,  201. 

J.  Moreton. — Account  of  the  Physical  Geography  of  Newfoundland, 

  .     Proceedings.     Yol.  ix.     Nos.  3-6.     1865. 

C.  M.  Doughty. — Summer  Motions  of  some  Glacier-streams  in 
Southern  Norway,  109. 

Royal  Horticultural  Society.      Proceedings.     Yol.  v.      Nos.  7-9. 
July  to  September  1865. 

Royal  Irish  Academy.     Proceedings.     Yol.  yiii.     1864. 

J.  B.  Jukes. — Flint  Implements  found  at  St.  Acheul,  220. 

Royal  Society.     Proceedings.     Yol.  xiy.     Nos.  76  &  77.     1865. 

E.  W.  Binney. — Description  of  some  Fossil  Plants,  showing  struc- 
ture, found  in  the  Lower  Coal-seams  of  Lancashire  and  Yorkshire, 

327. 

R.  Owen. — Fossil  Mammals  of  Australia.  Part  II.  Description  of  an 
almost  entire  SkuU  of  Thylacoleo  carnifex,  343. 

N.  S.  Maskelyne. — New  Cornish  Minerals  of  the  Brochantite  Group, 
392. 

Shanghai.     Journal  of  the  North -China  Branch  of  the  Royal  Asiatic 
Society.     New  Series.     No.  1.     December  1864. 

J.  Henderson, — On  the  Physical  Causes  which  modify  Climate,  142. 

  .       .     Report  of  Council.     1865. 
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Society  of  Arts.     Journal.    Yol.  xiii.     Nos.  659-671.     July  to  Sep- 
tember 1865. 

Statistics  relating  to  Bismutli,  598. 
Mineral  Statistics  for  1864,  642. 
Meeting  of  Britisli  Association,  659,  669. 
Silver-mines  in  New  South  Wales,  665. 
Copper-mines  in  New  Sontli  Wales,  6Q6. 

Stuttgart.      Wlirtemburgische    naturwissenscliaftliche   Jahreshefte. 

Jahrgang  21.     Hefte  1-3.     1864. 

Reuseii. — Ueber  den  Agat,  55. 
  .     Ueber  den  Hydroplian,  57. 
Scliuler. — Die  Macntigkeit  des  braunen  Jura,  67  (plate). 
Scbwager. — Beitrag  zur  Kenntniss  der  mikroskopiscben  Fauna  juras- 

sisclier  Scbicbten,  82  (6  plates). 

Kliipfel. — Geologische  Mittbeilungen,  152. 
0.  Binder. — Geologisclies  Profil  des  Eisenbabn-Tunnels  bei  Pleil- 

bronn,  165  (plate). 

A,  Oppel. — Ueber  das  Lager  von  Seesternen  im  Lias  und  Keuper,  206. 

Yienna.     Jahrbuch  der  k.-k.  geologischen  Eeichsanstalt.     Yol.  xv. 
No.  1.     January  to  March  1865. 

Y.  Lipoid. — Das  Kohlengebiet  in  den  nordostlichen  Alpen,  1. 
Yerhandlungen  der  k.-k.  geologischen  E-eichsanstalt  1865. 

  .     Kaiaerliche  Akademie  der  Wissenschaften.      Abstracts  of 

Proceedings.     Jahrgang  1865.     Nos.  16-20. 

A.  Boue. — Ueber  die  mineralogisch-paliiontologische  Bestimmung 
der  geologischen  Gebilde,  102. 

E.  Suess. — Ueber  die  Classitication  der  Ammoniten,  112. 
r.  Stoliczka. — Eine  Revision  der  Gastropoden  der  Gosauschichten  in 

den  Ostalpen,  117. 

Reuss. — Ueber  die  Eoraminiferen,  Anthozoen  und  Bryozoen  des 
deutschen  Septarienthones,  125. 

Y.  R.  V.  Zepharovich. — Krystallographische  Mittbeilungen  aus  den 
chemischen  Laboratorien  zu  Graz  und  Prag,  133. 

  .    Yerhandlungen  der  k.-k.  zoologisch-botanischen  GeseUschaft 
in  Wien.     Yol.  xiv.     Hefte  1-4.     1864. 

G.  R.  V.  Frauenfeld. — Zoologische  Miscellen,  I.,  147  (plate). 
  .     Yerzeichniss  der  Namen  der  fossilen  und  lebenden  Arten  der 

Gattung  Paludina,  Lam.,  561. 

Warwickshire  Naturalists'  and  Archaeologists'  Eield-club.    Proceed- 
inojs.     1864. 
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II.  PEEIODICALS  PUECHASED  POR  THE  LIBEAEY. 

Annals  and  Magazine  of  Natural  Histoiy.     Third  Series.    Yol.  xvi. 

Nos.  91-93.     July  to  September  1865. 

F.  M^Coy. — Occurrence  of  Limopsis  Belcheri,  Corhula  sulcata,  and 
some  other  recent  Shells  in  the  fossil  state  in  Miocene  Tertiary 
Beds  near  Melbourne,  113. 

P.  M.  Duncan. — Description  of  some  Fossil  Corals  from  the  South 
Australian  TertiarieS;  182  (plate). 

Leonhard  und  Geinitz's  Neues  Jahrbuch  fiir  Mineralogie,  Geologie, 
und  Palaontologie.     Jahrgang  1865.    Heft  4.^ 

H.  B.  Geinitz. — Ueber  einige  seltene  Yersteinerungen  aus  der  unteren 
Dyas  und  der  Steinkohlenformation,  385  (2  plates). 

Goppert. — Ueber  das  Yorkommen  von  Baumtarn  in  der  fossilen  Flora, 
insbesondere  in  der  Kreide-Formation,  395. 

F.Wibel. — Die  Umwandlungs-Producte  alter  Broncen.    Ein  Beitrag 
zur  Genesis  einiger  Kupfererze  insbesondere  des  Kupferoxyduls, 
400. 

A.  Strong. — Ueber  die  Zusammensetzung  einiger  Silicate  niit  beson- 
derer  Beriichsichtigung  der  polymeren  Isomorphie,  411. 

Letters ;  Notices  of  Books,  Minerals,  Geology,  and  Fossils. 

L'Institut.     1^'^  Section.     33^  Anne'e.     Nos.  1646-1648  &  1650- 
1655. 

  .     2^  Section.     30<^  Annee.     Nos.  357  &  358. 

Natural  History  Eeview.     Yol.  v.     No.  19.     1865. 

W.  B.  Dawkins. — Dentition  of  Rhinoceros  mcgarhinus,  399. 
J.  Evans. — Portions  of  a  Cranium  and  a  Jaw  in  the  slab  containing 

the  fossil  remains  of  the  Archccoptenjx,  415. 

Palceontographica :   herausgegeben  von  Hermann  von  Mayer.     Yol. 
xii.  Lief,  b  &,  Q.     February  and  June  1865. 

E.  Goppert. — Die  fossile  Flora  der  Permischen  Formation  (Fortset- 
zung),  225  (24  plates). 

  :  herausgegeben  von  Dr.  AYilh.  Dunker.     Yol.  xiii.     Lief.  4. 
August  1865. 

U.  Schloenbach. — Beitrage  zur  Palaeontologie  der  Jura-  und  Kreide- 
Formation  im  nordwestlichen  Dentschland,  147  (10  plates), 

F.  H.  Eoemer.— Die  Quadraten-Kreide  des  Sudmerbero-es  bei  Goslar, 

193  (plate).  •  ' 

:   herausgegeben  von  Hermann  von  Mayer.     Yol.  xiv.  Lief.  2 
&3.     May  and  August  1865. 

H.  von  Mayer.— Fossiles  Gehirn  von  einem  Saugethier  aus  der 
Nieder-Eheinischen  Braunkohle,  37  (plate). 

E.  Ludwig.— Fossile  Conchylien  aus  den  tertiiiren  Siisswasser-  und 
Meerwasser-Ablagerungen  in  Kiirhessen,  Grossherzogthum  Hessen 
und  der  Bayer' schen  Ehon,  40  (12  plates). 



^2  DOIfATIONS. 

III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Annales  Hydrographiques :  recueil  d'avis,  instructions,  documents, 
et  memoires  relatifs  a  I'hydrographie  et  a  la  navigation,  l*"'',  2®,  3% 
et  4^  Trimestres  de  1864,  et  1^"^  Trimestre  de  1865.  1864-65. 
From  the  Depot  de  la  Marine. 

Austin,  T.  The  Millstone  Grit,  its  fossils  and  the  relation  it  bears 
to  other  groups  of  rocks,  more  particularly  as  it  occurs  in  the 
Bristol  District  and  South-west  of  England  generally.     1865. 

Bendyshe,  T.  The  Anthropological  Treatises  of  Johann  Eriedrich 
Blumenbach.     1865.     From  the  Anthropological  Society. 

Binney,  W.  G.  Bibliography  of  North- American  Conchology.  Part 
II.  Eoreign  Authors.     1864.     From  the  Smithsonian  Institution. 

Bosc.     Instruction  pour  le  Micrometre  Lugeol  a  Cadran  Lorieux. 
1864.  From  the  Depot  de  la  Marine. 

Burmeister,  H.  und  C.  Giebel.  Die  Yersteinerungen  von  Juntas  im 
Thai  des  Eio  de  Copiapo.  1861.  From  Sir  E.  I.  Murchison, 
K.G.B.,  F.G.S.,  Sfc. 

Catalogue.  Catalogue  de  la  superbe  bibliotheque  d'Ethnographie, 
de  Zoologie,  d' Anatomic  Comparee,  etc.,  formee  par  M.  W.  Yrolik. 
1865.  From  J.  Gwyn  Jeffreys,  Esq.,  F.G.S. 

  .     Catalogue  of  the  Library  of  the  late  "W.  B.  Baikie,  M.D., B.N.,  &c.     1865.     From  Messrs.  FutticJc  and  Simpson. 

Cleghorn.  Lecture  on  the  Geology  of  the  Surface  of  Caithness. 
1854.     From  Sir  B.  I.  Murchison,  K.G.B.,  F.G.S. ,  6fc. 

Godrington,  T.  The  Geology  of  the  Berks  and  Hants  Extension 
and  Marlborough  Railways.     1865. 

Combes,  J.-L.  Etudes  geologiques  sur  I'Anciennete  de  I'Homme 
et  sur  sa  co-existence  avec  divers  animaux  d'especes  eteintes  ou 
emigrees  dans  les  vallees  du  Lot,  et  de  ses  affluents  la  Theze,  la 
Lemance,  et  la  Lede.     1865.    From  Sir  G.  Lyell,  Bart.,  F.  G.S.,  Sfc. 

Couy,  E.  Renseignements  sur  la  navigation  des  cotes  et  des  rivieres 
de  la  Guyane  Erangaise.     1865.     From  the  Depot  de  la  Marine. 

Delesse.  Cartes  Geologique  et  Hydrologique  de  la  ville  de  Paris. 
1861.     From  Sir  R.  I.  Murchison,  K.G.B.,  F.G.S.,  Sfc. 

Delesse  et  Laugel.  Revue  de  Geologic  pour  les  annees  1862  et  1863. 
1865. 

^..^^'ers,  J.  Reponse  a  des  Objections  faites  au  sujet  de  stries  et 
d'incisions  constatees  sur  des  ossements  de  Mammiferes  fossiles 
des  environs  de  Chartres.     1863. 
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Desnoyers,  J.  Surles  Indices  materiels  de  la  Co-existence  de  rHomme 
avec  VElephas  meridionalis  dans  un  terrain  des  environs  de 
Chartres,  plus  ancien  que  les  terrains  de  transport  quaternaires 
des  Yallees  de  la  Somme  et  de  la  Seine.     1863. 

Desnoyers,  S.  Instructions  nautiques  sur  les  cotes  de  Corse.  1865. 
From  the  Depot  de  la  Marine . 

Dove,  H.  W.  La  loi  des  tempetes  consideree  dans  ses  rapports  avec 
les  mouvements  de  Fatmosphere.  1864.  From  the  Depot  de  la 
Marine. 

Fonvielle,  W.  de.  L'Homme  Fossile  etude  de  philosophie  zoologique. 
1865.     From  Messrs.  Bailliere  Sf  Co. 

Foote,  R.  B.  On  the  Occurrence  of  Stone  Implements  in  Lateritic 
Formations  in  various  parts  of  the  Madras  and  North  Arcot 
Districts.     1865. 

Fournet,  J".  Note  sur  un  effet  de  coloration  des  nuages  observe  le 9  mai  1852,  a  Ouillins.     1852. 

  .     Sur  la  distribution  des  coups  de  foudre  a  Lyon.     1852. 
From  Sir  B.  I.  MurcJiison,  K.C.B.,  F.G.JS.,  4^c. 

Garrigou,  F.  Etude  comparative  des  alluvions  Quaternaires  anci- 

ennes  et  des  Cavernes  a  ossements  des  Pyrenees  et  de  I'ouest  de 
I'Europe  au  point  de  vue  Geologique,  Paleontologique,  et  Anthro- 
pologique.     1865. 

  .     Etudes  sur  les  Cranes  de  la  Caverne  de  Lombrives.     1865. 

Gastaldi,  B.  Lake-habitations  and  Pre-Historic  Eemains  in  the 
Turbaries  and  Marl-beds  of  Northern  and  Central  Italy.  Trans- 

lated from  the  Italian  and  edited  by  C.  H.  Chambers.  1865. 
From  the  Anthropological  Society. 

Gaussin  et  Ploix.  Annuaire  des  Marees  des  cotes  de  France  pour 
Fan  1866.     1865.     From  the  Depot  de  la  Marine. 

Geinitz,  H.  B.     Das  Konigliche  mineralogische  Museum  in  Dresden     - 
1858.     From  Sir  B.  I.  Murchison,  K.C.B.,  F.G.S.,  ̂ c. 

Germain.  Madagascar  (Cote  Orientale).  Partie  comprenant  Tile 
Fong,  Tamatave,  Foule-pointe,  Mahambo,  Fenerive,  Sainte-Marie 
et  Tintingue.     1864.     From  the  Depot  de  la  Marine. 

Goeppert,  H.  B.    Ueber  die  Flora  der  Permischen  Formation.    1865. 

Gras,  A.  le.  Mer  du  Nord.  lY^  Partie.  La  Tamise.— La  Medway. 
Les  cotes  de  la  mer  du  Nord,  depuis  le  cap  Gris-Nez  jusqu'au  cap 
Skagen.     1864.     From  the  Depot  de  la  Marine. 

Eoutier  de  la  Cote  Nord  d'Espagne.    1864.    From  the  Depot de  la  Marine. 
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Haiier,  F.  R.  v.  Bericlit  iiber  die  geologische  Uebersichts-Aufnahme 
im  nordostlichen  Ungarn  im  Sommer  1858.  From  Sir  R.  I. 
MurcMson,  K.C.B.,  F.G.S.,  Sfc. 

liaiighton,  S.  On  the  Origin  of  Granite.  1862.  From  Sir  U.  I. 
MurcMson,  K.G.B.,  F.G.S.,  4x. 

Ilehert.  Etude  critique  sur  un  groupe  d'Hemiasters  comprenant: 
Hemiaster  Verneuili,  Desor;  ff.  Leymerii,  Desor ;  H.  similis,  d'Orb. ; 
H.  Fourneli,  Desh. ;  et  H.  Orhignyamis,  Desor.     1865. 

  .     Observations  sur  la  craie  inferieure  des  environs  de  Eochefort 

(Charente-Inferieure).     1864. 

  .     Sur  le  groupe  de  Belemnites  auquel  de  Blainville  et  d'Orbigny 
ont  donne  le  nom  de  B.  brevis.     1865. 

Hitchcock,  E.  An  account  of  the  Ornithichnites  or  Foot-marks  of 
Birds  on  the  Kew  Red  Sandstone  of  the  Yalley  of  Connecticut. 
1836.     From  Sir  B.  I.  MurcUson,  K.G.B.,  F.G.S,,  Sfc. 

Juices,  J.  B.  Kotes  for  a  comparison  between  the  Rocks  of  the 
South-west  of  Ireland  and  those  of  North  Devon,  and  of  Rhenish 
Prussia  (in  the  neighbourhood  of  Coblentz).     1865. 

Kerhallet,  E.  P.  de.  Manuel  de  la  navigation  dans  la  Mer  des  An- 

tilles et  dans  le  Golfe  du  Mexique.  S*"  Partie.  1864.  From  the 
De])6t  de  la  Marine. 

Kokscharow,  N".  v.  Mineralogische  Notizen.  From  Sir  JR.  I.  Mur- 
cMson, K.G.B.,  F.G.S.,  ̂ 'C. 

  .    ITeber  den  Russischen  Monazit  und  Aeschynit.    1861.    From 
Sir  B.  I.  MurcMson,  K.G.B.,  F.G.S.,  <^x. 

Lartet,  L.  Sur  la  Formation  du  bassin  de  la  mer  Horte  ou  lac 
Asphaltite  et  sur  les  changemcnts  survenus  dans  le  niveau  de  ce 
lac.     1865.     From  Sir  G.  Lyell,  Bart,  F.G.S.,  Sfc. 

Lariet,  E.  Sur  une  ancienne  station  humaine,  avec  sepulture  con- 

temporaine  des  grands  Mammiferes  fossiles  reputes  caracte'ristiques de  la  derniere  periode  geologique.     1861. 

Ledough.  Nuage  orageux  observe  sous  le  point  culminant  de 

I'Edough  pres  de  Bone.  1853.  From  Sir  B.  I.  MurcMson,  K.  G.B., 
F.G.S.,  Sfc. 

Lentillac,  E.  de.,  et  L.  Guilbert.  Rapport  sur  la  Double  presente 

a  la  Societe  d' Agriculture,  Sciences  et  Arts,  et  a  1' Association 
Mcdicale  de  la  Dordogne.     1863. 

Lesley,  J.  P.  N"ote  on  a  new  Lignite-deposit,  discovered  near  the Pond-bank  of  Mont  Alto  Furnace,  Franklin  County,  and  on  its 
relation  to  the  question  of  the  date  of  the  Appalachian  Chain. 
1865. 
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Lesley,  J.  P.  Petroleum.  Geological  Report  on  Lands  on  Paint 
Lick  Fork  of  Sandy  River,  in  Eastern  Kentucky.  1865.  From 
Sir  a  Lyell,  Bart.,  F.O.S.,  Sfc. 

Le  Yerrier,  U.  J.  Service  Meteorologique  des  Ports.  Lettre  a  M. 

Airy,  Astronome  Rojale  d'Angleterre.  1860.  From  Sir  R.  I. 
Murchison,  K.C.B.,  F.G.S.,  Sfc. 

Locke,  J.     On  the  Antiquity  of  Man.     1865. 

MacDermott.  Instructions  Nautiques  pour  les  principaux  ports  de 

la  cote  est  de  I'Amerique  du  Nord.  1864.  From  the  Depot  de  la Marine. 

Matteucci,  C.  Electro-Physiological  Researches.  4th  memoir.  The 
Physiological  Action  of  the  Electric  Current.  1846.  From  Sir 
B.  I.  Murchison,  K.C.B.,  F.G.S.,  Sfc. 

Meek,  F.  B.  Check-list  of  the  Invertebrate  Fossils  of  North  America. 
Miocene.     1864. 

  .       .   Cretaceous  and  Jurassic.     1864.     From  the  Smith- 
sonian Institution. 

Montagna,  C.  Generazione  della  Terra  metodicamente  esposta  con 
nuovi  principii  di  Geologia.  Ease.  5  &  6.  1865.  From  Sir  G. 
Lyell,  Bart.,  F.G.S.,  6fc. 

Moore,  C.  On  the  Zones  of  the  Lower  Lias  and  the  Avicula-contorta 
Zone.     1861.     From  Sir  R.  I.  Murchison,  K.G.B.,  F.G.S.,  Sfc. 

Morgan,  A.  de.  Contents  of  the  Correspondence  of  Scientific  Men 
of  the  17th  Century.  1862.  From  Sir  R.  I.  Murchison,  K.G.B., 
F.G.S.,  Sfc. 

Mortillet,  G.  de.     L'epoque  quaternaire  dans  la  vallee  du  Po.     1864. 

Les  Mystifies  de  I'Academie  des  Sciences,  defi  adresse  a  MM. Decaisue  et  Elie  de  Beaumont.     1865. 

Murchison,  R.  I.  Address  to  the  Geological  Section  of  the  British 
Association  at  Birmingham.     1865. 

Parker,  W.  K.,  T.  R.  Jones,  and  H.  B.  Brady.  On  the  Nomen- 
clature of  the  Foraminifera.     Part  xii.     1865. 

Perthes,  B.  de.  Antiquites  Celtiques  et  Antediluviennes.  Memoires 

sur  I'industrie  primitive  et  les  arts  a  leur  origine.    Yol.  iii.    1864. 

Ponzi,  G.  Storia  Naturale  dell'  Agro  Pontine.  1865.  From  Sir 
C.  Lyell,  Bart.,  F.G.S.,  Sfc. 

Pouchet,  G.  The  Plurality  of  the  Human  Race.  Translated  and 
edited  by  H.  J.  C.  Beavan.  1864.  From  the  Anthropological 
Society. 

Quetelet,  A.  Histoire  des  Sciences  Mathematiques  et  Physiques  chez 
les  Beiges.     1864. 
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Quetelet,  A.     Observations  des  Phenomenes  Periodiques  des  plantes 
et  des  animaux  pendant  les  annees  1861  et  1862.     1862. 

  .     Paroles  prononcees  lors  des  funerailles  de  M.  Jean  Kickx. 
1864. 

  .     Sur  la  Statistique  generale  des  differents  pays.     1861. 

Sur  le  systeme  decimal.     1861.     From  Sir  B.  I.  Murchison, 
K.O.B.,  F.G.JS.,  4fc. 

Recherches  sur  les  Chronometres  et  les  Instruments  Nautiques. 
Part  YII.     1864.     From  the  Depot  de  la  Marine. 

Eeport.  Annual  Report  of  the  Trustees  of  the  Museum  of  Compa- 
rative Zoology  at  Harvard  College,  in  Cambridge,  together  with 

the  Report  of  the  Director,  1864.     1865. 

— .  Quarterly  Report  of  the  Meteorological  Society  of  Scotland ; 
for  the  quarter  ending  December  31,  1859.  1860.  From  Sir 
JR.  I.  Murchison,  K.C.B.,  F.G.S.,  Sfc. 

—— .  Report  of  the  Director  of  the  Geological  Survey  of  Yictoria 
for  the  period  from  June  1863  to  September  1864,  with  Appen- 

dices.    1865.     From  A.  B.  G.  Selwyn,  Esq. 

— .  Report  of  the  Progress  of  the  Geological  Survey  of  Canada 
for  the  year  1852-53.  1854.  From  Sir  B.  I.  Murchison,  K.  C.B., 
F.G.S.,  Sfc. 

— .     Report  of  the  Trustees  of  the  Montreal  Mining  Company  to 
the  Shareholders.     1846.     From  Sir  B.  I.  Murchison,  K.G.B., 
F.G.S.,  Sfc. 

Results  of  Meteorological  Observations   made   under   the 
direction  of  the  United  States  Patent  Office  and  the  Smithsonian 

Institution,  from  the  year  1854  to  1859,  inclusive,  being  a  Report 
of  the  Commissioner  of  Patents  made  at  the  Pirst  Session  of  the 

36th  Congress.  Vol.  ii.  Part  1.  1864.  From  the  Smithsonian 
lution. 

Second  Report  of  the  Commissioners  for  the  Exhibition  of 
1851,  to  the  Right  Hon.  S.  Horatio  Walpole.     1852. 

Third  Report  of  the  Commissioners  for  the  Exhibition  of 
1851,  to  the  Right  Hon.  Sir  George  Grey,  Bart.     1852.     From 
Sir  B.  I.  Murchison,  K.C.B.,  F.G.S.,  Sfc. 

Beuss,  A.  E.     Zur  Eauna  des  deutschen  Oberoligocans.     1864. 

  .    Zwei  neue  Anthozoen  aus  den  HaUstadter  Schichten.    1865. 

Bomanofshi,  G.    On  Geological  Researches  in  Central  Russia.    1863. 

Schvarcz,  J.  A  Gorogok  Holdja  pericles  koraban  s  valami  a  demo- 
critfele  tejutrol.  1861.  From  ̂ ir  B.  I.  Murchison,  K.C.B., 
F.G.S.,  Sfc. 
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Sella,  Q.  Sulle  forme  cristalline  di  alcuni  sali  derivati  dairAmmo- 
niaca.     1861.     From  Sir  R.  I,  Murchison,  K.C.B.,  F.G.S.,  ̂ c. 

Silliman,  B.  Address  before  the  Association  of  American  Geologists 
and  Naturalists.  1842.  From  Sir  E.  L  Murchison,  K.C.B., 
F.G.S.,  Sfc. 

Consistency  of  the  discoveries  of  Modern  Geology  with  the 
Sacred  History  of  the  Creation  and  the  Deluge.     1833.     From 
Sir  B.  I.  Murchison,  K.G.B.,  F.G.S.,  Sfc. 

Sismonda,  E.  Appendice  alia  descrizione  dei  Pesci  e  dei  Crostacei 
fossili  nel  Piemonte.  1861.  From  Sir  B.  I.  Murchison,  K.C.B.f 
F.G.S.,  Sfc. 

Smith,  E.  Experimental  Inquiries  into  the  Chemical  and  other 
Phenomena  of  Eespiration,  and  their  Modifications  by  various 
Physical  Agencies.  1859.  From  Sir  B.  I.  Murchison,  K.C.B., 
FG.S.,  Sfc. 

Smithsonian  Institution.  Smithsonian  Contributions  to  Knowledge. 
Vol.  xiv.     1865. 

Staring,  W.  C.  H.  Over  de  herkomst  van  het  Grind  Onzer  Rivieren. 
From  Sir  B.  I.  Murchison,  K.G.B.,  FG,S.,  Sfc. 

Suess,  E.  Ueber  die  Cephalopoden-Sippe  Acanthoteuthis,  E,.  Wagn. 
1865. 

Torell,  0.  Bidrag  till  Spitsbergens  Molluskfauna  jemte  en  allman 
ofversigt  af  Arktiska  Eegionens  naturforhallanden  och  forntida 
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peculiarities  of  the  Avicula-contorta  series  at  their  most  westerly 

boundary  in  Great  Britain ;  to  discuss  the  "  Sutton  Stone  "  as  to  its 
stratigraphical,  lithological,  and  palseontological  relations;  to  show 
from  organic  remains  that  its  affinities  are  with  the  Triassic  forma- 

tion, and  not  with  the  Lias  as  commonly  supposed,  and  then  to  claim 
it  as  Rhaetic,  and  in  so  doing  to  extend,  for  the  first  time  in  England, 
the  range  of  Ammonites  down  into  the  Ehsetic  series. 

At  the  Bath  Meeting  of  the  British  Association  for  1864,  Sir  R. 
I.  Murchison  announced  the  presence  of  the  argillaceous  limestones 
and  shales  of  the  Rhsetic  series  in  a  small  outlier  of  Lias  (as  mapped) 
close  to  Pyle  Station  (west  of  Bridgend) ;  and  having  in  this  way  had 
my  attention  directed  to  the  subject,  I  found  that  the  Avicula-contorta 
strata  were  widely  extended  in  this  district ;  and  as  they  show  some 
peculiarities  here,  I  will  begin  by  a  few  remarks  on  these  beds. 

2.  Pyle  district. — The  above-mentioned  patch,  sufficiently  described 
by  Mr.  Bristow*,  consists  of  buff-coloured  marls  and  greyish-brown 
shales  and  limestones,  which  last,  from  their  appearance  and  con- 
choidal  fracture,  remind  one  of  the  Gotham  marble :  these  are  pro- 

bably high  in  the  series ;  they  are  mapped  as  lying  on  the  Keuper. 
A  few  hundred  yards  south  of  this  we  reach  the  southern  limit  of 

the  Keuper  in  this  district.  It  consists  of  red  marls  with  buff  and 
green  marls  resting  upon  them ;  the  same  conditions  occur  at  the 
base  of  the  Ehaetic  series  at  Wenvoe,  Barry  Island :  and  besides  this, 
there  is  very  little  of  the  New  Red  series  in  this  district ;  what  has 
been  hitherto  called  Keuper  is  much  of  it  Rhsetic. 

I  am  obliged  to  dissent  from  the  opinion  expressed  by  Sir  H.  De  la 

Beche  in  his  comprehensive  and  admirable  memoir  on  the  "  Forma- 
tion of  Rocks  in  South  Wales"t,  that  the  sandstones  near  Pjde  church 

are  inferior  to  the  red  marl  lately  spoken  of :  the  district  is  more 
broken  by  faults  than  is  expressed  in  the  map  of  the  Geological 
Survey ;  and  this  may  have  caused  some  ambiguity. 

The  sandstones  at  the  base  (10-12  feet  thick)  are  in  places  much 
weathered,  the  iron  being  changed  to  peroxide,  and  the  mass  crum- 

bling to  rusty  sand  under  the  hammer ;  others  are  unoxidized  and 

harder,  namely  the  pale-green  or  yellow  thick  sandstones,  affording 
when  dry  a  good  building- stone :  some  of  these  beds  are  very  similar 
to  the  white  Keuper  sandstones  near  Bridgend.  Above  these  are  hard, 
green- and- white  mottled  and  purple  marls.  These  belong  to  the 
Avicula-contorta  series,  and  not  to  the  Keuper.  The  search  for  fossils 
is  frequently  unsuccessful  here,  from  the  oxidation  of  the  beds,  due 
to  exposure  to  moisture  and  air.  On  the  quarry-refuse  heaps  are 
found  great  numbers  of  a  small  species  of  Natica  crowded  together 
by  hundreds ;  Anatina  prcecursor  also  is  abundant.  The  fossils  of 
these  sandstones,  which  are  exceedingly  fossiliferous  on  Stormy 
Down  and  near  Laleston  are 

Myophoria  postera, 
Natica  Pylensis, 
Anatina  precursor, 
Modiola  minima, 

Saurichthys  apicaHs, 
Acrodus  minimus, 
Avicula  contorta, 

Axinus  elongati 
  depressus, 
  cloacinus. 

*  Eeport  Brit.  Assoc,  Bath,  1864,  Trans.  Sections,  p.  60. 
t  Memoirs  of  the  Geological  Siu'vey,  vol.  i.  p.  252. 
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Since  commencing  this  paper,  a  pit  sunk  for  sand  on  Stormy  Down 
revealed  the  following  section  (this  excavation  has  since  been  again 
partly  filled  up ) : — At  the  base  were  seen  6  feet  of  the  pale-green 
and  white  sandstones ;  these  were  extremely  fossiliferous  (a  speci- 

men from  these  beds  is  presented  to  the  Society) :  above  were  green 
laminated  marls  containing  Avicula  contorta,  and  then  yellow  sands 
and  sandstones  (about  6  feet). 

3.  Bridgend  district. — Though  fossils  were  perfectly  conclusive  as 
to  the  true  nature  of  the  above  beds,  yet  the  following  section  is  of 
great  interest  as  showing  their  relation  to  the  Rhoetic  shales  and  bone- 
bed.  This  section  is  on  the  south  side  of  the  South  Wales  Railway- 
cutting  at  Cwrt-y-Coleman,  about  a  mile  and  a  half  west  of  Bridgend. 

At  the  base  are  seen  8  or  10  feet  of  white  or  yellowish  massive 
sandstone  with  a  few  small  rounded  quartz  pebbles.  I  have  not 
found  fossils  in  this  bed,  except  coprolites  at  the  top  of  it,  but 
I  believe  it  may  be  of  Ehsetic  age ;  and  it  is  probable  that  it  will  be 
found  to  be  fossiliferous,  as  it  contains  brown  stains  and  marks  of 
organic  matter,  and  in  this  and  general  structure  is  like  some  of 
the  beds  at  the  top  of  the  section.  It  may  probably  be  of  these 
sandstones  that  Sir  H.  De  la  Beche  notices  travelled  blocks  on  the 

western  part  of  ISTewton  Down  * ;  he  describes  it  as  a  quartz  rock 
(between  Pyle  and  Bridgend),  with  the  grains  of  white  quartz  firmly 
bound  together  by  nearly  colourless  silica. 

Above  this  are  about  3  feet  of  shales,  including  a  curious  marly 
limestone,  grey  and  green  in  colour,  the  grey  part  of  which  is  very 
full  of  shells  and  sheU-fragments  :  the  fracture  of  this  bed  is  con- 
ehoidal,  so  that  the  shells  are  nearly  always  broken  across.  Above 
this  is  a  siliceo- micaceous  limestone  from  2  to  3  inches  thick,  with 
irregular  marly  surfaces :  this  is  the  true  representative  of  the  Aust 
bone-bed.  On  splitting  off  the  exterior  laminae  of  this  bed  a  multi- 

tude of  teeth  of  Acrodus  and  Hyhodus  and  fish-scales  are  seen.  I 
have  also  found  a  reptilian  bone.  The  remains  I  have  noticed  in 
this  bed  are 

Saurichthys  apicaUs,         Gyrolepis  tenui- 
  acuminatus,  striatus, 
Acrodus  minimus,    alberti, 
  acutus,  Hybodus  minor  {Ag.), 

This  bed  is  not  conglomeratic,  beyond  an  occasional  rolled  quartz 
pebble,  but  is  a  fine-grained  tough  micaceous  limestone. 

I  was  ignorant  at  the  time  of  this  discovery  that  the  bone-bed  had 
been  found  so  far  west  as  St.  Hilary,  nine  miles  east  of  Bridgend. 

Above  the  bone-bed  come  dark  shales,  3  feet;  then  a  chocolate- 
coloured  soft  sandstone-bed  (1  inch)  containing  Avicula  contorta,  Pec- 
ten  Valoniensis ;  then  shales,  3  inches  ;  then  three  beds  of  siliceous 

limestones  with  fish-scales,  Anomia,  &c.;  these  beds  change  their 
conditions  somewhat  at  different  parts  of  the  section,  being  more 
sandy  in  places  or  again  thin  out  into  shale  ;  above  are  9  feet  of 
shales,  marls,  and  sandstones  ;  and  then  17  feet  of  white  and  pale- 
green  and  yellow  sandstones  and  sands. 

*  Loc.  cit.  p.  252. 
g2 

Hybodus  cuspidatus  {Ag?), 
  orthoconus  (Plien.), 
  plicatilis  (Ag.), 

and  scales  of  other  species. 
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These  beds  represent  the  black  shales  and  argillaceous  limestones 
above  the  bone-bed  at  Penarth,  &c. 

The  abundance  of  silica  and  comparative  scarcity  of  calcareous  and 
aluminous  matter  here,  as  compared  with  the  sections  of  Penarth  or 
the  west  of  England,  is  noticeable ;  the  explanation  no  doubt  lies  in 
the  proximity  of  this  series  to  or  upon  the  Palaeozoic  rocks  of  Car- 

marthenshire, Brecknockshire,  Cardiganshire,  and  North  Wales,  with 
their  sandstones  and  grits. 

Though  a  fault  is  now  the  boundary  of  the  Khcetic  series  north- 
wards, it  perhaps  nearly  corresponded  with  the  shore  of  the  Ehsetic 

sea,  the  rivers  running  into  which  drained  large  Palseozoic  areas. 
That  the  water  was  shallow  is  probable  from  the  varied  conditions  of 
the  bedded  sandstone  in  a  small  area  round  this  district ;  moreover 
the  abundance  of  sand  and  not  mud  shows  the  probable  deposition 
near  a  shore.  That  it  coincided  with  some  shore  and  system  of 
islands  at  the  close  of  the  Bunter  period  we  know  from  the  disposi- 

tion of  the  Magnesian  Conglomerate  in  this  area. 
We  may  suppose  that  there  has  been  no  great  extension  either  of 

the  Eh^tic  or  Keuper  series  northward  on  the  Coal-measures ;  or 
more  cases  similar  to  that  described  by  Sir  H.  de  la  Beche  near 
Bridgend,  of  Trias  resting  on  Coal,  would  have  occurred.  The  great 
denudation  of  the  Coal-measures  took  place  before  the  deposition  of 
the  secondary  rocks  here ;  and  perhaps  denuding  forces  have  been 
comparatively  passive  since. 

4.  Keuper  near  Bridgend. — North  of  Bridgend,  one  mile  and  a  half 
on  either  side  of  the  river  Ogmore,  are  white  Keuper  sandstones 
showing  very  similar  characters  to  some  of  the  Avicida-contorta 
sandstones :  these  yield  a  stone  well  fitted  for  architectural  purposes, 
being  soft  but  durable.  At  the  quarry  here  there  are  25  feet  of  pale- 
green  or  white  Keuper  sandstones  capped  by  6  feet  of  green  sandy 
marls  (Ehsetic  ?).  These  sandstones  must  be  at  the  base  of  tho 
Keuper. 

5.  Sutton  Stone. — I  come  now  to  the  consideration  of  the  Sutton 

Stone.  This  is  spoken  of  by  Sir  H.  De  la  Beche  *  as  a  "  whitish 
variety  of  the  Lias."  He  notices  that  it  commences  with  a  white 
conglomerate  enclosing  pebbles  of  Carboniferous  Limestone,  upon 
which  formation  the  Sutton  Stone  is  seen  to  lie,  and  particularly 
well  on  the  coast  between  Sutton  and  West  farmhouses,  and  again 
at  Dunraven  Point.  He  notices  the  grey  Lias  above  these  beds,  and 
draws  attention  to  the  conglomeratic  character  of  the  Lias  around 
Langan. 

These  beds  I  now  claim  as  Khsetic,  and  would  unquestionably 
separate  from  the  Lias.  As  developed  on  the  coast,  they  are  between 
80  and  90  feet  in  thickness:  to  the  lower  half  of  this  the  term 

"  Sutton  Series  "  may  apply ;  and  for  the  upper  half  I  propose  the 
name  of  "  Southernclown  series,"  as  they  are  best  seen  in  the  fine 
cliff- exposure  under  the  hamlet  of  Southerndown. 

6.  Sutton  Series. — The  term  "  Sutton  Stone  "  is  generally  applied 
to  the  white  and  softer  beds  or  freestones  which  are  used  for  architec- 

*  Loc.  cit.  p.  272. 
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tui'al  purposes.  The  beds  differ  mucla  in  texture :  some  are  fine- 
grained white  limestones,  others  are  softer  and  very  shelly ;  some  are 

yellowish-white,  and  at  the  upper  part  are  pale-grey  and  become  gra- 
dually harder.  All  these,  together  with  the  white  conglomerate  at  the 

base,  I  include  in  the  Sutton  series  :  the  characters  of  whiteness  and 

softness  are  only  gradually  lost,  the  pale-grey  beds  being  equally 
fossihferous,  and  in  fact  the  top  beds  differ  only  by  being  darker 
and  harder. 

The  Sutton  series  is  seen  lying  on  the  Carboniferous  Limestone 
along  the  coast  from  the  mouth  of  the  river  Ogmore  to  the  Southern- 

down  clifi's,  and  is  again  brought  up  by  a  fault  at  Dunraven,  where  it forms  the  Point  arching  over  the  Carboniferous  Limestone.  Between 
Sutton  and  West  the  Carboniferous  Limestone  is  approximately  hori- 

zontal ;  and  there  is  apparent  conformability  between  it  and  the 
white  conglomerate  which  begins  the  Sutton  series ;  further  on 
towards  Southerndown  the  Carboniferous  Limestone  dips  at  about  an 

angle  of  45°,  while  the  Sutton  series  is  still  nearly  horizontal :  this  is 
also  the  relation  of  the  beds  at  Dunraven  Point ;  immediately  after 
this  the  Sutton  and  Southerndown  series  disappear  beneath  the  Lias 
and  the  sea. 

The  conglomerate  at  the  base  consists  of  rolled  pebbles  of  Car- 
boniferous Limestone  very  numerously  imbedded  with  occasional 

pieces  of  chert  in  a  soft,  fossiliferous,  white  matrix.  The  fossils 
most  abundant  in  this  bed  are 

Lima  tuberculata, 
PHcatula  intusstriata, 
  acuminata. 

Ostrea  laevis, 
Cardita  rhomboidalis, 
Corals. 

The  included  fragments  of  Carboniferous  Limestone  are  seen  to  con- 
tain SpirifercB,  Productce,  &c. 

Some  of  the  corals  may  be  derived  from  the  Carboniferous  Lime- 
stone, for  that  formation  here  is  seen  to  be  full  of  corals  weathered 

out  on  the  surfaces  of  the  beds  by  the  action  of  the  sea  and  at- 
mosphere ;  the  other  species  are  not  derived.  This  conglomerate 

is  4  feet  thick. 

Above  this  come  the  white  and  pale -yellow  freestones  ;  many  of 
these  beds  contain  shattered  fragments  of  black  chert,  frequently  col- 

lected together  in  bands.  The  source  of  these  abundant  chert-masses 
is  probably  the  Carboniferous  Limestone.  At  Dunraven  Point  the 
Carboniferous  Limestone  is  seen  to  contain  bands  of  this  black  chert  as 

well  as  large  ramifying  spongiform  masses.  Another  noticeable 
character  of  the  series  is  the  curious  sutural  junction  of  many  of  the 
beds,  the  appearance  being  of  miniature  basalt-like  columns,  pro- 

ceeding from  a  few  inches  deep  in  one  bed  upwards  for  the  same 
height  into  that  immediately  above  ;  this  is,  doubtless,  of  stalactitic 
origin;  the  structure  may  sometimes  be  seen  passing  through  a 
fossil  and  distorting  it  more  or  less. 

The  presence  and  dissemination  of  Galena  through  these  beds  is 
also  to  be  noticed.  Sir  H.  De  la  Beche  notices  it  as  occurring  in 

the  plants  of  the  Lower  Lias  (sic)  here  *  ;  this  may  probably  be  in 
*  Loc.  cit.  p.  273,  in  note. 
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the  lignite  associated  occasionally  with  the  Sutton  and  Southern- 
down  series,  as  I  believe  the  Galena  is  confined  almost  entirely  to 
these  beds  ;  it  occurs  in  disseminated  crystals  and  small  strings,  but 
not  in  workable  veins. 

It  is  plentifully  scattered  at  Sutton  and  along  the  coast,  and  has 

before  been  noticed  at  Candleston  *,  where  an  attempt  was  made  to 
work  it.  A  more  recent  failure  is  that  of  Langan :  a  shaft  was 
sunk  and  buildings  half  erected  before  the  attempt  was  abandoned ; 
this  shaft  passes  through  parts  of  the  grey  series,  showing  the  rock 
to  be  a  fine  conglomeratic  mixture  of  small  flint-fragments  with  cal- 

careous matter,  and  it  reaches  to  the  white  series. 
These  beds  are  very  fossiliferous  ;  I  have  obtained  from  them 

some  species  new  to  Britain,  and  others,  which  are  described  in  the 
sequel.  Owing  to  the  porous  nature  of  the  rock,  the  original  shell- 
substance  of  the  fossils  is  often  dissolved  away  ;  this  has  added  much 
difficulty  to  the  determination  of  the  species. 

The  most  characteristic  and  common  fossils  are  Pecten  Suttonensis, 
Ostrea  multicostata,  a  Muscheikalk  species,  Lima  tuherculata,  a 
coral.  Patella  Suttonensis,  PUcatula  intusstriata,  and  P.  acuminata. 

The  Sutton  Stone  was  formerly  apparently  more  appreciated  as  a 
building- stone  than  it  is  now ;  it  was  used  in  several  Norman  castles 
in  the  county,  having  been  conveyed  considerable  distances  by  land  : 
it  was  also  used  in  Neath  Abbey  (the  characteristic  fossils  may  be 
seen  in  stones  lying  about  the  ruins),  and,  I  am  told,  in  Swansea 
Castle  ;  to  these  it  was,  no  doubt,  taken  by  water. 

Besides  the  Sutton  quarries,  which  are  still  worked,  there  is  a 
good  quarry  east  of  Tythingstone  church  which  has  not  been  used 
for  a  long  time,  but  from  which  much  good  stone  has  been  taken. 

7.  SoutJierndown  Series. — As  the  term  Sutton  Stone  is  applied  only 
to  the  building- stones,  I  have  divided  off  the  rest  of  the  series  which 
intervenes  before  the  commencement  of  the  Lias  here ;  and,  for  con- 

venience of  reference,  I  call  it  the  Southerndown  series ;  this  has 
hitherto  been  regarded  as  Lias. 

At  the  base  we  have  a  bed  of  chert-gTavel,  or  rough  shale  full  of 
small  fragments  of  chert,  together  with  larger  pieces ;  it  is  9  inches 
thick.  This  physical  line  may  be  also  said  to  separate  the  softer, 
more  fossiliferous,  and  whiter  beds  below,  from  the  harder,  darker, 
and  perhaps  less  fossiliferous  beds  above. 

As  this  series  is  not  worked  at  all  on  the  coast,  nor  much  quarried 
inland,  our  knowledge  of  its  fossils  is  much  less  full ;  however, 
PUcatula  intusstriata  occurs  throughout  it. 

This  series  differs  lithologically  from  the  Sutton  Stone  in  the 
beds  being  much  harder  and  more  irregularly  bedded,  and  they  are 
frequently  subcrystalline  and  separated  by  thin  arenaceous  part- 

ings ;  again,  the  fragments  of  black  chert  are  more  sparingly  scat- 
tered. On  the  other  hand,  it  differs  from  the  Lower  Lias  beds — 

which  are  earthy  limestones  separated  generally  by  argillaceous 
shales,  having  no  fragments  of  black  chert,  and  not  being  conglo- 

meratic. The  two  series  differ  also  entirely  in  their  fossils. 
*  Loc.  cit.  p.  273,  in  note. 
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Fig.  1. —  Vertical  Section  of  Southerndown  Cliff. 

Am.  Conybearii. 

Gryphaea  incurva. 

Pholadomya  glabra. 
Am.  Buckiandi. 

Grey  argillaceous ■     limestones  and 
shales. 

Pale  smooth  argillaceous  limestone. 
'feaL  Coarse  granular  shale,  with  cherts. 

Pale-yellowish  crystalline  limestone. 

Pale-brownish  hard  limestone. 

      Hard    siliceous    limestones,    with 
—~-^^-     occasional  partings.    Lignite. 

-•-=f  Chemnitzia, 

Dark-grey  crystalline  limestone  (occa- 
H      sional  fragments  of  black  chert). 

Granular  parting,  with  chert  frag- 
ments. 

Hard  grey  tough  limestones  (black 
chert  in  places).    Pinna. 

Grey  limestones,  with  very  thin  part- 

Irregular  hard  grey  limestones. 

^  Vfeyy^jtfig^^^g^  Coarse  granular  shales  and  fine  con- 
glomerate. 

Hard  grey  granular  beds. 

Pale-grey  shelly  beds. 

White   or  pale-yellow  soft  lime- 
stones, sheUy. 

rt Fine-grained  white   limestones, 
with  bands  of  chert  at  intervals. 

f  Discina  Suttonensis,  Modiola, 
Lima  planicosfafa,  Cardinia 

■{  Suttonensis,  Pecten  Suttonen- 
I  sis,  Ostrea  multicostata,  Car- 

{  dita. Conglomeratic  band  of  chert. 

White  conglomerate. 

Coarse  white  conglomerate,  with 
Carboniferous  Limestone  peb- 
bles. 

(M 

M 

',y^ 



76  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [DcC.  6, 

Sometimes  among  the  beds  of  this  series  may  be  seen  a  paler,  softer, 
and  shelly  bed,  showing  a  sort  of  return  to  the  conditions  of  the 
lower  beds. 

This  series  I  have  estimated  as  50  feet  thick,  having  measured 
it  bed  by  bed  along  the  coast  west  of  Dunraven  ;  it  extends  here  a 
distance  of  about  one  mile  and  a  half,  forming  low  anticlinals,  but 
dipping  on  the  whole  east  of  south.  There  is  some  uncertainty  in 
this  estimate,  from  the  presence  of  three  small  faults,  for  which  I 
have  allowed  4|,  4|,  and  8|  feet  respectively,  the  downthrow  being 
to  the  east. 

About  16  feet  down  occurs  a  bed  with  a  great  number  of  large 
Chemnitzice;  the  wearing  action  of  the  sea  has  formed  sections 
through  the  columellse  of  many,  as  they  lie  horizontally  imbedded  in 
the  limestone  .terrace  below  high-water  mark.  Owing  to  the  hard- 

ness and  toughness  of  the  beds,  I  have  been  unable  to  obtain  spe- 
cimens. 

The  uppermost  bed  of  the  series,  which  I  take  as  the  line  of 
demarcation  from  the  Lias,  is  a  bed  of  conglomerate  composed  of 
chert-gravel  with  arenaceous  matter,  4  to  8  inches  thick,  loosely 
held  together ;  the  fossils  of  this  bed  are 

Plicatula  intusstriata  (abun- dantly), 

Modiola  minima, 
Ostrea  leevis, 

Ostrea  liassica, 
Pentacrinus, 

Cidaris-spines. 

Above  this  boundary-parting  is  a  bed  of  smooth,  pale-grey,  con- 
choidal  limestone,  containing 

Ostrea  Hassica,  I  Modiola  minima. 
Pholadomya  glabra,  J 

Above  this  begins  the  Ammonites-BucHandi  series  (the  Planorbis- 
beds  being  absent)  with  shale  and  argillaceous  limestone  containing 
Oryphcea  incurva,  Myacites  unionides,  Cidaris  (the  same  as  that 
occurring  at  the  top  of  the  Ehsetic  series,  and  probably  Cidaris 
Edwardsii). 

Then,  about  3  feet  up,  GrypJicBa  incurva  occurs  socially  in  dozens, 
with  Ammonites  Conybeari,  A.  rotiformis,  A.  Bucldandi,  Lima, 
Pholadomya  amhigua,  &c. 

At  Dunraven  Point  the  Carboniferous  Limestone  dips  at  an  angle 

of  43°,  while  the  Sutton  series  lies  in  a  gently  curved  arch  upon 
it.  The  Sutton  series  here  is  40  feet  thick,  the  same  thickness  as 
near  West,  but  the  grey  or  Southerndown  series  is  scarcely  one 
quarter  of  its  former  thickness;  there  is  a  small  fault  here  also. 

The  chief  fossils  which  I  have  found  in  the  Southerndown  beds 
are 

Pecten  Suttonensis, 
Lima  Dunravenensis, 
Pinna  papyracea, 

Plicatula  intusstriata, 
  acuminata, 
Ostrea  multicostata, 
Ostrea  Itevis, Inoceramus  Eamsayi, 

These  are  enumerated  in  a  tabular  list  as  they  occur  in  some  of  the 
chief  localities  of  this  district  (see  infra,  p.  79). 
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8.  The  position  of  the  Sutton  Stone. — Having  been  struck  by  the 
presence  of  Plicatula  intusstriata  in  the  Sutton  stone,  a  shell  ac- 

knowledged to  be  characteristic  of  the  Ehsetic  series,  and  never,  I 

believe,  really  found  out  of  it*,  I  convinced  myself  by  diligent 
search  that  the  usual  Liassic  species  of  Ammonites,  &c.,  were  ab- 

sent from  these  beds,  while  those  fossils  that  were  present  had  many 
of  them  either  been  noticed  in  the  Ehaetic  beds  of  the  Continent  or 

showed  strong  affinities  to  the  Upper  Triassic  fauna.  This  part  of 
the  series  was  therefore  no  longer  to  be  considered  Liassic. 

It  now  became  necessary  to  find  the  boundary  between  the 
Ehsetic  and  Liassic  series.  By  examining  the  range  of  the  charac- 

teristic species,  Ostrea  multicostata  and  Pecten  Suttonensis,  I  observed 
that  they  ceased  vertically  at  a  line  generally  marked  by  litho- 
logical  characters. 

The  Southerndown  series  as  here  restricted  must  therefore  be 

taken  from  the  Lias.  The  sections  seen  in  the  valley  between  Bridgend 
and  Pyle,  and  through  which  the  South  Wales  Eailway  runs,  are 
perfectly  conclusive  as  to  the  non-Liassic  nature  of  the  white  or 
Sutton  series. 

Near  Cwrt-y- Coleman,  &c.,  we  find  7  feet  of  white  shelly  lime- 
stones covered  by  4  feet  of  mottled  green  and  yellow  marls,  and 

2  feet  of  purple-red  marls.  In  the  Sutton  limestone  here,  Myo- 
phoria  postera  is  found  with  Turritella  and  other  shells,  of  which 
I  have  only  bad  specimens.  The  marls  are  Rhaetic,  and  are  very 
similar  to  those  noticed  near  Pyle  church  ;  they  may  be,  perhaps, 

the  same  as  occur  at  the  base  of  the  "  Stormy  Lime  and  Cement 
Works,"  on  the  South  Wales  Railway. 

At  the  base  of  these  works  are  9  feet  of  dark  and  pale-green  marls ; 
above  are  the  Avicula-contorta  shales  (1-i-  feet),  with  Pecten  Valo- 
niensis,  &c. ;  above  this  are  pale-grey,  smooth  limestones,  sepa- 

rated iDy  dark  brown-grey  shales,  which  are  the  equivalents  of  the 
White  Lias  of  the  West  of  England.  The  fossils  here  are  fish- 
scales  and  the  following  shells : — 

Monotis  decussata,  I  Plicatula  intusstriata, 
Modiola  minima,  |  Ostrea  liassica, 

and  a  Gardinia,  which  also  occurs  in  the  White  Lias  of  Saltford. 
Above  are  argillaceous  limestones,  with  Ostrea  liassica  and  Mo- 

diola minima.  The  Ostrea-series  is  well  developed  in  the  neigh- 
bourhood. 

Another  interesting  section  is  seen  half  a  mile  north  of  the  last, 
at  French  Quarry.  The  Rhaetic  series  here  consists  of  white  shelly 
limestones  and  green  marly  bands.  Monotis  decussata  and  Axinus 
cloacinus  are  very  abundant;  and  Ostrea  liassica  is  seen  to  begin 
here  in  the  Rhsetic  beds,  and  gradually  increase  in  numbers  until 

it  reaches  its  climax  in  the  ''  Ostrea-beds  "  (Lower  Lias). 
Again,  in  Laleston- churchyard  Quarry  part  of  the  Sutton  lime- 

^  I  ha^e  lately  heard  that  Plicatula  iritusstriata  has  been  found  attached  to 
GryphcBa  incurva  from  the  Ammonites-Bucklandi  beds.  I  have  net,  however,  seen 
the  specimen. 
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stones  are  seen  beneath  the  Monotis-beds,  Monotis  decussata  being 
characteristic  in  the  West  of  England  of  a  zone  near  the  top  of 
these  beds. 

In  the  shales  here  occur  the  spines  and  portions  of  the  test  of  an 
Echinoderm  (Hemipedina  ?) :  the  same  species  occurs  at  Stormy. 
The  presence  of  cubic  crystals  of  Galena  in  the  shales  is  also  note- 

worthy. This  same  section  may  be  seen  also  north  of  Bridgend,  on 
the  Tondu  road. 

It  will  be  seen  from  the  foregoing  sections  how  varied  are  the 
conditions  of  the  Ehaetic  series  within  a  small  area.  The  Pyle 
valley,  enclosed  between  the  two  east  and  west  faults  mentioned  by 

Sir  H.  De  la  Beche  *,  is  much  broken  by  lesser  faults ;  and  to  these 
is,  no  doubt,  due  the  fragmentary  nature  of  the  evidence  as  to  the 
sequence  of  the  beds.  I  am  unacquainted  with  any  section  which 
shows  the  position  of  the  Avicula-contorta  sandstones  in  relation  to 
the  Sutton  and  Southerndown  series. 

We  have  seen  that  some  of'  the  Sutton  limestone  appears  to  be 
below  the  Monotis-beds,  which  contain  also  Axinus  elongatus ;  they 
are  also  below  green  and  purple  marls  (page  77  swprd).  If  the  green 

marls  in  the  Stormy  cement-works'  section  be  the  same  as  those 
mentioned  near  Cwrt-y-Coleman,  &c.,  we  have  a  key  to  the  posi- 

tion of  the  Sutton  limestones ;  they  would  be  below  shales  containing 
Avicula  contorta.  We  stiU,  however,  require  the  exact  relation  of 
the  Southerndown  to  the  Avicula-contorta  series. 

We  have  yet  to  consider  the  evidence  of  fossils.  And,  first,  the 
absence  of  Avicula  contorta  from  the  Sutton  series  (a  shell  which  is 
found  everywhere,  in  sandstones,  limestones,  and  shales)  would  seem 
to  point  to  more  than  a  mere  change  in  the  sea-bottom — namely,  to 
a  different  horizon  in  time.  Moreover  we  can  scarcely  consider  the 
Sutton  and  Avicula-contorta  series  contemporaneous,  as  they  are  found 
in  close  proximity.  I  believe  it  probable  that  the  Sutton  series  was, 
at  any  rate,  slightly  anterior  in  time  to  the  Avicula-contorta  series.. 
This  seems  likely  from  its  physical  aspect  and  the  abundance  in  the 
former  of  Ostrea  multicostata,  a  characteristic  Muschelkalk  species, 
but  which  has  been  noticed  from  the  InfraKas  of  Luxembourg  by 
Terquem ;  while,  on  the  other  hand,  the  abundance  of  Plicatula  in- 
tusstriata,  the  affinities  of  the  Pectines,  Limae,  and  Cardiniae,  show 
that  it  must  be  included  in  the  Rhaetic  series.  The  presence  of 
Ammonites  is  very  remarkable :  there  seem  to  be  two  species  pre- 

sent, at  any  rate.  My  specimens,  however,  are  very  imperfect. 
The  great  paucity,  if  not  entire  absence,  of  Brachiopoda,  as  com- 

pared with  the  foreign  beds,  is  also  remarkable.  The  Sutton  beds 
cannot  be  regarded  as  equivalents  of  the  White  Lias  of  the  West  of 
England. 

The  Southerndown  series  seems  to  have  been  formed  under  much 

the  same  circumstances  as  that  of  Sutton,  but  in  deeper  water  in 
an  area  of  depression  upon  the  Carboniferous  Limestone  of  this  area. 
The  same  is  the  case  also  with  the  analogous  beds  on  Broadfield 
Down,  near  Bristol,  whose  similarity  of  condition  was  noticed  by 

*  Loc.  cit.  p.  238. 
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Sir  H.  De  la  Beche*.  I  have  no  doubt  that  these  beds  are  also 

Rhaetic  ;  they  are  conglomeratic  in  places,  enclosing  Carboniferous - 
limestone  fossils  ;  and  they  are  precisely  similar  to  the  Sutton  con- 

glomerate. I  have  found  in  them  Plicatula  intusstriata,  a  Cardinia 

like  the  one  at  Stormy  (page  77  supra),  and  an  Aixa  abundantly  as 
casts.  Except  Ostrea  Uassica  (?)  and  Modiola  minima  (?),  the  Lias 
fossils  seem  absent. 

I  am  greatly  indebted  to  my  friend  Mr.  W.  Saunders,  F.R.S.,  of 
Bristol,  for  the  inspection  of  his  collection  from  the  curious  white 
and  siliceous  modifications  of  Lias  (spoken  of  by  Buckland  and 
Conybearet)  at  Chewton  Mendip,  East  Harptree,  Shepton  Mallet,  &c. 

An  examination  of  these  fossils  leaves  no  doubt  on  my  mind 

that  they  are  for  the  most  part  E-hsetic ;  some  of  them  vrere — 

From  Shepton  f  Pecten  Sutton  ensis, 
Mallet.  \  Lima  tuberculata. 

From    Chewton,    f  Ostrea  multicostata, 
Mendip,     and    \  Monotis  decussata, 
East  Harptree.   [  Axinus  elongatus. 

9.  Middle  Lias. — As  it  is  not  expressed  on  the  map,  I  may  remark 
that  the  upper  part  of  the  Bridgend  Eailway-section  is  Middle  and 
not  Lower  Lias.  This  is  shown  by  the  presence  of  Ammonites  spi- 
natus,  Gryphcea  cymhium,  Avicula  inoequivalvis,  Pecten  suhlcevis,  and 
P.  dentatus,  Belemnites,  &c. 

10.   Table  showing  the  range  of  the  Fossils  of  the  Bhcetic  Beds  of 
South  Wales. 

Species. 

Sutton  series. Southern- down 
series. 

Avicula- contorta 
series. 

3 

O 

1 a 1 
1 

t 

ft 
1 

1 
1 i 

ft 

1 
a 

O 
o 

i 
o 

i 

1 if 

* 
* 

if 

* 

if 

* 
if 

if 

6 

if 

it 

if 

if 

if 

if 

Equisetites     ...                

* Axinus  elonffatus  Moore  ... 

  cloacinus,  Moore           ... 
* 

* 
* 

Anatina  praecursor,  Qu 
■ 

Natica  Pylensis,  Tawn   
Monotis  decussata       

if 

Mr 

* Pecten  Valoniensis,  Peril.      

*  These  beds  were  coloured  as  Ehatic  by  Mr.  Bristow  on  the  map  of  the 
Geological  Survey  laid  before  the  Bath  Meeting  of  the  British  Association  by 
Sir  R.  I.  Murchison  in  1864.     . 

t  "  Buckland  and  Conybeare  on  the  South-west  district  of  England,"  Trans. 
Geol.  Soc.  2nd  series,  vol.  i.  p.  294. 
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Table  (continued). 

Species. 

Sutton  Series. Southern- down 
series. 

Avicula- contorta 

series. 

i 
o 
ft 

1 
1 
2 

s 
w. 

o 
n 

0) 1 

3 

PI 

ba 

1 
1 
o 
w. 

i 
P 1 ! a 

i 

1 
t 
1 

Pleurophorus  elongatus,  Moore    * 

* 
7^ 

* 

* 

7>{- 

■5(- 

* 

Ostrea  liassica  Strickl ^ 
^ Hemipedina,  sp   

Acrodus  acutus,  Ag."   

Saurichtliys  acuminatus  Aci.   . 
— —  aT)icalis,  Act   

Hybodus  raricostatus,  Ag   

  •  plicatilis,  Ag   

Grvrolepis  tenuistriatus  Ao ... 
  Alberti,  Ag              ... 

7^ 

Plicatula  intusstriata,  Emon   •K- 

* 

* 

* 

•5f 

^ * 

^ 

  acuminata,  Terg  &"  JPiette  . . 
Ostrea  multicostata,  Milnst   

^f- 

... 

Anomia  socialis,  Tawn   •J5- 

Pecten  Suttonensis,  Tawn.      .     .  . * 

■5{- 

•K- 

«• 

■«■ 

7\<- 

•5fr 

■5f 

  Etheridgii,  Tawn   
Lima  tuberculata,  Terq   
  planicostata,  Tawn   

•J5- 

¥r 
■Sf^ 

•5J- 

■»■   subduplicata,  Tawn   

Pinna  insignis,  Tawn   
Perna  Ramsayi,  Tawn   ■!«■ 

* 

Cardinia  Suttonensis,  Tawn   

«■ 

^   ingens,  Tawn   
Cardita  rliomboidalis,  Tawn   

•5f 

•K- 

■«■ 
it 

Modiola  imbricatoradiata,  Tawn. 
Astarte  Duncani,  Tawn   

Cyprina  normalis,  Tawn   
Patella  Suttonensis,  Tawn   
Chemnitzia  (new  species)   

* 
^ 

* 

Trochotoma,  sp   
Ammonites  Dunravenensis,  Tawn   
Ammonites  Suttonensis,  Tawn   

Rhabdophyllia  recondita,  Laube   
Thecosmilia  rugosa,  Laube   
Elyastrsea  Fischeri  Laube. 

Montlivaltia  sp 
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11.  Descriptions  of  the  Species. 

1.  Ammonites  Suttonensis,  spec.  nov. 

1  am  unable  to  describe  this  Ammonite,  the  characters  of  the  back 
and  keel  not  being  sufficiently  preserved  in  my  specimens.  In  a 
side  view  it  resembles  A.  Hettangiensis,  Terquem,  but  it  does  not 
seem  to  have  a  square  and  slightly  keeled  back  like  that  species.  It  is 
allied  to  A.  Johnstoni  or  some  of  the  ribbed  "  Planorbes."  Diameter 
li  inch. 

Locality  and  position. — I  have  found  this  species  about  20  ft. 
above  the  base  of  the  Sutton  series,  both  at  Dunraven  and  at  the 
Sutton  quarries. 

2.  Ammonites  Dtjneavenensis,  spec.  nov.     PL  IV.  fig.  1. 

This  fragment  of  an  Ammonite  differs  entirely  from  the  preceding, 
being  more  involute,  and  it  is  more  elongated. 

Locality. — Found  30  ft.  above  the  base  of  the  Sutton  series  at 
Dunraven. 

In  form  this  species  is  aUied  to  A.  Hagenovi  (Dunker),  a  shell 
which,  though  from  the  Angulatus-zone,  by  the  disposition  of  its 
lobes  and  saddles  is  entirely  allied  to  Ceratites  {vide  Terquem,  "  In- 
fralias  de  Test  de  France,"  in  Mem.  Soc.  Geol.  de  France,  2nd  series, 
vol.  viii.  pi.  X.  figs.  3-5). 

3.  Pecten  Etheridgii,  spec.  nov.     PL  III.  fig.  4. 

SheU  thin,  suborbicular,  equilateral,  slightly  convex.  Surface 
with  numerous  shallow  or  flat,  not  very  closely  set,  radiating  ribs,  with 
very  fine  concentric  striae.  Ears  large,  unequal,  concentrically  and 
radiatingly  striated;  anterior  ear  slightly  hollowed  out.  Length 

1^  inch ;  breadth  fths  of  length ;  umbonal  angle  70°-75°. 
Locality  and  position. — Sutton  and  Southerndown  series  at  Sutton. 
Affinities. — This  shell  differs  from  P.  calvus  (Goldf.)  in  the  ears 

being  less  unequal  and  comparatively  larger.  It  has  much  resem- 
blance to  P.  Schneideri,  Giebel,  from  the  Muschelkalk,  but  is  less 

circular  in  form. 
I  have  named  this  shell  after  my  friend  Mr.  Etheridge,  F.E.S.E., 

who  has  afforded  me  much  help  in  the  discrimination  of  the  species. 

4.  Pecten  Suttonensis,  spec.  nov.     PL  III.  fig.  3. 

Shell  circular,  convex,  inequivalve,  inequilateral.  Left  valve  more 
convex  than  the  right ;  at  the  anterior  side  in  both  valves  the  ribs 
bend  forwards,  producing  the  inequilateral  form.  Ribs  alternately 
larger  and  smaller  ;  about  twenty  principal  ones,  between  each  pri- 

mary rib  a  smaller,  and  between  many  of  the  secondaries  occurs  a 
still  smaller  rib  or  carina.  Ribs  crossed  by  fine,  concentric,  raised 
lines  of  growth,  which  curve  downwards  in  crossing.  In  the 
auricular  regions,  beyond  the  last  rib,  are  broad  lateral  areas, 
crossed  by  numerous,  slightly  wavy,  oblique  lines ;  posterior  area 
the  wider ;  there  is  a  steep  fall  from  the  areas  by  the  last  rib,  down 
to  the  ears,  particularly  in  the  more  convex  valve.  Ears  large, 
unequal,  posterior  ear  largest ;  in  the  right  valve  the  anterior  ear  is 
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hollowed  out  below ;  both  ears  have  radiating  costae  and  transverse 

striae.  Umbonal  angle  110°-115°;  length  2|  inches  ;  breadth  equals 
length. 

Locality  and  position. — Sutton  and  Southerndown  series  at  Sutton. 
Yery  abundant. 

The  exterior  structure  of  the  shell  is  frequently  badly  preserved ; 
the  concentric  striations  are  then  lost,  and  many  of  the  smaller  ribs, 
but  their  alternate  character  remains  generally  more  or  less  plain. 

Affinities. — This  shell  is  most  nearly  allied  to  P.  Valoniensis  (or 
Lugdunensis,  Michelin)  ;  it  agrees  with  it  and  P.  Bavaricus,  Winkl., 

and  P.  Favrii  *,  Stopp.  (all  Rheetic  species),  in  the  characters  of  the 
lateral  areas,  but  with  neither  of  them  in  the  character  of  the  ribs. 
In  general  form  and  alternate  arrangement  of  ribs  it  resembles  P. 
Schroeteri,  Giebel,  from  the  Muschelkalk  ;  but  that  species  has  not  the 
obliquely  marked  areas. 

Some  specimens  of  P.  Valoniensis  show  a  much  greater  resemblance 
than  others  to  this  species. 

5.  Pecten",  sp. 
Another  orbicular  Pecten  I  am  unable  to  describe,  having  only  one 

imperfect  specimen,  the  umbo  being  wanting.  It  is  distinguished  by 
elevated  strong  concentric  striae  in  the  interspaces  between  the  ribs. 
It  has  a  slight  resemblance  to  P.  cequivalvis ;  but  the  ribs  are  more 
numerous,  narrower,  and  less  regular  than  in  that  species ;  this  shell 
is  also  much  smaller. 

6.  Lima  ttjbercflata,  Terquem. 

Shell  moderately  convex,  suboval,  slightly  inequilateral.  Bibs 
1 1-1 2,  narrow,  radiating,  bearing  occasionally  tubercles  or  remains 
of  spines ;  the  ribs  slope  away  gradually  into  the  interspaces,  which 
are  broad.  Surface  with  concentric,  more  or  less  rugose  laminae. 
Posterior  ear  larger  ;  anterior  ear  gaping  below,  somewhat  plicated. 

Hinge-line  straight.  No  lunule.  Length  2^  inches  ;  breadth  ̂ ths 
of  length. 

Locality  and  position. — Sutton  and  Southerndown  series  and  Lias 
at  Bridgend. 

This  species  is  most  nearly  allied  to  L.  pectiniformis  of  the  Inferior 
Oolite,  but  is  much  smaller  and  less  rugose.  It  corresponds  entirely 

with  the  description  of  Terquem's  species  L.  tuberculata  (Mem.  de  la 
Soc.  Geol.  de  France,  vol.  v.  2nd  series,  1855).  I  have  not  hesitated, 
therefore,  to  identify  it  with  that  species.  It  was  described  from  the 
Infralias  (Planorbis-  and  Angulatus-beds)  of  Luxembourg,  and 
has  been  noticed  by  Renevier  from  the  Rhsetic  beds  of  the  Canton 
de  Yaud  (Bull,  de  la  Soc.  Yaudoise  des  Sciences  Nat.  vol.  viii. 

p.  34) ;  from  the  Infralias  of  the  Department  of  Cote  d'Or  by 
Martin  (Mem.  de  la  Soc.  Geol.  de  Prance,  2nd  series,  vol.  vii.) ;  and 
I  have  also  found  it  in  the  Planorbis-beds  near  Bridgend. 

*  This  name  seems  preoccupied,  having  been  given  to  another  shell  by  M. 

d'Archiac  (1854) ;  Stoppani's  name  must  therefore  be  cancelled,  and  I  propose 
to  substitute  for  it  the  specific  name  of  Beneviei-i. 
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7.  Lima  planicostata,  spec.  nov.     PI.  III.  fig.  7. 

Shell  ovate,  oblique,  moderately  convex,  considerably  longer  than 
broad.  Surface  of  shell  with  distinct  concentric  lines  of  growth  and 
very  faint  radiating  striae,  which  are  most  marked  on  the  posterior 
part  of  the  shell.  Ears  unequal,  the  posterior  largest.  Length  f 
to  1|  inch  ;  breadth  |-ths  of  length. 

Locality  and  position. — Sutton  series  at  Laleston  and  Sutton  &c. 

This  shell  dift'ersfrom  L.  prcecursor  in  form,  and  by  the  absence  of 
depressions  in  the  interspaces  between  the  ribs.  It  has  some  re- 

semblance to  L.  compressa,  Terquem,  and  to  L.  acuta,  Stopp. ;  but  the 
sculpturing  of  those  species  renders  them  very  distinct. 

8.  Lima  angusta,  spec.  nov.     PI.  III.  fig.  6. 

Shell  moderately  convex,  elongated,  obliquely  oval,  inequilateral, 
most  arched  in  the  centre.  Anterior  side  straight  for  five-sixths  of 
its  length  and  nearly  parallel  to  the  longer  axis  of  the  shell.  Poste- 

rior margin  swollen  in  the  centre  and  slightly  concave  below  the  ear. 
Surface  with  regular,  not  very  close  or  deep,  radiating  lines,  eon- 
centric  striae,  and  lines  of  growth,  which  cross  over  the  flat  ribs.  Au- 

ricular areas  sloping  gradually  into  the  umbo.  Hinge-line  straight. 
No  lunule.     Length  2|-3  inches  ;   breadth  |-ths  of  length. 

Locality  and  position. — Sutton  series  at  Sutton  and  Dunraven. 
My  examples  of  this  shell  are  rather  weathered,  so  that  the  sur- 

face-markings are  not  so  well  preserved  as  could  be  wished. 
The  form  of  this  shell  is  characteristic.  The  shell  that  approaches 

nearest  to  it  is  L.  prcelonga,  Martin,  from  the  Angulatus-zone  of  the 

Department  of  Cote  d'Or. 
9.  Lima  subduplicata,  spec.  nov.     PI.  III.  fig.  8. 

Shell  ovate,  slightly  oblique,  narrow  at  the  hinge-line,  convex. 
Eibs  about  25,  elevated,  not  sharp ;  on  the  anterior  and  posterior 
sides  they  become  narrower  and  sharper,  and  the  interspaces  wider ; 
interspaces  with  a  fine  costa  between  each  of  the  ribs.  Length  J  to 
1  inch  ;  breadth  |rds  of  length. 

Locality  and  position. — Sutton  and  Southerndown  series  at  Sutton 
&LC.     Common. 

The  exterior  of  the  shell  is  frequently  lost,  and  the  costae  are  then 
invisible. 

Closely  allied  to  L.  duplicata  (Great  Oolite):  it  corresponds  exactly 
in  form,  but  the  line  on  the  ribs  is  apparently  absent.  In  its  mature 
state  it  is  much  smaller  than  L.  pectinoides,  neither  are  the  ribs  so 
sharp,  and  the  interspaces  are  broader  than  in  that  species.  It  resem- 

bles an  unnamed  species  figured  by  Quenstedt  (Jura,  p.  47,  pi.  iv.). 

10.  Lima  Dunravenensis,  spec.  nov.     PI.  III.  fig.  9. 

Shell  moderately  convex,  obliquely  oval.  Anterior  side  straight 
for  four-fifths  of  its  length,  and  curving  round  suddenly  into  the  in- 

ferior margin,  which  is  strongly  convex.  Surface  with  numerous 
fine,  sHghtly  wavy  radiating  lines,  crossed  by  a  few  concentric  lines 
of  growth.     Length  3 J  inches ;  breadth  -|ths  of  length. 
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Locality  and  Position. — Sutton  and  Southerndown  series  at  Dun- 
raven  &c.     Common. 

From  the  imperfect  state  of  my  specimens,  I  am  unable  to  say 
whether  the  interspaces  between  the  ribs  are  punctated. 

This  shell  is  distinguished  from  L.  punctata  by  its  straight  ante- 
rior side  ;  the  size  of  the  ribs  brings  it  nearest  in  character  to 

Lima  Valoniensis,  Def.,  cited  by  Dumortier  (Depots  Jnrassiques  du 
Bassin  du  Ehone,  p.  54)  as  occurring  associated  with  Pecten  Valo- 

niensis, Def.  In  form  it  bears  much  resemblance  to  L.  eocaltata, 
Terquem,  from  the  Infralias  of  the  province  of  Luxembourg;  but 
the  ribs  are  a  little  wider  than  in  that  species.  In  the  absence, 
therefore,  of  the  characters  of  the  whole  shell  I  cannot  identify  it 
with  either  of  these  species. 

11.  Lima,  sp. 

I  have  the  hinge-area  of  a  remarkable  Lima  which  bears  a  great 
resemblance  to  the  hinge  of  Lima  cometes,  Dumortier,  '  Bassin  du 
Rhone,'  pi.  xxiii.  figs.  1  and  2  ;  but  in  the  absence  of  the  rib-charac- 

ters I  cannot  identify  it,  as  by  its  form  it  is  also  allied  to  L.  tuber- 
culosa (Terquem).  The  hinge-line  is  not  straight,  but  forms  an 

obtuse  angle  with  the  ears ;  the  ears  are  strongly  plicated.  'No  lunule. 
The  shell  is  very  thick  around  the  ligamental  pit,  but  is  abruptly 
hollowed  out  below. 

12.  OsTREA  L^vis,  spec.  nov.     PL  III.  fig.  2. 

Shell  extremely  convex,  elongate,  and  ovate.  Surface  with  con- 
centric, somewhat  irregular,  fine,  imbricated  folds  of  growth  or  deli- 

cate wavy  lamellae.  Margin  thick  and  entire.  Length  l|inch; 
breadth  |-rds  of  length. 

Locality  and  position. — Sutton  series  at  Sutton  and  Langan.  Com- 
mon. 

This  shell  varies  in  different  localities,  being  sometimes  very  nar- 
row ;  it  is  readily  distinguished  from  Ost.  Uassica  by  its  convexity, 

and  does  not  occur  in  such  numbers  together  as  that  species. 

13.  OsTREA  MULTICOSTATA,  Muust.       PL  III.  fig.  1. 

Shell  elliptical,  frequently  nearly  equilateral,  thick.  IJmbo  near 

the  hinge,  from  which  strongly  elevated  straight  or  slightly  wavy- 
ribs  diverge ;  ribs  acutely  rounded,  crossed  by  fine  concentric  lines 
of  growth,  equally  visible  in  the  interspaces  ;  interspaces  the  same 
size  as  the  ribs.  Eibs  extend  to  the  margin,  causing  it  to  be  undu- 

lated ;  margin  thick,  rounded.  Length  3  inches ;  breadth  ̂ ths  of 
length. 

Locality  and  position. — Sutton  and  Southerndown  series  at  Sutton 
&c.     Common  and  characteristic  species. 

The  area  of  attachment  is  devoid  of  ribs  and  frequently  occupies  a 
large  portion  of  the  shell. 

This  shell  is  variable,  affecting  at  different  times  the  appearance 

of  0.  spondyloides,  0.  multicostata,  and  0.  difformis.  Terquem,  in  de- 
scribing the  Ostrece  of  the  Province  of  Luxembourg,  proposed  to  unite 
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these  three  Muschelkalk  species,  as  there  is  little  apparent  differ- 

ence between  them;  but  subsequently  {"  Infralias  de  Test  de France," 
in  Mem.  Soc.  Geol.  de  Prance,  2nd  series,  vol.  viii.)  he  deemed  it  un- 
advisable  to  refer  his  species  to  them  or  the  genus  Ostrea,  and  it  stands 
as  CarjpenteyiaHehertl.  As  the  Sutton  fossil  bears  considerable  resem- 

blance to  Terquem's  figui'es,  it  is  with  much  diffidence  that  I  con- 
tinue to  refer  it  to  the  Muschelkalk  type  ;  the  examination,  however, 

of  several  specimens  having  the  same  character  of  the  umbonal  region 
leaves  no  doubt  in  my  mind  of  its  being  an  Ostrea ;  and  the  descrip- 

tion of  0.  multicostata  corresponds  entirely  with  our  shell. 
In  some  of  my  specimens  the  ribs  are  not  so  elevated  and  regular, 

but  more  lamellar ;  but  these  differences  may  be  ascribed,  I  think,  to 
a  young  state ;  others  show  a  likeness  in  external  characters  to  Pli- 
catula  Baylii  (Terquem),  but  as  I  have  not  seen  the  hinge,  I  must 
leave  it  to  future  researches  to  settle  this  point. 

Affinities. — This  shell  bears  some  resemblance  to  Ostrea  ariefls  of 
the  Angulatus-  and  Bucklandi-beds),  but  is  still  more  nearly  allied 
to  0.  Bhodani,  Dumortier,  from  his  Planorbis-zone  *.  He  figures  also 
a  fragment,  which  may  be  allied  to  this  species,  as  passing  up  into  the 
Angiilatus-zone  ;  he  considers  it  to  be  allied  to  the  Muschelkalk  spe- 

cies, Ostrea  coniplicata  (Dumortier,  Bass,  du  Rhone,  pi.  xxiii.  fig.  6). 

14.  Anomia  socialis,  spec.  nov.     PI.  III.  fig.  10. 

Provisionally  I  call  this  shell  Anomia,  from  its  shell-structure ;  there 
are  not,  however,  in  my  possession  data  enough  to  safely  determine 
or  describe  the  specific  characters.  Its  abundance,  however,  in  some 
localities  where  it  occurs  in  groups,  renders  it  a  most  noticeable 
shell ;  I  therefore  name  it  as  above.     Length  11  inch. 

Locality/  a7id  position. — Sutton  series  at  St.  Mary  Hill.     Common. 
This  shell  has  a  great  resemblance  to  Ostrea  subanomia  (Miinst.) 

from  the  Muschelkalk,  but  I  cannot  with  any  surety  refer  it  to  that 
species. 

15.  Pinna  insignis,  spec.  nov.     PI.  III.  fig.  5. 

Shell  thin,  acute  at  the  umbo,  broadly  wedge-shaped ;  posterior 
extremity  gaping,  strongly  rounded,  and  truncated.  Dorsal  edge 
thickened  and  well  defined.  Surface  smooth,  with  broad,  wavy,  con- 

centric folds.     Length  7  to  8  inches  ;  breadth  4  to  5  inches. 
Position  and  locality. — Sutton  and  Southerndown  series  at  Sutton 

and  Dunraven. 

This  shell  is  most  usually  found  in  quite  a  fragmentary  condition  ; 
it  attained  a  large  size,  and  was  a  widely  gaping  form. 

Notwithstanding  the  imperfect  state  of  my  examples,  I  am  obliged 
to  create  a  new  species.  It  differs  considerably  from  Pinna  semi- 
striata,  Terquem  (Pal.  de  Lux.  pi.  xxii.  fig.  1),  being  comparatively 
wider,  and  the  concentric  folds  do  not  show  the  same  disposition. 
It  is  also  more  pyramidal  than  Pinna  papi/racea,  Stopp.,  and  the 
shell  is  not  so  extremely  thin  as  in  that  species. 

'^  Dumortier  includes  in  the  Planorbis-zone-  beds  contixiningPectenVahnie7isis 
and  Plicatula  intusstriata  abundantly. 
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16.  Pebna  ?  Eamsayi,  spec.  nov. 

Shell  oblique,  elongated,  moderately  convex,  thin.  Surface  with 
rounded  wavy  concentric  folds,  which  extend  across  the  shell.  Ear 
large,  crossed  by  sigmoid  folds  or  lines.  Hinge  unknown.  Length 
4  inches  ;  breadth  fths  of  length. 

Locality  and  position. — Southerndown  series  near  Sutton. 
My  specimen  only  shows  the  interior  of  the  shell,  which  is,  how- 

ever, very  thin.  The  hinge-line  also  is  broken  off,  so  that  the  genus 
is  uncertain.  It  bears  some  slight  resemblance  to  Perna  infraliasina 
Quenst.,  but  it  is  considerably  larger  than  that  shell.  Until  the  ex- 

ternal shell  is  known,  it  cannot  be  referred  to  that  species.  I  dedi- 
cate it,  therefore,  provisionally,  to  Prof.  A.  C.  Eamsay,  F.R.S.,  Pro- 

fessor of  Geology  at  the  Eoyal  School  of  Mines. 

17.  Plicatitla  acuminata,  Terq.  et  Piette. 

I  have  specimens  corresponding  to  the  description  given  of  this 
shell  by  Terquem  and  Piette  (Mem.  Soc.  Geol.  de  France,  2nd  series, 
vol.  viii.  p.  107,  pi.  xiii.  figs.  20,  21),  the  distinguishing  character 
being  the  acute  hinge  with  transverse  folds  and  radiating  ribs.  They 
cite  it  as  a  rare  shell,  in  beds  containing  Belemnites  acutus. 

18.  Plicatula  intussteiata,  Emm. 

This  is  one  of  the  most  characteristic  species.  In  England  it  is 
a  characteristic  Rhsetic  species ;  but  on  the  continent  it  passes  up  into 
the  Planorbis-zone,  if  not  higher.  The  species  P.  Lothatingice,  Terq. 
et  Piette,  evidently  belongs  to  Emmerich's  type ;  it  is  cited  from 
the  Planorbis-zone.  Dumortier  says  (Infralias,  p.  76)  that  it  is 
characteristic  of  the  Planorbis-zone,  never  being  found  helow  or 
above ;  it  is  probable,  therefore,  that  his  Planorbis-zone  corresponds 
to  the  upper  part  of  our  Ehgetic  series,  including  the  White  Lias. 

19.  Caedinia  Suttonensis,  spec.  nov.     PL  lY.  fig.  3. 

Shell  transversely  oblong,  obovate ;  ventral  margin  gently  rounded  ; 
anterior  end  broadest,  obtuse ;  posterior  end  subaeutely  rounded. 
Surface  with  deep,  concentric,  distant  hues  of  growth,  and  smaller, 
elevated,  intervening  strise,  which  become  less  distinct  at  the  posterior 
end.  Umbones  somewhat  acute,  placed  about  one-fourth  of  the  length 
from  the  anterior  end.     Length  2\  inches ;  breadth  |-rds  of  length. 

Locality  and  position. — Sutton  quarries,  Sutton  series. 
This  shell  is  nearest  in  form  to  C.  regularis,  Terquem ;  but  the 

posterior  end  is  more  acute  than  in  that  species ;  the  size  is  also 
larger,  and  the  shell  thicker.  It  is  less  cuneiform  than  C.  acuminata, 
Martin,  to  which  it  bears  some  resemblance. 

20.  Caedinia  ingens,  spec.  nov.     PI.  lY.  fig.  2. 

This  large  cast  of  the  interior  is  from  the  Sutton  series  near 
Langan.  My  specimens  do  not  show  the  outside  of  the  shell.  AU 
that  I  saw  with  the  outside  shell  were  in  an  earthy  condition  and 
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crumbled  on  being  moved.     The  concentric  folds  of  growth  were 
distinct  and  strong. 

It  approaches  nearest  to  0.  crassissima,  Ag. ;  but  the  pallial  line 
does  not  quite  agree  with  that  species. 

•21.  Caedita  ?  EHOMBOiDALis,  spec.  noY.     PI.  IV.  fig.  6. 
Shell  convex,  rhomboidal  ;  a  rounded  ridge  extends  from  the 

umbo  to  the  posterior  margin.  Dorsal  and  ventral  margins  nearly 
parallel;  posterior  end  of  shell  vadest.  Umbones  placed  far  for- 

wards, somewhat  recurved.  Hinge-line  straight.  Interior  margin 
of  the  shell  delicately  crenate.  Surface  with  regular,  elevated,  con- 

centric lines,  which  cross  over* the  rounded  ridge,  and,  by  a  sharp  curve, 
reach  the  dorsal  margin.     Length  1  inch  ;  breadth  -Jrds  of  length. 

Locality  and  ■position. — Sutton  quarries,  Sutton  series.  Common near  the  base. 

The  shell- substance  is  rarely  found.  The  mould  of  the  inside 
drops  out  of  the  cast,  leaving  the  impression  of  the  exterior  surface  : 
from  this  gutta-percha  casts  may  easily  be  obtained. 

Not  having  seen  the  hinge-teeth,  I  am  uncertain  of  the  genus. 
It  somewhat  resembles  Cardita  tetragona,  Terquem ;  I  therefore 

refer  it  provisionally  to  that  genus. 

22.  MODIOLA  IMEEICATO-EADIATA,  SpCC.  UOV.       PI.  lY.  fig.  8. 

Shell  small,  convex,  transversely  oblong,  comparatively  thick.  A 
rounded  elevated  dorsal  ridge  extends  from  the  umbo  to  the  posterior 
margin.  Posterior  margin  rounded  ;  ventral  slightly  concave.  Sur- 

face of  shell  ornamented  with  numerous  radiating  rounded  ribs,  which 
are  slightly  wavy  and  sometimes  forked,  crossed  by  a  few  growth- 
lamellae.  Umbones  obtuse,  placed  far  forwards.  Length  0-6  inch ; 
breadth  frds  of  length. 

Locality  and  position. — Sutton  quarries,  Sutton  series.  Common 
near  the  base. 

The  ornamentation  is  like  that  of  the  Oolitic  species  M.  pul- 
cherrima  ;  it  reminds  us  also  of  Mytilus  furcatus,  but  is  very  much 
smaller,  the  margin  not  so  concave,  &c. 

23.  AsTAETE  DuNCANi,  spcc.  uov.     PI.  lY.  fig.  4. 

Shell  convex,  rhomboidal,  inequilateral,  widest  at  the  posterior 
end ;  posterior  margin  rounded  and  forming  rather  less  than  a  right 
angle  with  the  ventral  margin.  Surface  of  shell  with  strong  con- 

centric lines  of  growth  wider  apart  posteriorly,  and  intervening  finer 
ones.  Umbones  placed  far  forwards.  Length  ̂   inch  ;  breadth  Jths 
of  length. 

Locality  and  position. — Sutton  quarries,  Sutton  series. 
The  genus  of  this  shell  is  not  quite  certain,  my  specimen  not 

showing  the  hinge-line   
It  is  named  after  our  Secretary,  who  has  kindly  undertaken  the 

description  of  the  corals  from  the  Sutton  Stone. 

24.  Ctpeina  noemalis,  spec.  nov.     PI.  lY.  fig.  7. 

Shell  suborbicular,  convex,  inequilateral,  thick,    Umbones  slightly 
n:2 
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anterior,  acute.  Surface  concentrically  marked  by  numerous  lines  of 
growth.  Anterior  side  well  rounded ;  posterior  subacute.  Length 

■|  to  IL  inch ;  breadth  |^ths  of  length. 
Locality  and  'position. — Sutton  quarries,  Sutton  series. 
The  form  of  this  shell  renders  it  probable  that  it  is  a  Cyprina.  I 

have  not  seen  the  hinge,  owing  to  the  unfavourable  state  of  the 
matrix. 

25.  Anatina  precursor,  Quenst.,  var.  Pylensis.     PI.  lY.  fig.  5. 

Shell  flatly  convex,  transverse,  inequilateral.  Anterior  end 
rounded ;  posterior  end  slightly  produced,  narrower,  5iid  somewhat 
depressed.  Lines  of  growth  consisting  of  from  six  to  ten  concentric 
rounded  folds,  which  extend  along  the  shell,  being  nearly  as  distinct 
posteriorly  as  anteriorly.  A  slight  ridge  proceeds  from  the  umbo  to 
the  postero-ventral  margin.  Ventral  margin  rounded.  Umbones  sub- 
central,  depressed  posteriorly.  Length  1^  inch ;  breadth  half  of 
length. 
Locality  and  position. — Avicula-contorta  sandstones  at  Pyle,  Stormy 

Down,  &c. 
This  shell  differs  from  the  description  given  by  Oppel  and  Suess  in 

being  considerably  shorter  posteriorly.  It  approaches  thus  more  to 
the  form  of  A.  Buessii,  but  it  lacks  the  median  depression  which  hol- 

lows out  the  ventral  margin  of  that  species.  It  differs  from  Oppel's 
figure  of  A.  prcecursor  by  the  extension  of  the  folds  along  the  posterior 
part  of  the  shell  as  they  curve  round  to  meet  the  dorsal  margin. 

These  difi'erences  are  perhaps  enough  to  constitute  a  new  variety, 
but  do  not,  I  believe,  necessitate  the  formation  of  a  new  species. 

26.  Patella  Stjttonensis,  spec.  nov.     PI.  lY.  figs.  9  a,  9  6. 

Shell  convex,  oval.  Apex  not  quite  central,  but  nearest  the  pos- 
terior margin,  and  the  highest  point  of  the  shell.  Surface  covered 

with  regular,  elevated,  slightly  imbricated,  concentric  lines,  which 
become  a  little  fainter  near  the  apex.  Length  |  inch ;  breadth  |ths 
of  length. 

Locality  and  position. — Sutton  quarries,  Sutton  series. 
This  shell  has  much  the  aspect  of  a  Discina ;  but  as  it  is  not  horny 

in  texture  (neither  have  I  found  a  lower  valve),  I  refer  it  to  this 
genus. 

It  resembles  Patella  elUptica,  from  the  Muschelkalk,  and  also 
P.  Hettangiensis,  from  the  Angulatus-beds  of  Hettange  ;  it  clearly 
differs,  however,  from  these  species.  The  form  differs  from  P.  Het- 

tangiensis in  the  region  of  the  apex  especially. 

27.  Chemnitzia,  sp. 

There  is  a  large  univalve  shell,  4|  inches  long,  common  in  a  bed 
near  the  middle  of  the  Southerndown  series ;  natural  sections  of  the 
shell,  showing  the  columella,  may  sometimes  be  seen  on  the  beds, 
which  have  been  slightly  polished  by  the  sea.  I  have  no  specimens, 
owing  to  the  difficulty  of  breaking  up  the  beds  at  this  place. 
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28.  TUERITELLA,  Sp. 

I  have  some  small  species  from  the  Sutton  Stone  which  may  belong 
to  this  genus  and  to  Chemnitzia,  but  which  it  is  impossible  to  recognize 
specifically. 

29.  Trochotoma,  sp. 

A  very  flat  form  from  the  Sutton  Stone  may  probably  be  referred 
to  this  genus.     Its  imperfect  state  prevents  a  description. 

30.  Natica  PylensiSj  spec.  nov.     PI.  lY.  fig.  10. 

Shell  ovate.  Body- whorl  large.  Spire  depressed,  of  two  volu- 
tions. Suture  deeply  impressed.  Apex  blunt.  Aperture  semicir- 
cular.    Length  0*1  to  0-3  inch. 

Locality  and  position. — Avicula-contorta  sandstones  at  Pyle  and 
Stormy  Down. 

This  shell  never  exceeds  the  above  small  dimensions  ;  it  generally 
occurs  in  the  form  of  casts.  It  is  both  gregarious  in  great  numbers, 
and  occurs  singly. 

Note  on  the  Madreporaeia  fi^om  the  "  Sutton  Stone." 
By  P.  Martin  Duncan,  M.B.  Lond.,  Sec.  Gr.S. 

The  collection  of  Madreporaria  from  the  base  of  the  Sutton  Stone  con- 
tains a  considerable  number  of  specimens,  some  of  which  are  de- 
rived fossils,  and  the  others,  generally  in  a  very  fair  state  of  preser- 

vation, indicate  a  lower  coralliferous  horizon  than  has  been  hitherto 
noticed  in  the  British  Secondary  rocks. 

A  fine-grained  white  limestone  with  much  calc-spar  is  the  matrix 
of  the  Secondary  corals ;  and  the  Palaeozoic  are  contained  in  a  rougher 
stone,  more  or  less  conglomeratic.  The  neighbourhood  of  the  Car- 

boniferous Limestone  accounts  for  the  presence  of  its  fossils  at  the 
base  of  the  Sutton  Stone ;  and  the  derived  species  therein  contained 
are  well  known  and  characteristic. 

The  species  are  : — 

1.  Lithostrotion  irregulare.  ]    2.  Amplexus  coralloides. " 
These  forms  do  not  require  any  notice ;  they  are  unlike  any  from 

Mesozoic  sources,  and  are  very  common  in  the  Carboniferous  strata. 
The  specimens  of  the  fine-grained  limestone  which  contain  undoubted 
Secondary  corals  are  numerous,  and  the  fossils  are  either  well  pre- 

served or  are  in  the  form  of  casts. 

Pour  species  can  be  determined  satisfactorily,  or  rather  three 
species  and  three  varieties  of  a  fourth,  whose  Alpine  type  is  not  pre- 

sent. The  subgenus  of  one  other  form  can  be  recognized  ;  and  in  all 
probability  the  numerous  casts  must  be  referred  to  it.  The  species 

are  unlike  any  hitherto  discovered  in  JS'orth- western  Europe,  and, with  certain  reservations,  indicate  a  zone  of  Madreporaria  which  in 
the  Alpine  Trias  would  be  deemed  St.  Cassian. 

The  great  ̂ Monograph  of  the  British  Possil  Corals,'  by  MM. 
Edwards  and  Haime,  does  not  contain  a  description  of  any  species 
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from  the  Lower  Lias,  and  there  still  remains  a  great  gap  in  our  know- , 
ledge  of  theMadreporaria,  between  the  Permian  and  the  Liassic  strata 
yielding  Isastrcea  Murchisoni,  Wright,  and  Thecocyathus  Moorei, 
Ed.  &  H. 

Lately,  large  series  of  Middle  and  Lower  Liassic  corals  have  passed 
through  my  hands,  and  MM.  Chapuis  and  Dewalque  in  Eelgium,  De 
Fromentel  in  Prance,  and  Stoppani  in  Italy  have  described  species 
which  have  enabled  me  to  mark  out  the  characteristic  species  in  our 
Middle  and  Lower  Lias.  The  species  from  the  Sutton  Stone  have 
nothing  in  common  with  any  species,  from  the  Liassic  strata. 

.  The  White  Lias  of  Somerset  has  yielded  two  species  of  Corals*. 
Unfortunately  the  condition  of  these  fossils  prevents  their  specific 
determination  ;  but  they  belong  to  the  genus  Montlivaltia.  One  is  a 
broad  flat  form,  and  is  probably  allied  to  the  Montlivaltice  of  the 
Lower  Lias,  which  are  usually  more  or  less  discoid.  The  other  spe- 

cimen is  a  small  tall  and  conical  form,  with  well-marked  transverse 
ridges  on  its  epitheca.  This  peculiarity  is  to  a  certain  extent  Liassic ; 
but  the  stunted  growth  and  the  apparently  multiseptate  arrange- 

ment ally  the  form  to  the  Triassic  Montlivaltice.  Neither  of  the 
White-Lias  forms  are  contained  in  the  collection  from  the  base  of  the 
Sutton  Stone.  A  Montlivaltia  was  discovered  in  the  Avicula-contorta 
series  at  Beer  Crowcombe,  by  Mr.  Chas.  Moore  f. 

In  the  late  researches  of  Eeuss  upon  the  Madreporaria  of  the 
Kossen  strata,  numerous  species  were  determined  ;  some  ascend  into 
the  Lias,  according  to  Stoppani ;  and  all  have  a  good  Secondary  facies, 
there  being  no  traces  of  Palaeozoic  genera. 

The  corals  of  the  Dachstein  series  are  still  in  a  very  unsatisfactory 
state,  as  regards  their  description ;  but  it  will  suffice  to  assert  that 
they  are  not  of  the  Palaeozoic  genera  LitJiodendron  and  Cyatliopliyl- 
lum ;  on  the  contrary,  the  species  belong  to  the  genera  which  domi- 

nated during  the  Jurassic  epoch. 
_  It  is  now  tolerably  evident  that  aU  the  St.  Cassian  corals  formerly 
associated  with  Palaeozoic  generic  names  are  Mesozoic  forms,  and 
that  only  two  new  species,  carefully  determined  by  Reuss,  belong 
to  as  many  genera,  one  being  Palaeozoic,  and  the  other  closely  allied 
to  a  Palaeozoic  genus. 

[Recently  Gustav  Laube  i^  has  concluded  the  examination  of 

Miinster  and  Klipstein's  St.  Cassian  Sponges,  Corals,  Crinoids,  and 
Echinoderms:  he  has  not  distinguished  a  single  Palaeozoic  genus 
amongst  the  Corals,  but  he  has  determined  the  great  distinction  be- 

tween the  Liassic  and  Triassic  coral  faunae. 

It  is  the  defective  information  respecting  the  corals  of  the  Dachstein 
series,  and  of  the  relation  of  the  St.  Cassian  corals  to  those  of  the 
Dachstein  and  of  the  Kossen  strata,  which  causes  me  to  make  a  re- 

servation in  my  opinion  about  the  age  of  the  Sutton- Stone  species.  In 
other  words,  there  is  insufficient  information  concerning  the  vertical 
range  of  the  St.  Cassian  species  of  Corals  ;  and  the  discovery  of  some  of 

■*  Boyd  Dawkins,  Quart.  Journ.  Greol.  Soc.  vol.  xx.  j).  406. 
,      t  Quart.  Journ.  Geol.  Soc.  vol.  xvii.  p.  511. 

J  Die  Faune  der  Schichten  von  St.  Cassian,  1.  Abtheil. 
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them  in  South  Wales  adds  to  the  probability  of  their  having  a  greater 
vertical  range  than  has  hitherto  been  supposed,  from  their  fol- 

lowing the  lavf^  that  the  widely  wandering  in  space  are  persistent  in 
time. 

There  are  some  considerations  respecting  the  range  of  some  Rhaetic 
and  Liassic  moUusca,  both  in  England,  Prance,  and  Switerland,  and 
concerning  the  alternations  of  the  Avicula-contorta  and  Dachstein- 
bivalve  and  the  coralliferous  strata  in  the  Kossen  and  Dachstein  di- 

visions of  the  Alpine  Trias,  which  strengthen  the  necessity  for  caution 
in  correlating  distant  Triassic  strata  possessing  species  in  common. 

Moreover  it  cannot  be  admitted  that  the  coral  fauna  of  the  period 
is  fairly  represented  in  the  Alpine  Trias,  great  as  its  number  of 
genera  may  be.  It  is  also  remarkable  that  the  Avicula-contorta 
series  should  be  very  uncoralliferous :  doubtless  the  Aviculce  with 
their  associated  bivalves  and  generally  puny  Gasteropods  were 
dwellers  in  a  muddy  area,  where  only  stunted  and  simple  Madrepo- 
raria  can  live. 

The  alternations  of  the  strata  just  mentioned,  and  the  great  vertical 
range  of  some  species,  indicate  that  although  the  succession  of  the 
Upper  Triassic,  Rhaetic,  and  Lower  Liassic  strata  is  to  be  traced  in 
ascending  order,  still  this  succession  may  have  a  very  doubtful  chro- 

nological meaning.  The  species  which  form  the  little  coral  fauna  of 
the  Sutton  series  do  not  indicate  a  vigorous  condition  of  the  polype- 
life  of  the  period :  their  affinity  with  the  Alpine  St,  Cassian  species 
is  beyond  doubt ;  and  whatever  their  age  may  be,  they  are  still  the 
oldest  amongst-  the  Mesozoic  forms  in  this  country. 

This  is  a  conclusion  which  was  determined  irrespectively  of  Mr. 

Tawney's  researches,  and  it  is  strengthened  by  them.  The  absence 
of  the  usual  species  of  the  mollusca  of  the  Avicula-contorta  beds,  the 
close  proximity  of  these  beds,  the  existence  of  a  number  of  local  spe- 

cies, and  the  localization  of  the  Sutton  Stone  in  the  west  indicate 
that  the  series  resting  on  the  Mountain-limestone  is  older  than  the 

"  con^or^a" -bearing  strata.  How  much  older,  is  of  course  subject  to 
the  application  of  the  remarks  already  made. 

List  of  the  Species. 
4.  Astrocoenia  Oppeli,  Laube,  3  vars. 
6.  Montlivaltia,  sp. 

L  Rhabdophyllia  recondita,  Laube. 
2.  Thecosmilia  rugosa,  Laube. 
3.  Elyastr£ea  Fischeri,  Laube. 

'HemarJcs  on  the  species. — The  three  species  at  the  head  of  the  list 
are  described  and  admirably  delineated  iuGustavLaube'swork.  Bhah- 
dophyUia  is  a  well-known  Jurassic  genus,  and  was  doubtless  one  of 
those  misnamed  Lithodendron  in  the  Alpine  Trias.  The  species  recoti-- 
dita  is  a  very  well-marked  one,  and  the  singular  disposition  of  the 
smaller  septa  to  bend  towards  the  larger  is  very  distinctive.  The 
genus  is  unknown  in  the  British  Lias,  and  the  species  is  only  re- 

motely related  to  the  Oolitic  forms. 
The  Thecosmilia  rugosa  is  a  compound  coral,  stunted  in  growth, 

and  given  to  fissiparous  division  of  its  calicos ;  the  rugose  transverse 

markings  of  the  epitheca  are  well  shown,  both  in  Laube's  drawing 
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and  in  the  Sutton  species.  So  alike  are  the  di'awing  and  the 
specimen  that  it  might  he  asserted  the  one  was  taken  from  the 
other. 

The  genus  Elyastroea  descrihed  hy  Laube  is  new,  and  not  known 
out  of  the  St.  Cassian  strata ;  it  is  allied  to  the  Mesozoic  genera  He- 
liastrcea,  Isastrcea,  and  Prionastrcea,  and  it  has  some  faint  trace  of  the 
double-wall  arrangement  of  many  Palaeozoic  genera.  Ueliastrcea  and 
Prionastrcea  flourished  in  the  Oolitic  and  Cretaceous  periods,  and  are 
still  represented  in  the  existing  coral  fauna,  but  Isastrcea  was  a  St. 
Cassian  genus,  and  lasted  until  the  Ealunian  epoch.  The  discovery  of 
the  genus  which  unites  all  these  sufficiently  to  make  their  generic 
distinction  doubtful,  is  very  important,  and  that  it  should  occur  so 
low  in  the  Mesozoic  series  is  very  suggestive.  The  species  Fischeri 
is  a  bulky  form,  with  very  irregular  calicos,  and  is  represented  in 
the  Sutton  Stone  by  a  large  specimen  partly  polished. 

The  most  common  coral  in  the  collection  is  one  which  has  a  broad 

base  and  an  undulating  gibbous  surface,  covered  with  small  geo- 
metrical calices.  This  is  the  commonest  form ;  but  another  is  equally 

large  as  regards  its  base,  and  has  a  flat  upper  surface  covered  with 
calices,  like  the  gibbous  form.     There  is  not  a  speciflc  difference. 
A  third  form  covers,  like  a  parasite,  part  of  the  surface  of 

the  Plicibclophyllia  i^econdita ;  the  calices  are  smaller  than  in  the 
other  forms  ;  but  they  are  all  essentially  alike.  It  is  remarkable 
that  the  Hhabclophyllia  in  its  St.  Cassian  habitat  is  covered  by  a 
parasitic  sponge. 

The  three  varieties  of  Astrocoenia  Oppeli  are  judged  to  be  such 
because  the  minute  anatomy  of  the  calices  is  alike  in  air  cases,  and 
that  the  habit  of  growth  of  the  type  is  not  sufficient  to  enable  it  to 

assume  a  specific  diff'erence.  It  is  a  pity  that  Laube  had  not  the 
larger  Sutton  variety  for  the  type  ;  but  he  has  the  right  to  have  the 
three  forms  referred  to  his  by  priority  of  description,  I  have  named 
the  varieties — 

1.  Gibbosa,  ]  2.  Plana, 
3.  Parasitica. 

The  genus  is  well  known  in  the  Lower  Cretaceous,  Eocene,  and 
Miocene  coral  faunae,  but  has  not  been  found  hitherto  in  Jurassic 
deposits. 

The  Montlivaltia  from  the  Sutton  Stone  is  a  stunted,  multiseptate 
form,  with  a  ridged  epitheca;  it  resembles  the  general  type  of  that 
section  of  the  genus  which  is  almost  peculiar  to  the  St.  Cassian 
coral  fauna.  The  casts  of  it  are  common,  but  the  specific  deter- 

mination is  impossible. 

EXPL^J^ATION  OF  PLATES  III.  &  IV. 

Illustrative  of  the  Bhcstic  Fossils  of  South  Wales. 

Plate  III. 

Fig.  1.   Ostrca  multicostata,  Mnnst     Sutton  and  Southerndown  series. 
2.    Icsvis,  Tawn.     Sutton  series. 
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Fig.  3.  Pecien  Sut^onensis,  Tawn.     Sutton  and  Southerndown  sei'ies. 
4.  ■   Etheridgii,  Tawn.     Sutton  and  Southerndown  series. 
5.  Pinna  msignis,  Tawn.     Sutton  and  Southerndown  series. 
6.  Lima  angusta,  Tawn.     Sutton  series. 
7.   planicostata,  Tawn.     Sutton  series. 
8.    suhduplicata,  Tawn.     Sutton  and  Southerndown  series. 
0.  ■   Bimravenensis,  Tawn.     Sutton  and  Southerndown  series. 

10.  Anomia  socialis,  Tawn.     Sutton  series. 

Plate  TV. 

Fig.  1.  Ammonites  Lunravenensis,  Tawn.     Sutton  series. 
2.  Cardinia  ingens,  Tawn.     Sutton  series. 
3.   8uttonensis,  Tawn.     Sutton  series. 
4.  Aatarfe  Duncani,  Tawn.     Sutton  series. 

5.  Anatina  prcBcursor,  Quenst.     Avicula-co7itorta  sandstones. 
6.  Cardita  rJiomhoidalis,  Tawn.     Sutton  series. 

7.  Cyprina  normalis,  Tawn.     Sutton  series. 
8.  Modiola  imbricato-radiata,  Tawn.     Sutton  series. 
9«,  1)6.  Patella  Suttonensis,  Tawn.     Sutton  series. 

10.  Isatica  Pyknsis,  Tawn.     Avictda-contorta  sandstones. 

2.  Notes  on  a  Section  o/Lower  Lias  and  EniETic  Beds,  near  Wells, 
Somerset.     By  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S. 

The  accidental  lowering  of  a  road  at  Milton  Lane,  one  mile  and  a 
half  north  of  Wells,  exposed  a  very  interesting  section  of  Lias  and 
Ehaetic  beds,  which  has  not  been  referred  to  by  Mr.  Dawkins  in  his 

paper  ''  On  the  Relations  of  the  Liassic  and  Rhsetic  Series  in  Somer- 
setshire." This  section  is  the  more  deserving  of  notice  because,  as 

a  general  rnle,  the  sections  in  the  imm.ediate  neighbourhood  only 
exhibit  the  White  Lias  and  Rhaetic  beds,  and  these  have  not  hitherto 
been  recorded  so  near  the  city  in  a  northerly  direction,  nor  so  close 

to  the  Mendips;  and  in  this  case  we  have  the  "  Lima-beds"  the  highest 
seen,  passing  into  and  overlying  the  White  Lias  and  the  Avicula-con- 
torta  zone.  The  nearest  section  to  Wells  described  by  Mr.  Dawkins, 
showing  the  White  Lias  and  Rha3tic  series,  though  very  obscure,  is 
at  Pen  Knowle,  about  five  miles  west  of  the  town.  The  Milton-Lane 

section  gives  a  clearer  view  of  the  succession  of  the  ̂ '  Lima-beds" 
downwards,  and  I  can  confirm  Mr.  Dawkins's*  statement  that  the 
"White  Lias"  rests  immediately  upon  the  Rheetic  bedsf ;  for  whether 
the  strata  below  No.  4  in  the  annexed  section,  down  to  the  "  White 
Lias,"  belong  to  the  "  Lima  series,"  which  is  most  probable,  and  to 

^ which  I  have  referred  them,  or  form  a  reduced  equivalent  of  the 
"  Insect  and  Saurian  beds,"  it  is  evident  that  the  latter  do  not  here  or 

'  elsewhere  underlie  the  "  White  Lias."  The  following  is  the  section:|: 
at  Milton  Lane,  in  descending  order : — 

^  This  was  also  pointed  out  by  Mr.  Bristow  in  his  paper  communicated  to  the 
Bath  Meeting  of  the  British  Association. 

t  At  Harbury,  in  Warwickshire,  the  Lima-beds  rest  immediately  on  the 
White  Lias. 

X  This  section  was  taken  conjointly  with  my  friend  Mr.  James  Parker. 



94  PEOCEEDINGS  OP  THE  GEOLOGICAL  SOCIETY.  [DcC.  6, 

Section  at  Milton  Lane. 

1.  Thick  blue  limestones,  compact,  containing  Zma  ̂ 2^rt!nz'e«,  feet,  inches. 
L.  dwplicata  and  another  species,  Hemicardium  cardio- 
ides,  Pinna,  Myacites,  Fecten,  Pholadomya,  and  Wald- 
heimia  perforata  (same  species  as  in  No.  4),  Ammonites 
Bucklandi,  A.  Conybeari,  2Lndi  Nautilus  striatus       5        0 

2.  Clay  and  bands  of  indurated  rubbly  limestone,  often  no- 
dular, with  many  fossils,  especially  Lima  gigantea       6        0 

3.  Thicker  beds  of  sandy  limestone,  divided  by  sand,  from 
4  to  8  inches  thick  ;  very  fossihferous        4         0 

4.  Sandy  limestones  and  intercalated  shale,  numerous  fos- 

sils— Lima  dupUcata,  Lima'},  small  Avicula,  Trochus 
(same  species  as  in  No.  5),  and  Waldheimia perforata^     7         0 

5.  Hard  sandy  shelly  limestone,  very  fossihferous,  with  par- 
ticles of  quartz,  and  shaly  partings  2  or  3  inches  each, 

yielding  Ammonites  (very  imperfect)  and  casts  of  As- 
\  tarte  Sin&  Trochus       5         0 

(  6.  White  Lias  limestone,  hard,  close-grained,  containing  the 
usual  fossils,  especially  Cardium  Bhceticum,  Modiola 
Hillana,  Lima,  and  Pecten.     I  did.  not  observe  Ostrea 

intusst7'iata,  nor  any  corals          7         4 
7.  Soft  marly  shale  (base  of  White  Lias),  with  Modiola  mi- 

nima,  M.  Hillana,    Cardium   Bhceticum,    Lima,    and 
spinj  Plicatula           3         0 

f  8.  A  peculiar  bed,  with  much  quartz,  broken  and  rubbly  ...  1  6 
9.  Black  shales,  with  thin  layers  of  selenite  in  some  parts, 

and  frequent  traces  of  peroxide  of  iron,  from  6  inches 
to  ̂   inch  thick.  Contains  Cardium  Ehceticum  and  Avi- 

cula contorta  unusually  well  preserved,  and  casts  of  other 

small  bivalves  and  apparently  some  minute  seed-vessels 
of  some  plant.  The  shells  were  tolerably  abundant,  but 
the  genera  few       8         0 

10.  Grey  marl ;  with  the  exception  of  traces  of  small  plants, 
no  fossils  were  observed       2         6 

11.  Alternations  of  clay  and  marl,  rather  variable,  about  3  or 
4  inches  thick        2         6 

12.  Hard  grey  mai'l,  similar  to  No.  15,  becoming  harder  as  it 
ascends       2         6 

13.  Soft  green  marl  and  shale       1         4 
14.  Series  of  grey  and  yellow  marls,  with  layers  of  marl  near 

the  top,  where  it  is  more  indurated        0        2 
.3/15.  Marly  parting       0         6 
^   L 16.  Ked  and  white  marls. 

The  Lima-series  here  amounts  to  27  feet,  the  White  Lias  to  10 
feet  4  inches.  The  Rhaetic  (including  the  grey  marls)  to  18  feet  6 
inches.  I  could  see  no  trace  o^  Ammonites  planorhis,  nor  any  of  the 

peculiar  limestones  indicating  the  "  Insect  and  Saurian"  zones,  which 
seem  to  be  entirely  wanting,  the  Lima-beds  resting  immediately 
upon  the  "  White  Lias."  There  is  certainly  a  greater  thickness  of 
Lias  at  this  spot  than  might  have  been  at  first  sight  expected,  con-, 
sidering  that,  as  a  whole,  it  thins  out  towards  the  Mendips,  with, 
which  it  here  comes  into  almost  immediate  contact.  The  direction 
of  the  lane  is  nearly  at  right  angles  to  the  strike  of  the  beds,  which 
dip  about  ten  degrees,  but  somewhat  irregularly,  being  much  dis- 

turbed to  the  north-east.  I  found  one  piece  of  bone-bed  lying  loose 

at  the  lower  end  of  the  lane,  near  the  bed  IS'o.  14,  full  of  bones,  teeth, 
*  Most  of  the  shells  in  nos,  1  &  4  were  too  imperfect  for  determination  of  the 

species. 
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and  scales  of  fish  (Hyhodus),  &c. ;  but  after  a  careful  search  on  several 
occasions,  neither  Mr.  Parker,  myself,  nor  the  workmen  could  find 
any  more,  or  discover  its  exact  position  in  situ.  The  lithological 
character  of  this  "  bone-bed"  was  rather  different  from  that  which  it 
usually  presents,  the  bones  and  teeth  being  imbedded  in  a  hard  mass 
of  limestone-conglomerate,  made  up  of  lighter-coloured  angular  frag- 

ments of  limestone  forming  a  kind  of  coarse  breccia.  On  another 
visit  to  Milton  Lane,  after  I  had  left  Wells,  Mr.  Parker  informed 
me  that  a  further  excavation  nearer  to  the  Mendips  exhibited  a 
slight  difference  in  the  stratum  No.  8,  which  was  much  faulted  and 
broken  up,  one  side  being  let  down,  with  an  intervening  band  of  dark 

shale  belonging,  I  suppose,  to  the  "  Avicula-contorta  zone." 

Decembee  20,  1865. 

Hugh  Leonard,  Esq.,  C.E.,  Calcutta ;  William  Lyon,  Esq.,  J.P., 
Wellington,  New  Zealand;  Moses  Pullen,  Esq.,  Painswick,  Glou- 

cestershire;  and   Charles  Stavely   Rooke,  M.I.C.E.,  12   Blenham 
Terrace,  Leeds,  were  elected  fellows. 

The  following  communication  was  read : — 

On  the  CoifDiTiONS  of  the  Deposition"  of  Coal,  more  especially  as 
illustrated  by  the  Coal-poematiojst  of  Nova  Scotia  and  New 

Brunswick.  By  J.  W.  Dawson^,  LL.D.,  E.E.S.,  E.G.S.,  Principal 
of  M^'Gill  College,  Montreal. 

[Plates  V-XII.] 
CONTEIfTS. 

I.  Introduction. 

II.  General    Considerations   relating 
to  Physical  Conditions. 

1,  Physical  Characters  of  the  several 
Coal-formations. 

a.  The  Upper  Coal-formation. 
b.  The  Middle  Coal-formation, 

or  Coal-measures  proper. 

c.  The  "  Millstone-grit "  for- mation. 
d.  The    Lower    Carboniferous 

Marine  formation. 
e.  The  Lower  Coal-measures. 

2.  Physical  Conditions  attending 

the  Deposition  of  the  Coal- 
formations. 

3.  Geological  Cycles. 
4.  Summary  of  facts  relating  to  the 

mode  of  accumulation  of  Coal. 
III.  Details  of  the  Character  and  Fossil 

Contents  of  the  several  Beds  of 

Coal,  as  exposed  in  the  South 
Joggins  Section. 

1.  Introduction. 

2.  Logan's  Section. a.  Division  1.      e.  Division  5. 

b.  Division  2.    /.  Division  6. 
c.  Division  3.     y.  Division  7. 
d.  Division  4.     h.  Division  8. 

IV.  Remarks    on    the  Animals   and 

Plants  whose  remains  occur  in 
the  Coal. 

1.  Introduction. 
2.  Coniferous  Trees. 

3.  Sigillarise. 
4.  Calamodendron. 
5.  Calamites. 

6.  Asterophyllites,  &c. 
7.  Filices. 
8.  Megaphyton. 
9.  Lepidodendron. 

10.  Lepidophloios. 
11.  Cordaites,  or  Pychnophylhini. 

12.  Sporangites. 
13.  Tissues  in  the  Mineral  Charcoal. 

a.  Bast  tissue. 
b.  Vascular  bundles  of  Perns. 
c.  Scalariform  vessels. 

d.  Discigerous  wood-cells. 
e.  Epidermal  tissue. 

14.  Eate  of  growth  of  Carbonife- 
rous Plants. 

15.  Bivalve  Shells. 

16.  Spirorbis  carbonarius. 
17.  Crustacea. 
18.  Fishes. 

19.  Land-animals. 

V.  Appendix :  Descriptive  List  of 
Carboniferous  Plants  found  in 
Nova  Scotia  and  New  Brunswick. 
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§  I.    lNTK0DTJCT10i;r. 

In  several  former  papers  presented  to  this  Society,  I  have  endea- 
voured to  illustrate  the  arrangement  of  the  Carboniferous  rocks  of 

Nova  Scotia,  and  to  direct  attention  to  their  organic  remains,  the 
structures  found  in  their  coals,  and  the  evidence  which  they  afford 
as  to  the  mode  of  accumulation  of  that  mineral.  The  present  paper 
is  intended  as  the  summing  up  and  completion  of  these  researches, 
with  the  addition  of  the  new  facts  resulting  from  a  careful  study  of 
the  microscopic  structure  of  more  than  seventy  beds  of  coal  occurring 
in  the  South- Joggins  section,  and  of  the  fossil  plants  associated  with 
them.  These  results  will,  I  hope,  throw  much  additional  light 
on  some  of  the  more  difficult  problems  connected  with  the  theory  of 
the  accumulation  of  vegetable  matter  in  the  Carboniferous  period, 

and  its  conversion' into  coal. 
The  subjects  to  which  I  propose  to  direct  attention  may  be  con- 

veniently arranged  under  the  following  heads  : — 
(1)  General  considerations  relating  to  the  physical  conditions  of 

the  Carboniferous  period  in  ITova  Scotia. 
(2)  Details  of  the  character  and  contents  of  the  several  beds  of 

coal  in  the  Joggins  section,  arranged  in  the  order  of  Logan's Sectional  List. 

(3)  Eemarks  on  the  genera  of  animals  and  plants  whose  remains 
occur  in  the  coal,  and  on  their  connexion  with  its  accumulation. 

§  II.  General  Considerations  relating  to  Physical  Conditions. 

1.  Physical  Characters  of  the  several  Coal-formations. — The  total 
vertical  thickness  of  the  immense  mass  of  sediment  constituting  the 
Carboniferous  system  in  Nova  Scotia  may  be  estimated  from  the 
fact  that  Sir  W.  E.  Logan  has  ascertained  by  actual  measurement  at 
the  Joggins  a  thickness  of  14,570  feet ;  and  this  does  not  include 
the  lowest  member  of  the  series,  which,  if  developed  and  exposed  in 
that  locality,  would  raise  the  aggregate  to  at  least  16,000  feet.  It 
is  certain,  however,  that  the  thickness  is  very  variable,  and  that  in 
some  districts  particular  members  of  the  series  are  wanting,  or  are 
only  slenderly  developed.  Still  the  section  at  the  Joggins  is  by  no 
means  an  exceptional  one,  since  I  have  been  obliged  to  assign  to  the 
Carboniferous  deposits  of  Pictou,  on  the  evidence  of  the  sections 

exposed  in  that  district,  a  thickness  of  about  16,000*  feet ;  and  Mr. 
Brown  has  estimated  the  Coal-formation  of  Cape  Breton,  exclusive  of 
the  Lower  Carboniferous,  at  10,000  feet  in  thickness f. 

When  fully  developed,  the  whole  Carboniferous  series  may  be 
arranged  in  the  following  subordinate  groups  or  formations,  the 
limits  of  which  are,  however,  in  most  cases  not  clearly  defined  : — 

a.  The  Ujpper\Coal-for'mation. — It  consists  of  sandstones,  shales, 
and  conglomerates,  with  a  few  thin  beds  of  limestone  and  coal.  Cala- 
mites  SucTcovii,  Anmilaria  galioides,  Cordaites  simplex,  Alethopteris 
nervosa,  Pecopteris  arhoresccns,  Dadoxylon  materiariiim,  Lepidophloios 
parvus,  and  Sigillaria  scutellata,  are  among  its  characteristic  vege- 

table fossils. 

^-  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  329.  t  ̂^id-  vol.  vi.  p.  116. 
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b.  The  Middle  Coal- formation,  or  Coal-r)ieasures  proper. — This 
series  includes  the  productive  beds  of  coal,  and  is  destitute  of  pro- 

perly marine  limestones.  Beds  tinged  with  peroxide  of  iron  are  less 
common  in  this  formation  than  in  any  of  the  others.  Dark-coloured 
shales  and  grey  sandstones  prevail,  and  there  are  no  conglomerates. 
Sigillarice  and  Stigmarice  of  many  species  are  the  most  conspicuous 
and  abundant  fossils,  but  Ferns,  Cordaites,  and  Calamites  are  also 
extremely  abundant,  and  all  the  genera  of  Carboniferous  plants  are 
represented.  Many  beds,  especially  those  in  the  vicinity  of  layers  of 
coal,  contain  minute  Entomostraca,  shells  of  the  genus  Antliracomya 
{Naiadites),  Spirorlis  carhonarius,  and  remains  of  ganoid  and  placoid 
fishes. 

c.  The  "Millstone-grit^^  Formation. — This  name,  though  not  in 
all  cases  Hthologically  appropriate,  has  been  borrowed  from  English 
geology  to  designate  the  group  of  sandstones,  shales,  and  conglome- 

rates, destitute  of  coal,  or  nearly  so,  and  with  few  fossil  plants,  which 
underlies  the  Coal-measures.  In  its  upper  and  middle  part  it  in- 

cludes thick  beds  of  coarse  grey  sandstone  holding  prostrate  trunks 
of  coniferous  trees  {Dadoxylon  Acadianiim).  In  its  lower  part  red 
and  comparatively  soft  beds  prevail. 

d.  The  Lower  Carboniferous  Marine  Formation. — The  essential  fea- 
tures of  this  formation  are  thick  beds  of  marine  limestone,  charac- 

terized principally  by  numerous  Brachiopods,  especially  Productus 

Cora,  P.  semh^eticidatus,  Atlujris  suhtilita,  and  Terehratula  suffiata*, 
with  other  marine  invertebrates.  Associated  with  these  limestones 

are  beds  of  gypsum,  and  they  are  enclosed  in  thick  deposits  of  sand- 
stone, clay,  and  marl,  of  prevailing  red  colours. 

e.  The  Lower  Carboniferous  Coal-measures,  or  Loiver  Coal- 
measures. — In  some  localities  these  resemble  in  mineral  character 

the  true  Coal-measures.  In  others  they  present  a  great  thickness 
of  peculiar  bituminous  and  calcareous  shales.  They  usually  contain 
in  their  lower  part  thick  beds  of  conglomerate,  and  coarse  sandstone 
which  in  some  places  prevail  to  the  exclusion  of  the  finer  beds. 
The  characteristic  plants  of  these  beds  are  Lepidodendron  corru- 
gatum,  and  Cydopteris  Acadica,  with  Dadoxylon  antiquius,  and 
Alethopteris  heterophyllaf.  They  also  contain  locally  great  quantities 
of  remains  of  fishes,  and  many  Entomostracans,  among  which  are 
Leaia  Leidyi  and  an  Estheria,  also  Leperditia  subrecta,  Portlock, 
Beyrichia  coUicidus,  Eichw.,  and  a  CythereX,  probably  new. 

The  last  two  groups  are  equivalent  to  the  "  Sub -carboniferous  " 
of  some  American  geologists;  but  independently  of  the  objection  to 
the  use  of  a  term  which  would  seem  to  imply  a  formation  under, 
and  distinct  from,  the  Carboniferous,  and  of  undetermined  age,  I  find 
in  Nova  Scotia  no  reason,  either  palaeontological  or  stratigraphical, 
for  any  greater  distinction  than  that  implied  in  the  term  Lower 

*  See  Davidson  "On  Lower  Carboniferous  Brachiopoda  from  Nova  Scotia," 
Quart.  Journ.  Geol.  Soc.  vol.  xix.  p.  158. 

t  Dawson,  "  On  the  Lower  Coal-measures,"  &c,,  Quart.  Journ.  Geol.  Soc. 
vol.  XV.  p.  62. 

X  Prof.  Jones  has  kindly  determined  these  species. 
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Carboniferous.  The  Lower  Coal-measures  are,  it  is  true,  more 
distinct  in  their  flora  from  the  Middle  Coal-measures  than  the  latter 

from  the  Upper  Coal-formation ;  but  still  many  species  are  common 
to  the  two  former,  and  the  difference  is  small  as  compared  with  that 
between  the  Lower  Carboniferous  and  the  Upper  Devonian.  The 
Devonian  rocks  are  also  in  this  region  unconformable  to  the  Carbo- 

niferous, having  been  disturbed  and  altered  prior  to  the  deposition  of 
the  latter ;  while  no  want  of  conformity,  except  of  the  local  character 
hereafter  to  be  noticed,  occurs  in  the  Carboniferous. 

2.  Physical  Conditions  attending  the  Deposition\of  the  Coal-forma- 
tions.— The  conditions  of  deposit  implied  in  the  mineral  character  of 

the  several  formations  above  described,  would  appear  to  be  of  three 

leading  kinds : — (l)The  deposition  of  coarse  sediment  in  shallow  water, 
with  local  changes  leading  to  the  alternation  of  clay,  sand,  and 
gravel.  This  predominates  at  the  beginning  of  the  period,  recurs 
after  the  deposition  of  the  marine  limestones  in  the  formation  of  the 

"Millstone -grit,"  and  again  prevails  in  the  Upper  Coal-formation. 
(2)  The  growth  of  corals  and  shellfish  in  deep  clear  water,  along 
with  the  precipitation  of  crystalline  limestone  and  gypsum.  These 
conditions  occurred  during  the  formation  of  the  Lower  Carboniferous 
Limestone  and  its  associated  gypsum.  (3)  The  deposition  of  fine  sedi- 

ment, and  the  accumulation  of  vegetable  matter  in  beds  of  coal  and 
carbonaceous  and  bituminous  shale,  and  of  mixed  vegetable  and 
animal  matters  in  the  beds  of  bituminous  limestone  and  calcareo- 
bituminous  shale.  These  conditions  were  those  of  the  Middle  Coal- 
formation. 

Within  the  limits  of  Wova  Scotia,  these  conditions  of  deposition  ap- 
plied, not  to  a  wide  and  uninterrupted  space,  but  to  an  area  limited 

and  traversed  by  bands  of  Silurian  and  Devonian  rocks,  already  par- 
tially metamorphosed  and  elevated  above  the  sea,  and  along  the 

margins  of  which  igneous  action  still  continued,  as  evidenced  by  the 

beds  of  trap  intercalated  in  the  Lower  Carboniferous*;  while  about 
the  close  of  the  Devonian  period  still  more  important  injections  and 
intrusions  of  igneous  matter  had  occurred,  as  shown  by  the  granitic 
dykes  and  masses  which  traverse  the  Devonian  beds,  but  have  not 
penetrated  the  Carboniferous  t-  There  is  evidence,  however,  in  the 
Carboniferous  rocks  of  the  Magdalen  Islands  and  of  Newfoundland, 
and  in  the  fringes  of  such  rocks  on  parts  of  the  coast  of  Nova 
Scotia  J  and  New  England,  that  the  area  in  question  was  only  a  part 
of  a  far  more  extensive  region  of  Carboniferous  deposition,  the  greater 
part  of  which  is  still  under  the  waters  of  the  Atlantic  and  of  the  Gulf 
of  St.  Lawrence. 

There  is  ample  proof  that  most  of  the  coarser  matter  of  the  Car- 
boniferous rocks  was  derived  from  the  neighbouring  metamorphic 

ridges ;  but  much  of  the  finer  material  was  probably  drifted  from 
more  distant  sources.  There  seems  no  good  reason  to  doubt  that  in 
the  Carboniferous  period,  and  especially  in  those  portions  of  it  in 

*  Dawson,  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  329. 
t  Dawson,  Canadian  Naturalist,  1860,  p.  142. 

X  Jukes's  '  Newfoundland ;'  •  Acad.  Geology,'  p.  274. 
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which  the  areas  now  under  consideration  were  in  the  condition  of 
shallow  seas  or  swampy  flats,  the  greater  part  of  the  Lauren tian  and 
Silurian  districts  of  North  America  existed  as  land  ;  while  the  great 
number  of  Coal-formation  plants  common  to  Europe  and  America 
may  indicate  the  existence  of  intermediate  lands  now  submerged. 
From  such  lands,  undergoing  waste  during  the  long  Carboniferous 
time,  the  materials  of  the  shales  and  finer  sandstones  may  have  been 
derived. 

Taking  this  view  of  the  source  of  the  sediment,  we  should  infer 
that  the  time  of  the  formation  of  the  marine  limestones  was  that  of 

greatest  depression  of  the  land,  when  the  local  ridges  of  older  rock 
were  mere  reefs  and  islets,  and  when  sediment  from  more  distant 
lands  was  deposited  only  at  intervals.  We  should  also  infer  that  the 
time  of  the  formation  of  the  coal-beds  was  that  of  greatest  elevation, 
when  the  former  sea-bottoms  had  become  land-surfaces  or  flats, 
exposed  only  to  occasional  inundation,  and  when  rivers  were  bearing 
downward  from  large  continental  regions  great  quantities  of  fine 
silt.  Further,  the  conditions  of  the  Millstone-grit  and  of  the  Newer 
Coal-formation  must  have  beeli  of  an  intermediate  character,  re- 

quiring wide  sea-areas  receiving  great  quantities  of  sediment,  and 
on  this  account,  as  well  as  because  of  their  shallowness,  unfavourable 
to  marine  life,  while  the  areas  of  vegetable  growth  were  also  of 
limited  extent. 

It  would  also  follow  that  when  the  Lower  Coal-measures  and 
conglomerates  were  formed,  the  land  was  slowly  subsiding  ;  that  in 
the  time  of  the  marine  limestones  it  attained  to  its  greatest  depres- 

sion, and  long  remained  nearly  stationary ;  that  in  the  Millstone- 
.  grit  period  there  was  re-elevation,  and  that  in  the  period  of  the 
Middle  Coal-formation  and  Newer  Coal-formation  there  was  again 
subsidence,  slow  and  interrupted  at  first,  but  subsequently  of  greater 
amount.  From  the  absence  of  Permian  deposits  it  Liay  be  inferred 
that  elevation  again  took  place  at  the  close  of  the  Carboniferous  period, 
to  such  an  extent  as  to  preclude  further  deposition  in  the  area  in 
question  ;  while  the  red  sandstone  and  trap  of  Mesozoic  age  indicate 
the  recurrence  at  that  time  of  conditions  somewhat  similar  to  those 
of  the  beginning  of  the  Carboniferous  period. 

The  general  phenomena  of  deposition  above  indicated  apply  to  all 
the  Carboniferous  areas  of  Nova  Scotia  and  New  Brunswick,  and,  so 
far  as  known,  to  those  of  the  Magdalen  Islands  and  of  Newfoundland. 

But,  as  I  have  pointed  out  in  *  Acadian  Geology,'  numerous  local 
diversities  occur,  in  consequence  of  the  interference  of  the  older 
elevated  ridges  with  the  regularity  of  deposition.  In  some  places  the 
entire  Lower  Carboniferous  series  seems  to  be  represented  by  con- 

glomerates and  coarse  sandstones.  In  others,  the  Lower  Coal- 
measures,  or  the  Marine  Limestones,  or  both,  are  extensively  deve- 

loped. These  local  diflerences  are,  on  a  small  scale,  of  the  same 
character  with  those  which  occur  on  a  large  scale  in  the  Northern 
and  Southern  Appalachian  districts  andWestern  districts  of  the  United 
States,  and  in  the  different  coal-areas  of  Great  Britain  and  Ireland, 
as  compared  with  each  other  and  with  the  Carboniferous  districts  of 
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America.  On  the  whole,  however,  it  is  apparent  that  certain  grand 
features  of  similarity  can  be  traced  in  the  distribution  of  the  Carbo- 

niferous rocks  throughout  the  northern  hemisphere. 
It  is  further  to  be  observed  that  in  Nova  Scotia  and  New  Bruns- 

wick, as  well  as  in  Eastern  Canada,  disturbances  occurred  at  the 
close  of  the  Devonian  period  which  have  caused  the  Carboniferous 
rocks  to  lie  unconformably  on  those  of  the  former ;  and  that  in 
like  manner  the  Carboniferous  period  was  followed  by  similar  dis- 

turbances, which  have  thrown  the  Carboniferous  beds  into  synclinal 
and  anticlinal  bends,  often  very  abrupt,  before  the  deposition  of  the 
Triassic  Red  Sandstones.  These  disturbances  were  of  a  different  cha- 

racter from  the  oscillations  of  level  which  occurred  within  the  Carbo- 
niferous period.  They  were  accompanied  by  volcanic  actfon,  and 

were  most  intense  along  certain  lines,  and  especially  near  the  junc- 
tion of  the  Carboniferous  with  the  older  formations. 

I  have  noticed  an  apparent  case  of  unconformabiHty  between 
members  of  the  Carboniferous  system  near  Antigonish*.  In  the 
county  of  Pictou  the  arrangement  of  the  beds  suggests  a  possible 
unconformability  of  the  Upper  Coal-formation  and  the  Coal-mea- 

sures f.  In  New  Brunswick  Prof.  Bailey  j  has  observed  indications 

of  local  unconformability  of  the  Coal-formation  with  the  '  Lower 
Carboniferous.  But  the  strict  conformability  of  all  the  members  of 
the  Carboniferous  series  in  the  great  majority  of  cases,  shows  that 
these  instances  of  unconformability  are  exceptional.  In  the  section 
at  the  Joggins,  more  especially,  the  whole  series  presents  a  regular 
dip,  diminishing  gradually  from  the  margin  to  the  middle  line  of  the 
trough,  where  the  beds  become  horizontal. 

The  most  gradual  and  uniform  oscillations  of  level  must,  however, 
be  accompanied  with  irregularities  of  deposition  and  local  denuda- 

tion ;  and  phenomena  of  this  kind  are  abundantly  manifest  in  the 
Carboniferous  strata  of  Nova  Scotia.  I  have  described  in  '  Acadian 

Geology'  a  bed  in  the  Pictou  coal-field  which  seems  to  be  an  ancient 
shingie-beach,  extending  across  a  bay  or  indentation  in  the  coast-line 
of  the  Carboniferous  period§.  At  the  Joggins  many  instances  occur  of 
the  sudden  running  out  and  cutting  off  of  beds  ||,  and  Mr.  Brown  has 
figured  a  number  of  instances  of  this  kind  in  the  Coal-formation  of 
Sydney^.  They  are  of  such  a  character  as  to  indicate  the  cutting 
action  of  tidal  or  fluviatile  currents  on  the  muddy  or  sandy  bottom  of 
shallow  water.  In  some  instances  the  layers  of  sand  and  drift- 
plants  filling  such  cuts  suggest  the  idea  of  tidal  channels  in  an 
estuary  filled  with  matter  carried  down  by  river-inundations.  Even 
the  beds  of  coal  are  by  no  means  uniform  when  traced  for  consider- 

able distances.  The  beds  which  have  been  mined  at  Pictou  "and  the 
Joggins  show  material  differences  in  quality  and  associations ;  and 
small  beds  may  be  observed  to  change  in  a  remarkable  manner,  in 

*  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  32. 
t  Ibid.  vol.  X.  p.  42  ;  Acadian  Geology,  p.  249. 
\  Heport  on  Geology  of  Southern  j^Tew  Brunswick,  p.  US. 
§  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  45.  ||  Ihid.  vol.  x.  p.  12. 
•[[  Ibid.  vol.  vi.  p.  125  et  seq. 
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their  thickness  and  in  the  materials  associated  with  them,  in  tracing 
them  a  few  hundreds  of  feet  from  the  top  of  the  cliff  to  low-water 
mark  on  the  beach.  I  have  no  doubt  that,  could  we  trace  them 
over  sufficiently  large  areas,  they  would  all  be  found  to  give  place  to 
sandstones,  or  to  run  out  into  bituminous  shales  and  limestones, 
according  to  the  undulations  of  the  surfaces  on  which  they  were 
deposited,  just  as  the  peaty  matter  in  modern  swamps  thins  out 
toward  banks  of  sand,  or  passes  into  the  muck  or  mud  of  inun- 

dated flats  or  ponds. 

3.  Geological  Cycles. — The  foregoing  considerations  bring, in:  a  very 
distinct  manner,  before  us  two  difierent,  and  at  first  sight  irreconcile- 
able,  general  views  which  we  may  take  of  any  given  geological  period. 
First^e  must  regard  every  such  period  as  presenting  during  its  whole 
continuance  the  diversified  conditions  of  land  and  water  with  their 

appropriate  inhabitants ;  and  secondly ̂   we  must  consider  each  such 
period  as  forming  a  geological  cycle,  in  which  such  conditions  to  a 
certain  extent  were  successive.  As  we-  give  prominence  to  one  or 
the  other  of  these  views,  our  conclusions  as  to  the  character  of  geo- 

logical chronology  must  vary  in  their  character;  and  in  order  to 
arrive  at  a  true  picture  of  any  given  time,  it  is  necessary  to  have 
both  before  us  in  their  due  proportion. 

"We  know  that  the  marine^animals  of  the  Lower  Carboniferous  seas 
continued  to  exist  in  the  time  of  the  Coal-formation,  and  that  some 
of  them  survived  until  the  Permian  period,  proving  to  us  the  exis- 

tence of  deep  seas  even  in  that  age  which  we  regard  as  specially 
characterized  by  swampy  flats  supporting  land -plants.  In  like  man- 

ner we  know  that  some  of  the  species  of  land-plants  found  in  the 
lowest  Coal-measures  continued  to  exist  in  the  time  of  the  Upper 
Coal-formation,  proving  that  there  was  some  land  suitable  for  them 
throughout  the  epoch  of  the  deep-sea  limestones.  Regarded  from 
this  point  of  view,  any  exceptional  beds  with  land-plants  in  the 
marine  parts  of  the  formation,  or  beds  with  sea-shells  in  the  parts 
where  land-conditions  predominate,  acquire  a  special  interest ;  and 
so  likewise  do  regions  in  which,  as  in  some  parts  of  the  Appalachian 
Coal-field,  the  marine  limestones  are  absent,  and  those  in^which,  as 

in  some  parts  of  the  "Western  States,  marine  conditions  seem  to  have continued  throughout  the  whole  period.  In  Nova  Scotia,  so  far 
as  my  present  knowledge  extends,  the  marine  limestones  of  the 
Lower  Carboniferous  cut  oiF  the  flora  of  the  Lower  Coal-measures, 
apparently  by  a  long  interval  of  time,  from  that  of  the  Middle  Coal- 
formation;  and  in  like  manner  the  fossils  of  the  marine  limestones 

cease  at  the  time  of  the  Millstone -grit,  and  only  in  one  instance, 
that  of  a  small  bed  of  limestone  near  Wallace  Harbour,  partially  re- 

appear in  the  Upper  Coal-formation*.  I  have,  however,  ascertained 
that  the  Marine  Limestones  may  be  divided  into  an  upper  and  a 
lower  member,  and  that  there  is  some  reason  to  suppose  that  in 
some  parts  of  Nova  Scotia,  where  the  true  Coal-measures  are  not 
developed,  the  upper  member  may  in  part,  at  least,  represent  themf. 

^  Acad.  Greol.  p.  183;  Quart,  Journ.  G-eol,  Soc.  vol.  ii.  p.  133. 
t  Quart.  Journ.  aeol.  Soc.  vol.  xv.  pp.  63  et  seq.  My  friend  Mr.  C.  F.  Hartt,  who 
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On  the  other  hand,  I  have  not  as  yet  been  able  to  bridge  over  the 
gulf  which  separates  the  flora  of  the  Lower  Carboniferous  Coal- 
measures  from  that  of  the  Middle  Coal-formation,  an  interval  which 

may  include  much  of  the  "  Lower  Coal-measures"  of  Eogers  in  the 
Pennsylvania  Coal-field. 

Turning  to  that  broader  view  which  takes  the  prevalent  conditions 
of  each  portion  of  the  period  as  characteristic,  notwithstanding  the 
local  existence  of  dissimilar  conditions,  we  not  only  find,  as  already 

stated,  that  the  sequence  in  JS'ova  Scotia  coincides  generally  with that  in  other  parts  of  America  and  in  Europe,  but  that,  viewed  in 
this  aspect,  the  Carboniferous  period  constitutes  one  of  four  great 
physical  cycles,  which  make  up  the  Palaeozoic  age  in  Eastern 
America — and  each  of  which  was  characterized  by  a  great  subsidence 
and  partial  re-elevation,  succeeded  by  a  second  and  very  gradual 
subsidence.  Viewed  in  this  way,  the  Lower  Carboniferous  conglo- 

merate and  Lower  Coal-measures  correspond  analogically  with  the 
Oriskany  Sandstone,  the  Oneida  and  Medina  Sandstones,  and  the 
Potsdam  and  Calciferous.  The  Carboniferous  Limestone  corresponds 
with  the  Corniferous  Limestone,  the  Niagara  Limestone,  and  the 

Trenton  group  of  limestones.  The  Coal-measures  correspond  with 
the  Hamilton  group,  the  Salina  group,  and  the  Utica  Shale.  The 
Upper  Coal-formation  corresponds  with  the  Chemung,  the  Lower 
Helderberg,  and  the  Hudson -River  groups.  The  Permian  is  not 
represented  in  Eastern  America;  but  as  developed  in  Europe  it 
clearly  constitutes  a  similar  cycle.  These  parallelisms,  which  deserve 
more  attention  from  geologists  than  they  have  yet  received,  may  be 
tabulated  thus  * : — 

Tabular  View  of  Cycles  in  the  Palaeozoic  Age  in  Eastern  America. 
(The  several  formations  are  arranged  in  descending  order.) 

Character  of  group. 
Lower 

Silurian. 
Upper 

Silurian. Devonian. 

Carbo- 

niferous. 

Shallow,   subsiding   marine 

area,  filling  up  with  sedi- VHudson-Eiver 

;      group. 

^  Utica  shale  .. 
/Trenton,  Black 

-j      E.  and  Chazy 
\     limestones. 
\  Potsdam     and 

y     Calciferous )      sandstones. 

Lower  Helder- 
berg group. 

Salina  group. . 

Niagara    and 
Clinton 
limestones. 

Oneida     and 
Medina 
sandstones. 

Chemung  gr. . . 

Hamilton  gr. .. 

Corniferous 
limestone. 

Oriskany  sand- 
stone. 

Upper    Coal- 
formation. 

Coal-mea- sures. 

Lower   Carbo- 
niferous lime- 

stone. 
Lower      Coal- measures  and 

conglomerate. 

Elevation,  followed  by  slow 
subsidence,  land-surfaces, 
&e   

Marine  conditions;  forma- 
tion of  limestones,  &c.    . . 

Subsidence  ;    disturbances ; 

deposition  of  coarse  sedi- 
ment    

In  the  Permian  of  Europe,  the  Stinkstein,  the  Eauchwacke,  the 
Zechstein,  and  the  Eothhegendes  might  form  a  fifth  parallel  column. 

has  more  recently  studied  the  Marine  Limestones,  has  obtained  facts  which  seem  to 
indicate  the  possibility  of  a  more  minute  subdivision  than  any  hitherto  attempted 
of  these  beds. 

*  Dr.  Sterry  Hunt  has  directed  attention  to  them  in  a  paper  "  On  Bitumens," 
*  Silliman's  Journal '  [2],  xxxy.  p,  166,  and  in  the  '  Geology  of  Canada,'  1863, 
p.  627  ;  and  Dana  refers  to  them  in  his  '  Manual  of  Geology.'  Eaton  and  Hall 
had  previously  noticed  these  parallelisms. 
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Of  course  such  parallelism  might  be  variously  expressed  by  reckon- 
ing a  smaller  or  larger  number  of  groups.  Independently  of  these 

different  modes  of  statement,  however,  I  believe  that  the  basis  -of 
such  comparisons  exists  in  nature,  and  that  it  will  prove  possible  to 
subdivide  geological  time  into  determinate  natural  cycles,  the  parts 
of  which  are  analogous  to  those  of  similar  cycles.  A  further  question 
to  be  solved  is,  whether  such  cycles  corresponded  in  all  parts  of  the 
world,  or  whether,  as  is  more  likely,  the  earth  might  be  divided  into 
areas  in  which  in  each  cycle  elevation  and  subsidence  were  contem- 

poraneous. So  far  as  the  present  subject  is  concerned,  I  merely 
desire  to  show  that  the  Carboniferous  rocks  of  Nova  Scotia  represent 

a  complete  cycle  of  the  earth's  history,  and  correspond  in  time  with 
the  CaHoniferous  of  Europe,  and  in  value  with  the  other  great 
divisions  of  the  Palaeozoic  age. 

4.  Summary  of  facts  relating  to  the  m^ode  of  accumulation  of  Goal. 
- — ^With  regard  to  the  more  special  subject  of  this  paper,  I  would 
rather  invite  attention  to  the  details  to  be  presented  under  the  next 

head,  than  make  any  preliminary  general  statements.  It  is,  how- 
ever, necessary  to  notice  here  the  several  views  which  have  prevailed 

as  to  the  probable  accumulation  of  coal  by  driftage  or  growth  in 

situ,  in  water  or  on  land.  I  have  already,  in  previous  publications*, 
stated  very  fully  the  conclusions  at  which  I  have  arrived  on  some 
portions  of  this  subject,  and  I  would  now  sum  up  the  more  import- 

ant general  truths  as  follows : — (1)  The  occurrence  of  Stigmaria 
under  nearly  every  bed  of  coal,  proves  beyond  question  that  the 
material  was  accumulated  by  growth  m  situ,  while  the  character  of 
the  sediments  intervening  between  the  beds  of  coal  proves  with 
equal  certainty  the  abundant  transport  of  mud  and  sand  by  water. 
In  other  words,  conditions  similar  to  those  of  the  swampy  deltas  of 
great  rivers  are  implied.  (2)  The  true  coal  consists  principally  of 
the  flattened  bark  of  Sigillarioid  and  other  trees,  intermixed  with 
leaves  of  ferns  and  Cordaites,  and  other  herbaceous  debris,  and  with 

fragments  of  decayed  wood  constituting  "  mineral  charcoal,"  all 
these  materials  having  manifestly  alike  grown  and  accumulated 
where  we  find  them.  (3)  The  microscopical  structure  and  chemical 
composition  of  the  beds  of  Cannel-coal  and  earthy  bitumen,  and  of 
the  more  highly  bituminous  and  carbonaceous  shales,  show  them  to 
have  been  of  the  nature  of  the  fine  vegetable  mud  which  accumu- 

lates in  the  ponds  and  shallow  lakes  of  modern  swamps.  When 
such  fine  vegetable  sediment  is  mixed,  as  is  often  the  case,  with 
shales,  it  becomes  similar  to  the  bituminous  limestone  and  calcareo- 
bituminous  shales  of  the  Coal-measures.  (4)  A  few  of  the  under- 
clays  which  support  beds  of  coal  are  of  the  nature  of  the  vegetable 
mud  above  referred  to ;  but  the  greater  part  are  argillo-arenaceous 
in  composition,  with  little  vegetable  matter,  and  bleached  by  the 
drainage  from  them  of  water  containing  the  products  of  vegetable 
decay.  They  are,  in  short,  loamy  or  clay  soils,  and  must  have  been 
sufficiently  above  water  to  admit  of  drainage.     The  absence  of  sul- 

*  "  On  the  Structures  of  Coal,"  Quart.  Journ.  Geol.  See,  vol.  xv.  Air-breathers 
of  the  Coal  Period,  Montreal,  1863,  p.  18. 

I  2 
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pliurets,  and  the  occurrence  of  carbonate  of  iron  in  connexion  with 
them,  prove  that,  when  they  existed  as  soils,  rain-water,  and  not  sea- 
water,  percolated  them.  (5)  The  coal  and  the  fossil  forests  present 
many  evidences  of  subaerial  conditions.  Most  of  the  erect  and 
prostrate  trees  had  become  hollow  shells  of  bark  before  they  were 
finally  imbedded,  and  their  wood  had  broken  into  cubical  pieces  of 
mineral  charcoal.  Land-snails  and  galley-worms  (Xylohius)  crept 
into  them,  and  they  became  dens  or  traps  for  reptiles.  Large  quan- 

tities of  mineral  charcoal  occur  on  the  surfaces  of  all  the  larger  beds 
of  coal.  None  of  these  appearances  could  have  been  produced  by 
subaqueous  action.  (6)  Though  the  roots  of  Sigillaria  bear  some 
resemblance  to  the  rhizomes  of  certain  aquatic  plants,  yet  structu- 

rally they  are  absolutely  identical  with  the  roots  of  Cycads,  which 
the  stems  also  resemble.  Further,  the  SigiUarice  grew  on  the  same 
soils  which  supported  Conifers,  Lepiclodendra,  Cordaites,  and  Ferns, 
plants  which  could  not  have  grown  in  water.  Again,  with  the  ex- 

ception, perhaps,  of  some  Pinnularice  and  Aster o^hyllites,  there  is  a 
remarkable  absence  from  the  Coal-measures  of  any  form  of  properly 
aquatic  vegetation.  (7)  The  occurrence  of  marine  or  brackish- 
water  animals  in  the  roofs  of  coal-beds,  or  even  in  the  coal  itself, 
affords  no  evidence  of  subaqueous  accumulation,  since  the  same  thing 
occurs  in  the  case  of  modern  submarine  forests.  For  these  and 

other  reasons,  some  of  which  are  more  fully  stated  in  the  papers 
already  referred  to,  while  I  admit  that  the  areas  of  coal-accumu- 

lation were  frequently  submerged,  I  must  maintain  that  the  true 
coal  is  a  subaerial  accumulation  by  vegetable  growth  on  soils  wet 
and  swampy,  it  is  true,  but  not  submerged.  I  would  add  the  further 
consideration,  already  urged  elsewhere,  that,  in  the  case  of  the  fossil 
forests  associated  with  the  coal,  the  conditions  of  submergence  and 

silting-up  which  have  preserved  the  trees  as  fossils  must  have  been 
precisely  those  which  were  fatal  to  their  existence  as  living  plants — 
a  fact  sufficiently  evident  to  us  in  the  case  of  modern  submarine 
forests,  but  often  overlooked  by  the  framers  of  theories  of  the  accu- 

mulation of  coal. 

It  seems  strange  that  the  occasional  inequalities  of  the  floors  of 
the  coal-beds,  the  sand  or  gravel  ridges  which  traverse  them,  the 
channels  cut  through  the  coal,  the  occurrence  of  patches  of  sand, 
and  the  insertion  of  wedges  of  such  material  splitting  the  beds,  have 
been  regarded  by  some  able  geologists  as  evidences  of  the  aqueous 
origin  of  coal.  In  truth,  these  appearances  are  of  constant  occur- 

rence in  modern  swamps  and  marshes,  more  especially  near  their 
margins,  or  where  they  are  exposed  to  the  effects  of  ocean-storms  or 
river-inundations.  The  lamination  of  the  coal  has  also  been 
adduced  as  a  proof  of  aqueous  deposition;  but  the  microscope  shows, 
as  I  have  elsewhere  pointed  out,  that  this  is  entirely  different  from 
aqueous  lamination,  and  depends  on  the  superposition  of  successive 
generations  of  more  or  less  decayed  trunks  of  trees  and  beds  of 
leaves.  The  lamination  in  the  truly  aqueous  cannels  and  carbo- 

naceous shales  is  of  a  very  different  character. 
It  is  scarcely  necessary  to  remark  that  in  the  above  summary  I 
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have  had  reference  principally  to  the  appearances  presented  by  the 
Coal-formation  of  Nova  Scotia,  and  that  I  have  no  wish  to  under- 

value the  admirable  researches  on  this  subject  of  Brongniart, 
Goeppert,  Hawkshaw,  Beaumont,  Binney,  Kogers,  Lesquereux,  and 
others,  whose  publications  on  this  subject  I  have  read  with  interest, 
and  have  tested  in  their  application  to  the  phenomena  presented  to 
me  in  the  coal-fields  of  Nova  Scotia.  I  may  add  that  in  my  opinion 
the  phenomena  of  the  Stigmaria-underclays,  to  which  attention  was 

first  directed  by  Sir  "W.  E.  Logan,  furnish  the  key  to  the  whole 
question  of  the  origin  of  coal,  and  that  the  comparisons  of  Coal- 

deposits,  by  Sir  Charles  Lyell,  wdth  the  "Cypress-swamps"  of  the 
Mississippi  perfectly  explain  all  the  more  important  appearances  in 
the  Coal-formation  of  Nova  Scotia. 

§  III.  Details  of  the  Character  and  Fossil  Contents  of  the  several 
Beds  of  Coal,  as  exposed  in  the  South  Joggins  Section. 

1.  Introduction. — Under  this  heading  I  propose  to  state  all  the 
facts  bearing  on  the  origin  and  mode  of  formation  of  the  several  coals, 
obtained  either  by  careful  study  of  their  outcrops  on  the  ground,  or 
by  subsequent  examination,  with  the  aid  of  the  microscope,  of  speci- 

mens collected  from  them.  I  shall  follow  the  order  of  the  detailed 

section  published  by  Sir  W.  E.  Logan  in  1845*,  including  the  ad- 
ditional points  observed  by  Sir  C.  Lyell  and  myself  in  1852,  and  by 

myself  in  several  successive  visits  t,  but  giving  in  minute  detail  only 
the  coals  and  their  associated  roof-beds  and  underclays.  The  sand- 

stones and  shales  which  constitute  the  mechanical  filling-in  between 
the  beds  of  coal  I  shall  group  together  in  the  shortest  possible  manner, 
referring  to  the  published  sections  above-mentioned  for  details.  I 
shall,  however,  mention  every  case  of  the  occurrence  of  beds  holding 
erect  trees,  and  of  Stigmarian  underclays,  as  well  as  of  beds  of  bitumi- 

nous limestone  and  highly  carbonaceous  shale.  I  regard  the  former  as 
being  truly  land-surfaces,  as  well  as  the  coals,  and  the  latter  as 
accumulations  of  vegetable  mud  or  muck  which  imply  the  contem- 

poraneous existence  in  their  vicinity  of  swamps  and  forests. 

2.  Logmv's  Section  (order  descending),  a.  Division  1. — This  ex- 
tends along  the  coast  from  Shoulie  Eiver  to  the  vicinity  of  Ragged 

Beef,  being  nearly  horizontal  at  the  former  place  and  gradually 
assuming  a  decided  south-west  dip  towards  the  latter.  It  is  1617 
feet  in  vertical  thickness,  and  constitutes  the  upper  part  of  the 

*'  Upper  Coal-formation."  It  occupies  the  centre  of  the  great  syn- 
clinal of  the  western  part  of  the  Cumberland  coal-area,  and  presents 

the  newest  beds  of  the  Carboniferous  system. 
The  rocks  are  thick-bedded  white  and  grey  sandstones,  passing 

in  some  places  into  conglomerates  with  quartz  pebbles,  and  inter- 
stratified  with  reddish  and  chocolate  shales.  The  sandstones  pre- 
dominate. 

Eossils  are  not  numerous  in  these  beds.   Those  found  are  Dadoxy- 

*  Report  of  Progress  of  Canadian  Survey,  1845. 
t  Quart.  Journ,  Geol.  Soc.  vol.  x. ;  also  Acadian  Geology,  p.  128  et  seq. 
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Ion  mater larium,  of  which  there  are  many  drifted  trunks  in  the  sand- 
-stones  in  a  blackened  and  calcified  condition,  Calamites  JSueJcovii, 
C  Cistii,  Calamodendron  approximatum,  Lepidodendron  undulatum, 
Lepidophloios  parvus,  and  Stigmaria  ficoides.  As  in  the  Upper  Coal- 
formation  of  Pictou,  trunks  of  Conifers  and  Calamites  are  the  most 
abundant  fossils. 

b.  Division  2. — This  occurs  at  Eagged  Eeef  and  its  vicinity.  Its 
thickness  is  650  feet.  It  constitutes  the  lower  part  of  the  Upper 
Coal-formation. 

The  rocks  are  white  and  grey  sandstones  with  occasional  reddish 
beds,  and  red  and  grey  shales.  The  sandstones  and  shales  are  nearly 
in  equal  proportions.  Underclays,  or  soils  supporting  erect  plants, 
probably  Sigillarice,  occur  at  two  levels. 

Fossils  are  not  numerous.  Those  collected  were  Sigillaria  scu- 
tellata  and  Stigmaria  Jicoides,  Calamites  SucJcovii,  Sphenopteris 
hymenophylloides,  AletJiopteris  Jonchitica,  Cydopteris  Jieterophylla  (?), 
Beinertia  Goepperti,  and  portions  of  the  strobiles  of  two  species  of 
Lepidophloios,  namely  Lepidopliyllum  lanceolatum  and  L.  trinerve. 

c.  Division  3. — This  extends  in  descending  order  from  the  vicinity 
of  Eagged  Eeef  to  M*=Cairn's  Brook.  Its  thickness  is  2134  feet.  It 
includes  the  upper  part  of  the  '^Middle  Coal -formation,"  and  is 
perhaps  equivalent,  in  part  at  least,  to  the  Upper  Coal-measures  of 
Great  Britain,  and  to  the  Upper  Coal-formation  of  American  authors. 

It  includes  1009  feet  of  sandstone,  almost  all  of  which  is  grey, 
and  912  feet  of  grey  and  reddish  shale  and  clay.  It  contains  22 
beds  of  coal,  all  of  small  thickness,  and  most  of  them  of  coarse 
quality.  Below  I  give  each  bed  of  coal  in  detail,  with  its  roof  and 
floor  and  its  fossils  ;  and  the  intervening  mechanical  beds  in  brac- 

kets. The  thickness  of  the  roofs  and  floors  is  included  in  that  stated 
for  the  intervening  beds. 

ft.  in. 

(Carbonaceous  shale,  grey  understone,  with  Stigmaria 
and  grey  shale)            7    0 

{G-rey  argillaceous  shale. Coal  1  inch   ,....         0     1 
Grey  argillaceous  underclay,  Stigmaria. 

The  roof  holds  abundance  of  AletJiopteris  Jonchitica,  The 
coal  is  coarse  and  earthy,  with  much  epidermal  and  bast 
tissue*,  vascular  bundles  of  ferns,  and  impressions  of  /Sigil- 

laria and  Cordaites.  It  is  a  compressed  vegetable  soil  or 
dirt-bed,  resting  on  an  argillaceous  subsoil  with  rootlets  of 
/Stigmaria. 

(Grey  and  reddish  sandstones  and  grey  and  red  shales 
with  ironstone  nodules)       281     6 

^Reddish  argillaceous  shale. 
I  Coal  1  inch   1 

Coal-group  2  ...-(  Carbonaceous  shale  4 inches...  I           0    6 
Coal  1  inch   J 

1^  Reddish  underclay,  Stigmaria. 

*  For  explanation  as  to  the  nature  of  these  and  other  structures  in  the  coal, 
see  under  §  IV.,  below. 
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■     The  coal  is  coarse,  earthy,  and  shaly.     It  contains  Cor-     ft.  in. 
daites,  fern  stipes,  and  bast  tissue. 

(Eeddish  shale  and  grey  sandstone,  the  latter  seen  in 
the  cliff  to  thin  out  and  give  place  to  reddish  shale)       53     9 

{Grey  san
dstone. 

Coal  1  inch    
   

   
 

0     1 
Grey  and  reddish  sandy  understone,

  
Stigmaria. 

The  coal  is  coarse  and  shaly.  No  fossils  were  observed, 
except  stumps  and  rootlets  of  Stigmaria  in  the  underclay. 

(Reddish  grey  shale  and  grey  sandstone)              6    0 

{Reddish  grey  
shale. Coa^  2  inches     

    
  

0    2 
Grey  and  reddish  argillaceous  underclay,  Stigmaria. 

The  coal  is  coarse  and  earthy.  No  fossils  were  observed, 
except  Stigmaria  rootlets  in  the  underclay.  This  and  the 
last  coal  are  to  be  regarded  merely  as  fossil  vegetable  soils 
or  dirt-beds. 

(Grey  sandstone  and  grey  and  reddish  shale.     One 
underclay,  and  erect  Calamites  in  the  lowest  bed)     239     6 

(Grey  argillaceous  s
hale. C(9rt/2  inches      

     
0    2 

Grey  argillo-arenaceous  underclay,  Stigmaria. 

The  coal  is  filled  with  leaves  of  Cordaites  horassifolia, 
dividing  it  into  thin  papery  layers.  The  underclay  has 
many  large  branching  roots  of  Stigmaria. 

(Grey  shale  and  sandstone)          19     0 
r  Grey  arenaceous  shale. 

Coal-group  6  ...  j  Coa?  3  inches           0    3 
[  Grey  argillo-arenaceous  underclay,  Stigmaria. 

This  coal  is  composed  of  flattened  bark  cxf  Slgillaria,  of 
which  there  are  many  layers  in  the  thickness  of  the  bed. 
The  species  are  not  distinguishable. 

(Grey   sandstone    and    shale.     One   underclay   with 
Stigmaria)         12    6 

{  Grey  argillaceous  shale. 
Coal  1  inch. 

I  Grey  argillacous  underclay,  Stigmaria,  1  ft.  6  m. 
Coal-group  7  ...{  Coal  2  inches. 

Grey  argillaceous  underclay,  Stigmaria,  4  inches. 
I  Coal  1  inch. 
1^  Grey  argillaceous  underclay,  Stigmaria           2     2 

This  is  an  alternation  of  thin  coarse  coals  or  fossil  vege- 
table soils  with  Stigmaria  subsoils.  The  roof-shale  con- 
tains erect  Calamites,  which  seem  to  have  been  the  last 

vegetation  which  grew  on  the  surface  of  the  upper  coal. 

(Grey  and  reddish  sandstones  and  shales)          73    0 

{Red  and  grey  s
hale. Coal  1  inch     

    
  

0     1 
Grey  hard  underclay,  Stigmaria. 

This  coal  contains  flattened  trunks  of  Slgillaria  scutel- 
lata,  or  an   allied   species,   and   of  other  Sigillaria^,   also 
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abundance  of  vascular  bundles  of  ferns  and  portions   of    ft.   in. 
epidermal  tissues  of  different  plants. 

(Grey  sandstone  and  red  and  grey  shales.  Btigmaria 
in  the  upper  bed,  and  prostrate  Sigillaria  and 
Cordaitcs  in  some  of  the  sandstones  and  shales) . . .     490    0 

(Grey  argillaceous  shale,  ironstone  nodules. Coal  3  inches           0    3 

Argillo-arenaceous  underclay,  Stigmaria. 

The  roof  of  this  coal  holds  prostrate  Sigillarice  of  three 
species  and  Cordaites  horassifolia.  The  coal  is  hard  and 
shining,  with  impressions  of  flattened  Sigillarice,  also  of 
Cordaites,  Asteropliyllites ,  Carpolites,  and  vascular  bundles 
of  ferns. 

(Underclay  and  reddish  grey  shale)             6    0 
/  Eeddish  grey  shale. 
I  Coal  and  coaly  shale  8  inches. 

n    1  in      I  Grey  argillaceous  underclay,  nodviles  of  ironstone, 
Coal-group  10...^         ̂ ^^a"" Stigmaria 2  feet. I  Coal,  stony  and  compact,  2  inches            2  10 

1^  Grey  argillaceous  underclay,  Stigmaria. 

The  roof-shale  has  obscure  impressions  of  plants,  appa- 
rently petioles  of  ferns.  The  upper  coal  is  thinly  laminated 

and  full  of  leaves  of  Cordaites  and  ferns,  among  which  is 

Aleihopteris  lonchitica.  The  lower  coal  is  compact,  resem- 
bling cannel,  and  has  many  vascular  bundles  of  ferns.  It 

seems  to  be  composed  of  herbaceou.s  matter  macerated  in 
water  and  mixed  with  mud. 

(Grey  sandstone  and  shale  with  nodules  of  ironstone)      23    0 

{Grey  argillaceous  s
hale. Co«^,  shaly,  3  inches       

    
0    3 

Arenaceous  underclay,  Stigmaria. 

An  erect  ribbed  Sigillaria  appears  in  the  roof-shale.  The 

coal  contains  many  flattened  Sigillariw,  also  Trigonocar'pa, 
Cordaites,  and  vascular  bundles  of  ferns. 

(Arenaceous  understone  with  ironstone  nodules  and 
Stigmaria,  and  carbonaceous  shale)           7    9 

r  Carbonaceous  shale. 

Coal-group  12... -I  Co«^2  inches           0    2 
[  Argillaceous  underclay,  ironstone,  and  Stigmaria. 

This  coal  is  hard  and  laminated,  with  many  vascular 
bundles  of  ferns  upon  its  surfaces. 

(Grey  sandstone  and  grey  argillaceous  shale)         12    0 
r  Grey  argillaceous  sliale. 

Coal-group  13...  j  Coa/ 7  inches  .!.           0    7 
[  Grey  argillaceous  underclay,  ironstone,  and  Stigmaria. 

The  roof  contains  erect  stumps,  not  distinctly  marked. 
The  coal  has  indications  of  bark  of  Sigillaria,  and  is  hard 
and  shining,  with  a  coarse  earthy  layer  in  the  middle. 

■       (Grey  shale)             7    0 
/Grey  shale,  as  above. 

Coal-groupl4...'iC(9a^  4  inches           0    4 
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Coal-group  14. . .  -j  Grey  argillo-arenaceous  underclay,  ironstone,  and 
I  Stigmaria   
I  Coal  2  inches   

\^  Grrey  argillaceous  underclay,  ironstone,  and  Stigmaria. 

The  upper  coal  has  impressions  of  bark  of  trees  and 
CordaiUs,  especially  in  its  upper  part. 

(Grrey  and  reddish  shale  and  grey  sandstone,  with  Stig- 
marian  soils  at  two  levels)            52    0 

'"Grey  shale. 
Carbonaceous  shah  2  inches. 

Coal-group  15... ■<  Argillaceous  underclay,  ironstone,  and  Stigmaria...         1     0 
Coal\  inch           0     '6 

^Argillaceous  underclay,  ironstone,  and  Stigmaria.,.. 

The  upper  shaly  bed  is  a  coal  interlaminated  with  shale, 
which  enables  the  nature  of  the  coaly  matter  to  be  ascer- 

tained. It  contains  flattened  SigiUarim  of  several  species, 
Calamites,  Cordaites,  Cyperites,  leaves  of  Sicjillaria,  and 
Lepidopliylla.  The  clay  parting  is  the  roof  of  the  lower  coal, 
and  contains  Cyperltes  and  Cordaites.  It  has  been  converted 
into  an  underclay  by  the  growth  of  Sigillaria  upon  it  in 
the  formation  of  the  upper  bed  of  coaly  shale.  The  lower 
coal  is  compact,  but  showed  an  impression  of  a  Calamite. 

(Grey  sandstone  and  grey  and  reddish  shale,  ironstone 
nodules)         16     0 

r  Grey  argillaceous  shale. 
pi  IP      J  Coft^  and  carbonaceous  shale  2  inches           0    2 

^  "gi     P      •  •  •  i  Reddish  argillaceous  underclay,  ironstone,  and  Stig- [^         maria. 

The  roof  supports  an  erect  tree,  a  Sigillaria  8  feet  high 

and  1  foot  in  diameter.  It  is  also  rich  in  Cyperites*,  Cor- 
daites, and  Calamites.  The  coal  contains  Calamites  and 

and  also  discigerous  tissue  of  Conifers  or  Sigillaria. 
(Grey  sandstones  and  reddish  and  grey  shales,  with 

several  Stigmarian  underclays  and  coaly  films  or 
thin  vegetable  soils.  One  of  the  underclays  sup- 

ports large]  stumps  of  Sigillaria,  with  Cyjperites, 
Cordaites,  and  Le'pidodendron,  in  the  bed  around 
their  bases)         38     6 

f  Red  and  grey  argillaceous  shale. 
Coal  1  inch. 

Gray  argillo-arenaceous  underclay,  Stigmaria,  4  ft. 
Coal-group  17...  -^  Coal 4  inches. 

Carbonaceous  shale  4  inches. 
CoalX  inch           4  10. 

^  Grey  arenaceous  underclay,  Stigmaria. 

The  upper  layer  of  coal  consists  in  part  of  leaves  of  Cor- 
daites.    The  middle  layer  has  much  Cordaites  and  Cyperites. 

(Underclay  and  grey  shale)           2       i 
C  Grey  shale,  as  above. 

Coal-group  18. ..  j  Coa^S  inches           0     3 
[  Grey  arenaceous  underclay,  Stigmaria. 

*  By  this  term  I  continue,  for  convenience,  to  designate  the  leaves  of  Sigil- laricB. 
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(Grey  sandstone,  and  red  and  grey  shale.    Stigmarian      ft.  in. 
soils  at  two  levels)         26    0 

(Reddis
h  shale. 

Coal  1  inch   
  
  
  
  

0     1 
Ked  argillaceo

us  
underclay,

  
Stigmaria.

 

The  roof  contains  an  erect  Sigillaria.  The  coal  and  that 
of  the  previous  bed  were  not  well  seen. 

(Grey  sandstone  and  red  and  grey  shales,  with  many 
drift-trunks  and  erect  Sigillarics  at  four  levels) .. .     222     0 

(Gre
y  shale. 

Coal  1  inch   
  
  
  
  

0     1 

Red  and  grey  underc
lay,  

Stigma
ria 
   

   
  

36    0 

This  coal  contains  much  Cordaites. 

(Grey  and  red  shales  and  grey  sandstone.     One  Stig- 
marian soil,  and  resting  on  it  carbonaceous  shale 

with  Cyperites)          16     3 
^  Grey  shale. 
Coal  2  inches. 

Underclay,  Stigmaria,  2  inches. 
Coal-group  20a^  ■{  Coal  1  inch. 

Underclay  1  inch,  Stigmaria. 
Coa^  3  inches   ,           0    9 

^  Argillaceous  underclay,  ironstone,  and  Stigmaria. 

These  coals  contain  mineral  charcoal,  showing  scalari- 
form  and  epidermal  tissues.  The  coals  are  impure,  and  were 

probably  concealed  at  the  time  of  Sir  W.  E.  Logan's  visit. 
(Sandstone  and  red  and  grey  shale,  with  one  Stigma- 

rian soil)         93     3 

(Red
  shale.

 

Coal  and  carbo
naceo

us  

shale, 
 
2  inches

 
   

   
   

 

0    2 
Grey 

 
argill

aceous
  

underc
lay,  

Stigm
aria.

 

In  the  bed  above  the  roof-shale  are  erect  Cdlamites. 
The  coal  is  an  uneven  or  irregular  bed,  and  consists  of 
flattened  Sigillarice,  Cyperites,  Oordaites,  and  ferns. 

(Grey  and  reddish  sandstones  and  shales,  with  drift- 
trunks  of  Badoxylon  materiarium,  Sigillaria,  and 

334    0 

(Grey  and  red  shale,  nodules  of  ironstone. Coal  and  carbonaceous  shale,  2  inches              0    2 

Grey  argillo -arenaceous  underclay,  Stigmaria. 

This  coal  consists  of  flattened  bark  of  Sigillaria  with 
Cordaites,  and  vascular  bundles  of  ferns.  It  contains  also 
remains  of  flshes.  Among  these  was  found  a  tooth  of  Gte- 
noptychius.  The  underclay  includes  stumps  of  Stigmaria, 
as  well  as  rootlets. 

(Grey  sandstone  and  shale  with  one  Stigmarian  soil 
supporting  erect  stumps  of  Sigillaria)         68     0 

Total  thickness  of  Division  3,  according  to  Logan's  measurements    2159    8 

d.  Division  4.— This  division  of  the  section  extends  from  M'^Cairn's 
Cove  to  the  end  of  the  high  cliff  beyond  "  Coal-mine  Point."     It 

*  I  designate  in  this  way  coal-groups  not  noticed  in  Logan's  section. 
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corresponds  to  the  lower  part  of  the  Middle  Coal-formation,  and 

probably  to  the  Lower  Coal-formation  of  some  American  authors. 
Its  thickness,  according  to  the  measurements  of  Sir  WiUiam  E.  Logan, 
is  2539  feet.  It  is  remarkable  for  the  prevalence  of  grey  sandstones 

and  grey  and  dark-coloured  shales.  It  constitutes  the  part  of  the 
section  re-examined  by  Sir  C.  Lyell  and  myself  in  1852 ;  and  in  the 
memoir  which  I  subsequently  published  it  is  divided  into  27  groups 
or  subdivisions.  For  faciUty  of  reference  these  groups  are  indicated 
by  the  Roman  numerals  in  the  following  pages,  beginning  with  the 
highest  group,  xxvii. 

XXVII. 

C  Bituminous  limestone  and  calcareo-bituminous  shale  ^^' I  4  feet 

Co^l-groui^  I -icoall  foot    :           5    0 
i  Grey  argillo-arenaceous  underclay,  Stigmaria. 

The  roof  has  Naiadites  carbonarius  and  JS^.  elongatus,  Spi- 
rorbis  (urbonarius,  scales  of  Ithizodus,  and  obscure  vege- 

table fragments.  The  coal  contains  flattened  JSigillarice, 
Cordaites,  Alethojpteris  lonchitica,  Gyperites,  Calamites  Nova- 
scotica,  and  many  vascular  bundles  of  ferns. 

(Grey  sandstone  and  shale  with  six  under  clays  and 
erect  Sigillaria  at  two  levels;  also  a  thin  shale 
with  Naiadites,  Cythere,  Calamites,  and  Cordaites. 
One  of  the  sandstones  has  scales  and  teeth  of  a 
large  fish  (?  Bhizodus)  and  plants  covered  with 
Spirorhis)           50     0 

/Grey  argillaceous  shale. 
Coal  1  inch. 

Clay  3  inches. 
Coal  1  inch. 

Coal-group  2  . . .  -{  Clay  1  inch. 
Coal  1  inch. 
Shale  4  inches. 
Coa?  3  inches           1     2 

^  Grey  argillo-arenaceous  imderclay,  8tigmaria. 

The  roof  has  numerous  vegetable  fragments  and  flat- 
tened Sigillarice  and  Calamites.  One  of  the  coals  contains 

mineral  charcoal,  showing  bast  tissue,  scalariform  tissue, 
and  fragments  of  epidermis.  The  lower  coal  has  bark  of 

Sigillaria,  Stigmaria,  and  Cyperites,  also  numerous  Trigo- 
nocarpa  and  vascular  bundles  of  ferns.  The  clay  partings 

and  the  underclay  have  obscure  rootlets,  probably  of  Stig- 
maria. 

(Arenaceous  underclay  and  shale  with  remains  of 
Stigmaria.) 

{Grey  argillaceous 
 shale. Coal^inches      

     
0    3 

Hard  argillo-arenaceous  underclay,  Stigmaria. 

The  roof  has  stumps  of  Sigillarice,  erect  and  with  roots 

of  Stigmaria  descending  among  them  from  the  bed  above. 
The  coal,  which  is  coarse  and  earthy,  has  vascular  bundles 
of  ferns,  scalariform  vessels,  bast   tissue,   and   scales   and 
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Coal-group  4  . . .  - 

spines  of  fishes  (Palceoniscus,  &c.),  with  coprolitic  matter,      ft.  in. 
The  underclay  shows  abundant  Stigmarian  rootlets. 

( Underclay  and  grey  arenaceous  shale)           6    0 
''Grey  argillaceous  shale. Coal  9  inches. 
Carbonaceous  shale  6  inches. 
Coal  1  inch. 
Carbonaceous  shale  4  inches. 
Coal  1  inch. 
Carbonaceous  shale  8  inches. 
Coal  2  inches. 

Grey  shale  1  foot  7  inches. 
Coals  inches           4  10 

l^  Argillo-arenaceous  underclay,  Stigmaria. 
The  roof  contains  obscure  flattened  plants.  The  coal  is 

hard  or  shaly,  with  vascular  bundles  of  ferns  and  bast  tissue. 
The  carbonaceous  shales  yield  Cordaites  horassifolia,  Ale- 
thopteris  lonchitica,  Catamites,  SigilJaria,  and  Cyperites. 
The  grey  shale  parting  has  erect  stumps,  apparently  of 
Sigillaria,  The  upper  shales  and  coals  are  very  pyritous, 
and  decomj)ose  when  exposed  to  the  weather — an  indication 
that  sea-water  had  access  to  these  beds  while  the  vegetable 
matter  was  still  recent. 

XXVI. 

(Grey  argillaceous  sandstone  and  red  and  grey  shale, 
with  two  Stigmarian  soils.  Footprints,  probably 
of  Bendrerjpeton,  and  rain-marks  occur  in  these 
beds  ;  and  it  was  in  one  of  them  that  Mr.  Marsh 
discovered  the  vertebrae  of  Eosaurus  Acadianus)  .      82    0 

XXV. 

/'Bituminous  limestone  2  feet. 
Coal  ̂   inch. 
Argillo-arenaceous  clay,  Stigmaria,  6  inches. 
Coaly  shale  ̂   inch. 
Grey  argillo-arenaceous  shale,   ironstone   nodules, 

Stigmaria,  1  foot  6  inches. 
Coaly  shale  1  inch. 
Grey  shale,  ironstone  nodules,  Stigmaria,  2  ft.  6  in. 
Coa^  6  inches           7     2 

^^  Argillo-arenaceous  underclay,  Stigmaria. 
The  bituminous  limestone  of  the  roof  contains  Naiadites 

carbonarius  andiV^.  elongatus,  fish-scales,  and  Cyprids.  The 
upper  layer  of  coal  Contains  impressions  of  SigiUaria  and 
Lepidodendron,  on  some  of  which  are  shells  of  Spirorhis. 
It  has  epidermal  tissues,  vascular  bundles  of  ferns,  and  re- 

ticulated vessels.  The  coaly  shales  are  of  the  nature  of 
coarse  coals,  but  with  numerous  thin  layers  of  shaly  matter. 
The  lower  coal  contains  petioles  of  ferns  and  Oordaites  matted 
together,  and  numerous  Cardiocarpa.  The  two  thick  clay 
partings  and  the  underclay  are  Stigmarian  soils. 

XXIV. 

(Grey  sandstone  and  chocolate  and  grey  shales,  with 
two  Stigmarian  soils)          147    0 

Coal-group  5 
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Coal-group  6 

XXIII. 

f  Carbonaceous  shale,  passing  downward  into  bitu-       ft.  in. minous  limestone,  1  foot  10  inches. 
Co«^4iuches          2    2 
Argillo-arenaceous  underclay,  Stigmaria. 

The  roof  contains  Naiadites  carbonarius,  Cythere,  /Spi- 
rorhiSf  fish-scales,  and  coprolites.  The  coal  is  hard  and 
laminated,  and  has  on  its  surfaces  leaves  of  Cordaites  and 
vascular  bundles  of  ferns.  It  is  remarkable  for  containing 
scattered  remains  of  a  number  of  species  of  fishes,  belonging 
to  the  genera  CtenoptychiuSj  Diplodus,  Pcdoeoniscus,  and 
JRliizodus.  The  underclay  has  rootlets  of  Stigmaria,  and 
the  bed  below  this  has  large  roots  of  the  same. 

(Grey  sandstone  and  shale,  the  latter  with  nodules  of 
ironstone.     Erect  trees  at  one  level)          30    0 

(OcvQj  sandstone. 

ICoal 
 10  inches.

 Carbonace
ous  

shale  2  inches 

Coal  10  inches. 

Carbonace
ous  

shale  2  inches. 

CoaZ  and  coaly  shale  2  feet  6  inches           4    6 
^  Grey  argillo-arenaceous  underclay,  Stigmaria. 

This  is  the  bed  worked  at  the  Joggins  as  the  **Main 
Seam ;"  and  I  believe  that  it  improves  somewhat  in  mining 
it  inward  from  the  shore.  The  roof  has  afforded  Sigillaria 
catenoides  and  other  species,  Alethopteris  lonchitica,  CoV'- 
daites  horassifoUa,  Lepidodendron  elegans,  Trigonocarpa, 
Naiadites,  Spirorhis,  Cythere,  fragments  of  insects  (?).  The 
mineral  charcoal  contains  bast  tissue,  scalariform,  epi- 

dermal, and  cellular  tissues.  In  the  compact  part  of  the 
coal  there  is  dense  cellular  and  epidermal  tissue.  The  roof 
is  especially  rich  in  Cordaites,  sometimes  with  iSpirorhis 
adherent. 

(Grey  sandstone  and  shale,  with  many  ironstone 
nodules  in  the  shale,  and  erect  Sigillaria  and  un- 
derclays  at  five  levels.  One  of  the  latter  has  large 
stumps    of    Stigmaria   and  a  thin   coaly  layer 
resting  on  it)         68    0 

(  Grey  shale  with  nodules  of  ironstone. 
Coal  2  inches. 
Grey  shale  4  inches. 
Coal  3  inches. 
Carbonaceous  shale  1  foot  3  inches. 
Coal  1  inch. 
Argillaceous  shale,  ironstone  nodules,  4  feet. 
Coal  1  foot           7     1 

Grey  argillo-arenaceous    underclay,   ironstone  no- 
dules, and  Stigmaria. 

The  roofs  of  the  first  and  second  beds  in  this  group  are 
among  the  richest  in  fossils  in  the  Joggins  section.  They 
have  afforded  Pecopteris  lonchitica,  Cydopteris,  Cyperites, 
Cordaites  horassifolia,  Cardiocarpum  Jluitans,  Sigillaria 
elegans f  Lepidophloios  Acadianus,  Lepidodendron  undidatum, 

Coal-group  8  ... " 
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Pinnularia,  Trigonocmya,  &c.  ;  also  Diplostylus  Dawsoni* ,  ft.  in. 
Eurypterus,  Cythere,  Naiadites,  and  Sjnrorbis  attached  to 

plants.  The  lower  coal,  called  locally  the  "  Queen's  Yein," 
has  in  its  mineral  charcoal  bast  cells,  nniporous,  rari- 
porous,  and  multiporous  wood- cells,  scalariform  vessels, 
epidermal  tissue,  and  vascular  bundles  of  ferns,  also  stipes 
of  ferns  and  bark  of  Sigillaria.  The  mineral  charcoal  occurs 
principally  in  a  thick  layer  near  the  bottom  of  the  bed.  Its 

roof  has  trunks  of  LepidopMoios,  Lepidodendron,  and  Si- 
gillaria, fossilized  by  carbonate  of  iron.  The  upper  part  of 

the  lowest  underclay  is  dark  and  carbonaceous,  with  Stig- 
marian  rootlets. 

XXII. 

(Glrey  sandstones,  grey  and  chocolate  shales  with 
ironstone  nodules ;  three  underclays  and  erect 
Calamites  and  Sigillaria  in  three  beds)        110    0 

XXI. 

fGrey  shale  and  ironstone  nodtJes. Coal  andi  coaly  shale  1  foot  3  inches              1     3 
Argillaceous  underclay,  Stigmaria. 

The  roof  contains  erect  Sigillarice,  Stigmaria,  Calamites, 

and  Cordaites.  The  coaly  shale  has  fern-stipes  and  Cor- 
daites.  The  coal  itself  is  coarse  and  shaly,  and  has  a  layer 
of  mineral  charcoal  containing  bast  and  epidermal  tissue. 
There  are  also  in  the  coal  remains  of  Calamites  and  Cor- 

daites, and  fragments,  possibly,  of  insects. 

(Grrey  and  reddish  shales  with  nodules  of  clay-iron- 
stone, and  grey  and  reddish  sandstone.  One  un- 

derclay supporting  a  coaly  film,  and  erect  trees  at 
two  levels)          28    6 

/'Chocolate  shale. 
,  I  Coal  and  coaly  shale  2  inches. 

Coal-group  10. , .  ■{  Coaly  shale  6  inches.  - 
1  Coal  4  inches           1     0 
(^Argillo-arenaceous  underclay,  Stigmaria. 

The  upper  coal  contains  flattened  Sigillarice  and  Stig- 
maria.  The  lower  bed  is  hard  and  unequal,  with  curved 
laminae  and  obscure  traces  of  petioles  of  ferns.  The  mineral 
charcoal  has  bast  and  scalariform  tissues. 

(Eed  and  grey  shales  and  grey  sandstones.   Erect  Ca- 
lamitesva.  oneheA.     Four  underclays)            78     6 

XIX. 

f  Chocolate  shale. 

Coal-group  11... -^  Coa^  and  coaly  shale  8  inches            0    8 
I  Argillaceous  underclay,  Stigmaria. 

The  roof  has  Cordaites,  Calamites,  and  rootlets.    The  coal 
contains  much  mineral  charcoal  with  the  structure  of  dense 

*  Salter,  Quart.  Journ,  Geol.  Soc.  vol.  xix.  p.  77. 
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aporous  bast  tissue ;    it  also  contains  Cyperites  and  many      ft.  in. 
vascular  bundles  of  ferns. 

(Grey  sandstones  and  argillaceous  shale.    Erect  trees 
attwolevels)         37    0 

{Gre
y  shale. 

Coal  and  coaly 
 
shale  1  foot    

  
  
  
  

1     0 
Argill

aceous
  

underc
lay,  

ironst
one,  

and  Stigma
ria. 

The  roof  contains  erect  Sigillaria  and  Calamites,  also  Cor- 
daites  with  Bpirorhis  attached,  and  Lepidodendron.  The 
coal  has  in  one  layer  much  Cordaites,  in  others  it  includes 
an  immense  number  of  specimens  of  Sporangites  papillata  ;  it 
has  also  bast  tissue,  epidermal  tissue,  and  discigerous  tissue. 

(Shale  and  sandstone,  penetrated  by  Stigmarian  root- 
lets, and  containing  in  one  of  the  shales  Lejpido- 

dendron,  Sigillaria,  and  Car^olithes)          13    0 

(Gre
y  shale. 

Cba/ and  coaly  shale   
  
  
  
  

0    6 
Argill

aceous
  

underc
lay,  

Stigma
ria. 

The  roof  has  much  Cordaites.  The  shaly  portions  of  the 
coal  contain  Sigillaria  elegans,  Alethopferis  lonchitica,  Cor- 

daites horassifolia,  Lepidodendron,  Diplotegium,  Trigono- 
carpum,  Stigmaria,  and  Sporangites  glabra,  also  vascular 
bundles  of  ferns  and  bast  tissue. 

XVIII. 

(Grey  and  red  shales  and  grey  sandstone  ;  one  of  the 
latter  with  erect  Calamites  and  Sigillarm.  One 
underclay)   ,         69    4 

XVII. 

{Gre
y  shale. 

(7o«^8 
 
inches   

  
  
  
  

0    8 
Argill

aceous
  

underc
lay,  

Stigma
ria. 

The  roof  has  Cordaites  and  many  decayed  stipes.  The 
coal  has  Cordaites  and  vegetable  fragments. 

(A  very  thick  sandstone  with  shales.     Erect  Cala- 
footprints  of  reptiles,  and  rain-marks)         57    0 

XV. 

^  Grey  shales  with  ironstone. 
Coal  3  inches. 
Coaly  shale  2  inches. 
Coal  3  inches. 

Underclay,  Stigmaria,  6  feet. 
Coal-group  14. . .  ■{  Coaly  shale  4  inches. 

Underclay,  Stigmaria,  1  foot. 
Coaly  shale  8  inches. 
Coal  2  inches           8  10 
Argillo-arenaceous  underclay,  Stigmaria,  and  iron- 

ic    stone. 

On  the  roof  of  the  upper  coal  is  a  fine-ribbed  Sigillaria 
with  Stigmarian  roots.      In  the  roof  and   shaly  partings 
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are  Sigillaria  Broivnii,  S.  ScJilotheimiana,  and  other  species,  ft.  in. 
Stigmaria,  Lepidodendron,  Calamites,  Cordaites,  Sporangites 
glabra,  Aletliopteris  lonchitica,  Sphenopteris  latifolia,  Pinnu- 
laria,  and  Cyperites ;  also  Cythere,  Naiadites,  and  fragments 
of  reptilian  (?)  bones.  The  coal  is  pyritous,  and  exhibits  im- 

pressions of  the  bark  of  Sigillaria ;  it  contains  also  bast 
tissue,  scalariform  tissue  of  JSigillaria,  and  multiporous  tissue 
of  JSigillaria  and  Oalamodendron. 

(Sandstone  and  shale,  erect  Calamites  and  Sigillaria 
with  Stigmaria.  The  erect  trees  contain  repti- 

lian remains  of  the  genera  Dendrerpeton,  liylo- 
nomus,  and  Hi/Ierpeton ;  also  Fupa  vetusta,  Xy- 
Zo^ms  >Sz]^e7^anc?,  and  remains  of  insects)            10    0 

{Coal
y  shale.

 

Coal  6  inches   
  
  
  
  

0    G 
Arenace

ous  
undercl

ay,  
Stigmar

ia. 

The  erect  trees  above  mentioned  are  rooted  in  the  roof  of 

this  coal.  It  contains  Cyperites,  Lepidophylla,  Trigonocarpa 
of  2  species,  Sphenop>hyllum,Alethopteris  lonchitica,  Cordaites, 
and  Aster ophyllites.  There  are  shells  of  Spirorhis  on  some 
of  the  plants.  The  coal  contains  layers  of  bark  of  Sigillaria 
and  leaves  of  Cordaites,  and  much  bast  tissue,  with  scalari- 

form, uniporous,  and  reticulated  tissues,  probably  of  Sigil- 
laria. 

(Sandstones  and  shales;  erect  Calamites  and  Stig- 
maria)       21     0 

{Grre
y  shale. 

Coal  4  inches   
  
  
  
  

0    4 

Argilla
ceous  

undercl
ay,  

Stigmar
ia. 

The  roof  contains  Calamites,  Sigillaria,  Aletliopteris  lon- 
chitica, Pinnularia,  Lepidodendron,  Cyperites,  Sporangites, 

and  Spirorhis.  One  Sigillaria  extends  30  feet  without 
branching.  The  roof  supports  an  erect  tree.  The  coal  is 
filled  with  flattened  stems  of  Sigillaina  lying  in  different 
directions,  also  flattened  Lepidodendra ;  and  in  its  mineral 
charcoal  it  has  beautiful  porous  and  scalariform  tissues. 

XIV. 

(Glrey  sandstone  and  grey  and  red  shales.     Many 
prostrate  trunks  of  Sigillaria  and  Lepidodendron, 
one  imderclay,  and  erect  trees  at  one  level)            G8    0 

r  Shale  with  the  aspect  of  underclay. 

P  •]    i»    it^lR      J  ̂'^'^'^  ̂ iicf  coaly  shale  6  inches            0     G 
oa  -Q       p      . . .  <  ̂rgiiiQ.arenaceous  underclay,  ironstone,  and  Stig- 

|_     maria. 
This  bed  was  not  well  exposed,  and  afforded  no  fossils. 

(Grey  sandstone  and  shale  with  one  underclay)         25     6 

(Gre
y  shale

. 

Coal  and  coaly  shale  3  inches
  
   

   
   

 

0     3 
Argill

o-aren
aceous

  

underc
lay,  

Stigma
ria. 

The  roof  has  vegetable  fragments  and   Cordaites.      The 
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coal  is  hard  and  coarse,  and  contains  flattened  broad-ribbed     ft.  in. 
Sigillarla,  Cordaiies,  and  vascular  bundles  of  ferns. 

(Shale  and  sandstone,  erect  trees  at  one  level)            31     3 

XIII. 

(G-rey
  shale. 

Coal  8  inches   
  
  
  
 

0    8 

Argillo-
arenaceo

us  

undercla
y. 

The  roof  has  an  erect  Sigillaria.  The  coal  is  shaly  and 
laminated.  It  contains  much  Cordaites,  also  Lepidodendron, 
Ccdamites,  and  Alethopteris  loncJiitica.  In  one  layer  there 
are  Naiadites,  SjpirorUs,  and  scales  of  fishes. 

(Grey  sandstone   and  shale  in  several  beds,  8tig- 
maria)         29    0 

r  Argillaceous  shale. 

Coal-ffrouD  19     J  ̂̂^^^  shale  4  fee
t, 

°       P      •  •  •  1  Bituminous  limestone  2  feet  6  inches. 
LCoal  1  inch           6    7 

The  roof  has  Naiadites,  scales  and  teeth  of  fishes,  Cythere, 
and  Spirorhis.  The  coal  is  hard  and  coarse,  with  vascular 
bundles  of  ferns  and  prostrate  Sigillarice. 

(Shale  and  sandstone)             20    6 

{Coaly  shale  
1  foot. Bituminous  limestone  1  foot  6  inches. 

Coal  and  clay  partings  2  feet  4  inches         
  

4  10 

The  roof  has  Naiadites,  JSpirorbis  attached  to  plants,  and 
small  rhombic  fish-scales.  The  coal  alternates  with  lime- 

stone at  the  top,  and  contains  remains  of  Sigillaria,  JSporan- 
gites,  and  vascular  bundles  of  ferns. 

(Sandstone,   and   grey  and  black  shale  with  coaly 
layers)         21     0 

(Grey  shale  and  calcareo-bituminous shale. Co«nO  inches              0  10 
Argillaceous  underclay,  Stigmaria. 

The  roof  has  obscure  vegetable  fragments  and  Naiadites. 
The  coal  contains  vascular  bundles  of  ferns,  bast  tissue, 
uniporous  cells,  and  scalariform  and  reticulated  vessels. 

(Grey  sandstone  and  shale.     Two  underclays)         20    0 
r  G-rey  shale. 

Coal-group  22. .. -^  Coal  and  coaly  shale  2  inches            0    2 
[  Argillaceous  underclay,  Stigmaria. 

This  bed  was  not  well  exposed. 

(Sandstone  and  shale,  with  one  erect  tree  and  two 
underclays)         12     0 

/  Coaly  and  grey  shale. 
Coal  and  coaly  shale  4  inches. 

Coal-group  23...  \  Bituminous  limestone  4  inches. 
I  Coa^  and  coaly  shale  7  inches            1     3 
1^  Argillo-arenaceous  u.nderclay,  Stigmaria. 

The  roof  has  an  erect  tree,  also  Cordaites  and  Spirorhis. 
The  shale  and  bituminous  limestone  contain  Sigillaria  and 

VOL.  XXII.   PART  I.  K 
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LepidopTiloios,  also  many  large-furrowed  trunks,  probably     ft.  in. 
old  Sigillaricv  or  Lejpidodendra. 

XII. 

(Sandstone,  shale,  and  calcareo-bitvuninous  shale  with 
three  underclays)         26     0 

{Calcareo-bituminous  shale. Coa^  and  coaly  shale  1  inch           0     1 
Argillo-arenaceous  underclay,  SUgmaria. 

This  bed  was  not  exposed. 

(Underclay  and  shale)           5    0 
r  Grey  shale. 

Coal-group  25... -<  Coa^ and  coaly  shale  8  inches           0    8 
L  Argillo-arenaceous  underclay,  Stigmaria. 

The  roof  has  Aleihopteris  lonchitica,  Cordaites,  and  pe- 
tioles of  ferns.  The  coal  shows  bast  tissue  and  remains  of 

Sigillaria  and  Galamites. 

(Grrey  sandstone  and  shale,  with  erect  SigillaricB  at 
four  or  five  levels,  and  two  Stigmarian  under- 
clays)         117     8 

f  Grrey  sha
le. 

Coa^y  shale  4  inches    
   

   
 

0    4 
Argillo-a

renaceous
  

underclay
,  

Stigmaria
. 

This  bed  was  not  exposed. 

(Shale  and  sandstone,  with  Stigmaria)         13    0 

{Gre
y  shale

. 

<7oa^3
inches

 
  
  
  
  
  

0    3 

Argill
o-aren

aceous
  

underc
lay,  

Stigma
ria. 

This  bed  was  not  well  exposed. 

(Grrey  sandstone  and  shale,  with  bituminous  shale 

and  limestone,  and  erect  Cato^^■^fe■s)            64    0 
XI. 

(  Calcareo-bituminous  shale. 
Coal  and  coaly  shale  7  feet. 
Underclay,  Stigmaria,  4  feet. 
Coaly  shale  1  foot. 
Coa^6  inches         12     6 
Arenaceous  underclay,  Stigmaria. 

This  group  is  a  series  of  thin  coaly  layers  and  underclays. 
The  roof  has  Naiadites  carhonarius  and  N.  elongatus,  also 
Cythere  and  scales  of  fishes.  The  coal  contains  bast  tissue 
and  different  kinds  of  scalariform  and  epidermal  tissues.  In 
the  lower  bed  is  a  coaly  stump  and  an  irregular  layer  of 
mineral  charcoal,  arising  apparently  from  the  decay  of 
similar  stumps. 

(Grey  and  carbonaceous  shale  and  grey  sandstone)...       29     0 
/Underclay,  Stigmaria. 
Coal  and  coaly  shale  5  feet, 

n    1  OQ     J  Underclay  6  feet. 
Coal-group  J^...<  ̂ ^^^^  ̂ ^^^^  ̂ ^^^^^  ̂ ^^  ironstone,  6  feet. (7oa?4feet         21     0 

^  Argillaceous  underclay,  Stigmaria. 

Coal-group  28.. 
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This  is  a  group  of  unusually  thick  beds,  indicating  long  ft.  in. 
quiescence.  The  roof  includes  laminae  of  coal,  some  of  them 
composed  of  the  bark  of  Sigillaria  catenoides,  also  an  erect 
Slgillaria  rooted  in  the  coal  below.  The  coal  and  coaly  shale 
exhibit  remains  of  Sigillaria,  Cordaites,  Lepidophyllum,  and 
Cyperites ;  and  one  layer  has  many  hard  pyritized  fragments 
of  wood.  The  mineral  charcoal  has  vascular  bundles  of  ferns, 
coarse  scalariform  tissue,  and  porous  tissue.  The  underclay 
rests  on  a  bed  with  Naiadites. 

(Underclay,  Stigmaria,  and  grey  and  carbonaceous 
shales)         18    0 

{Shale  and  coaly  laye
rs. Coa^4feet      

     
4    0 

Argillaceous  underclay,  Stigmaria. 

The  roof  has  obscure  fragments  of  plants  and  stumps  in  . 
the  state  of  mineral  charcoal.  The  coal  shows  impressions 
of  flattened  trunks,  probably  Sigillarice.  This  coal  contains 
a  great  variety  of  tissues,  especially  bast  and  scalariform  of 
different  kinds,  and  epidermal.  My  measurements  in  this 
part  of  the  section  differ  somewhat  from  those  of  Sir  W.  E. 

Logan,  who,  I  suppose,  had  not  a  good  opportunity  of  ex- 
amining the  two  last  coals.  The  coal  29a  is  now  mined  by 

an  adit  from  the  shore,  called  the  "  new  mine." 
(Sandstone  and  shale.     One  sandstone  has  many  large 

erect  Sigillaria,  some  of  them  with  rough  and 
furrowed  bark)          35     0 

^Argillaceous  shale  and  ironstone. Coal  4  inches. 

Underclay,  dark-coloured,  2  feet.  * 
^1  QA      J  Coal  and  coaly  shale  2  inches. 
Coal-group  30...  ̂ ^^^^3-^^^^^  J 

Coaly  shale  2  inches. 
I  Coall  inch           3    0 
\  Soft  argillaceous  underclay,  Stigmaria. 

The  roof  has  bark  of  Sigillaria  preserved  in  ironstone. 
The  coal  is  pyritous,  and  consists  of  layers  of  mineral  char- 

coal alternating  with  bright  coal ;  it  has  obscure  impressions 
of  plants  and  bast  tissue  in  the  mineral  charcoal. 

(G-rey    shale   and   sandstone.     One  underclay,  and 
erect  Calamites  and  Sigillaria  at  two  levels)          19    0 

/^  G-rey  sandstone. 
{  Coal  and  coaly  shale  1  foot, 

CoaI-group31...     JJ„— ̂ .fSr'l'°°'- 
CoGZ2inches          2    8 

\  Argillaceous  underclay,  Stigmaria. 

The  roof  contains  Sigillarice,  and  the  coal  has  flattened 
impressions  of  the  same.  This  coal  is  remarkable  as  having  a 
roof  of  sandstone.  Its  underclay  is  also  peculiar.  It  is  about 
9  feet  in  thickness,  and  contains  Stigmaria  and  nodules  of 

k2 
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ironstone  throughout.  It  rests  on  a  bituminous  limestone  ft.  in. 
containing  Naiadites  and  scales  of  fishes,  and  also  large  roots 
of  Stigmaria  evidently  in  situ.  This  bed  gives  more  colour 
to  the  idea  oi  Stigmaria  having  grown  underwater  than  any 
other  bed  at  the  Joggins.  I  believe,  however,  that  it  merely 

implies  the  drying-up  of  a  pond  or  creek  into  a  swamp,  sub- 
sequently inundated  at  intervals  with  muddy  water. 

(Underclay  and  bituminous  limestone,  succeeded  by 
sandstone  and  shale)         27    8 

r  Grey  shale. 
Coal-group 32...  •<  Coa^  and  coaly  shale  2  feet  4  inches             2    4 

[_  Argillo-arenaceous  underclay,  Stigmaria. 

This  is  a  series  of  thin  coaly  bands  alternating  with  shales. 
The  roof  contains  trunks  of  Sigillaria,  Cordaites,  Alethopteris, 
and  Cyperites,  The  coal  has  numerous  flattened  trunks  of 
Sigillaria. 

(Grrey  and  reddish  sandstone  and  shale.  Five  under- 
clays,  one  with  a  film  of  coal  and  erect  Sigillarics 
attwolevels)       149     0 

r  Coaly  shale. 

Coal-group 33..."^  Coan  inch   ,          0    1 
(_  Argillaceous  underclay,  Stigmaria. 

The  roof  has  flattened  trunks  and  vegetable  fragments. 

The  coal  is  a  mere  soil,  with  remains  of  Sigillaria  and  Cor- 
daites, and  vascular  bundles  of  ferns. 

(Ked  and  grey  sandstone  and  shale)         45     0 

fGre
y  shale

. 

Coal  and  coaly  and  grey  shale  (under
clay).

 

Argill
aceous

  
underc

lay,  
Stigma

ria. 

These  layers,  though  not  of  sufiicient  importance  to  be 
measured  as  coal-bands,  are  most  interesting  as  furnishing 
examples  of  what  may  be  termed  rudimentary  coal-beds. 
Each  layer  is  plainly  composed  of  prostrate  trunks  of  Sigil- 

laria resting  on  Stigmarian  underclay,  and  mixed  with  Cor- 
daites, Alethojpteris  lonchitica,  and  vascular  bundles  of  ferns. 

In  one  layer  is  a  stump  in  the  state  of  mineral  charcoal. 
In  another  there  are  coprolites,  scales  of  fishes,  Spirorhis, 
and  fragments  of  Crustaceans.  In  a  reddish  shale  above 
these  beds  there  is  a  patch  of  grey  sandstone  interlaced  with 
Stigmarian  roots,  as  if  the  sand  had  been  prevented  from 
drifting  away  by  a  tree  or  stump. 

(Eeddish  and  grey  sandstones  and  shales,  with  three 
or  more  underclays,  having  their  coaly  layers 
holding  Sigillaria.  Erect  Sigillarics  at  two  levels)     246    0 

{Underclay,  with  ironstone  and  Stigmaria. Coal  and  coaly  shale  2  inches. 
Underclay,  with  ironstone  and  Stigmaria,  4  feet. 
CoaZ  and  coaly  shale  2  inches    ,,...         4    4 
Argillo-arenaceous  underclay,  Stigmaria. 

Only  obscure  vegetable  fragments  were  observed. 

(Grey  and  reddish  sandstone  and  shale,  with  Stig- 
maria)         13  10 
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{Underclay  with  Stigmaria,  ft.  in. 
Coaly  shale  3  inches           0    3 
Ked  and  greenish  underclay,  a  few  rootlets. 

The  coaly  shale  contains  many  leaves  of  Oordaites  horassi- 
folia, 

(Red,  grey,  and  dark   shale,  sandstone,   and  bitu- 
minous limestone.     Three  underclay s  and  erect 

at  oneleyel)  .c         67    0 

IX. 

/Bituminous  limestone. 

1  Coaly  shale  and  coal  3  inches. 
Coal-group  36...  ■{  Reddish  shale  and  ironstone,  2  feet  6  inches. 

I  Coa^Sinches          3    0 
^  Argillaceous  underclay,  Stigmaria. 

The  roof  has  Stigmaria  in  situ,  and  has  been  a  soil  or 

underclay.  It  also  contains  Gythere,  fish-scales,  coprolites, 
and  Spirorhis.  In  the  upper  coaly  shale  are  prostrate  car- 

bonized trunks. 

(Reddish  and  grey  shale,  sandstone,  and  bituminous 
limestone)          21     6 

/^Bituminous  limestone  and  shale. 
Coal  4  inches. 

Underclay  1  foot  6  inches. 
Coal  6  inches. 

Coal-group  37. . .  ■{  Underclay  1  foot. 
Bituminous  limestone  3  inches. 
Shale  3  inches. 
Coal  1  inch           3  11 

^  Underclay  with  Stigmaria. 

The  roof  has  Stigmaria,  also  fish-scales,  Naiadites,  and 
Cythere.  The  shales  are  pyritized.  The  coal  shows  only 
obscure  fragments  of  plants ;  but  Sigillarice  in  the  state  of 
ironstone  occur  in  some  of  the  clays. 

VIII. 

(Red  and  grey  sandstone  and  shale.  Two  under- 
clays.  Many  shells  of  Pupa  vetusta  occur  in  one 
of  these,  about  12  feet  below  the  last  coal)         83    0 

VII. 

Calcareo-bituminous  shale. 
Coal  1  inch. 

Coal-group  38...  -^  Bituminous  limestone  6  inches. Coal  2  inches. 

Underclay  passing  into  chocolate  shale,  Stigmaria. 

The  bituminous  limestone  and  shale  contain  Cythere, 

Naiadites  elongatus  and  iV^.  carhonarius,  coprohtes,  Spirorhis, 
and  Stigmaina.  The  lower  coal  has  Sigillaria  elegans,  S. 
scutellata  (?),  S.  Brownii,  AJethopteris  lonchitica,  Cordaites 
lorassifoUa,  and  vascular  bundles  of  ferns. 

(Red  and  grey  shales  and  sandstones,  and  one  grey 
limestone  with  Cythere.  One  underclay.  Many 
drift  trunks,  among  which  are  Sigillaria  and 

Lepidoiyh^oios)       ,.,.,..,,.,....,.,......  123     § 
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Coal-group  39. 

ft.   in. r  Red  and  grey  shale,  with  ironstone, 
I  Cba^^inch         0    0^ 

I  Grey  underclay,  with  Stigmaria,  resting  on  bitu- 
[      minous  limestone,  with  Stigmaria  and  Cytherc. 

This  thin  coal  consists  of  a  layer  of  flattened  trunks,  pro- 
bably of  Sigillaria,  with  a  quantity  of  mineral  charcoal. 

(Red  and  grey  shales.     One  bed  with  erect  Calamites, 
■  another  with  erect  8igillaria)         65 

Coal-group  40. 

Coal-group  41 . . 

III. 

'Grey  shale  and  ironstone. 
Bituminous  limestone  and  shale,  with  coaly  films, 

7  inches. 
Underclay  1  foot. 
Coal  1  inch. 

Coaly  shale  3  inches. 
Underclay  1  foot. 
Bituminous  limestone  6  inches. 
Coal  and  coaly  shale  2  inches            3    7 

^  Argillaceous  underclay,  ironstone,  and  Stigmaria. 

The  bituminous  limestone  and  shale  have  Naiadites, 
Cythere,  Spirorhis,  scales  of  fishes,  and  coprolites,  and  a  large 
spine  of  Gyracanthus,  also  roots  of  Stigmaria.  The  upper 
underclay  holds  carbonized  erect  trunks.  The  lower  coal  has 
vascular  bundles  of  ferns  and  Cordaites.  The  roof  supports 
erect  stumps. 

(Underclay  with  ironstone  nodules)            5    0 
'  Underclay  as  above. 

■   Calcareo-bituminous  shale  and  films  of  coal            3    4 
Argillaceous  underclay,  Stigmaria. 

The  bituminous  limestone  has  Naiadites  carbonarius, 
Cythere,  GOi^rolites,  and  Spirorbis.  The  roof  has  prostrate 
Sigillarice  converted  into  coaly  layers.  The  underclay  has 
distinct  stumps  of  Stigmaria. 

(Shales  with    Stigonaria  and  ironstone,  sandstones, 
bituminous  limestone,  and  carbonaceous  shale  at 
bottom)          14     4 

/^Bituminous  limestone. 
Coal  3  inches. 
Shale  1  foot. 
Coal  1  foot. 

Underclay,  Stigmaria,  1  foot. 
Coal  2  inches           3    5 

^  Dark  argillaceous  underclay,  Stigmaria. 

The  roof  contains  Naiadites,  Cythere,  and  coprolites.  The 
coal  is  coarse,  pyritous,  and  shaly,  and  has  bark  of  Sigillarla, 
Calamites,  and  vascular  bundles  of  ferns.  It  seems  to  be  the 
edge  of  a  bed,  as  it  thins  rapidly  in  the  direction  of  the  bank, 
or  to  the  east. 

Coal-group  42. 
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n. 

(Reddish  shale  and  sandstone  with  one  underclay 
r  Reddish  underclay  with  Stigmaria. 

ft.  in. 
35    0 

Coal-group  43. . .  •<  Coaly  shale  1  inch           0     1 
|_  Reddish  underclay,  Stigmaria. 

This  bed  diminishes  to  a  mere  film  towards  the  bank. 

Coal-group  44 . . .  ■< 

(Reddish,  grey,  and  dark  shales  and  sandstone,  Stig- 
maria in  some  beds,  and  erect   Sigillarice  and 

Ca/amzYes  at  one  level)          63 

(  G-rey  shale  with  ironstone. 
Bituminous  limestone  and  shale  with  ironstone,  10ft.  1  in. 
Coal  \  inch. 

Bituminous  limestone,  Stigmaria,  ̂   inch.  ' Coal  5  inches. 
Bituminous  limestone,  Stigmaria,  2  inches. 
Coal  1  inch. 
Bituminous  limestone,  Stigmaria,  2  inches. 
CoaHinch           11     0^ 

^  Argillo-arenaceous  underclay,  traces  of  rootlets. 

The  bituminous  limestone  has  scales  of  fishes,  JSpirorhis, 
and  Oyihere.  The  coal  has  Cordaites  and  vascular  bundles 
of  ferns. 

(Red  and  grey  sandstone  and  shale.    One  underclay, 
and  erect  Ca^aweYes  at  one  level)          98    6 

^Reddish  shale. 
Carbonaceous  shale,  10  inches. 
Coaly  matter  ̂   inch. 
Hard  imderclay,  Stigmaria,  2  feet. 
Coaly  matter  ̂   inch. 
Underclay,  Stigmaria,  7  feet. 
Coal  3  inches         10    2 

^  Arenaceous  underclay,  Stigmaria. 
In  the  roof  of  the  lower  coal  is  an  erect  tree.  The  coal  has 

vascular  bundles  of  ferns,  remains  of  fern-leaves,  and  bast 
tissue.  The  underclay  has  many  coaly  films,  apparently 
flattened  bark  of  trees. 

Reddish  and  grey  sandstone  and  shale           5    6 

Coal-group  45... 

Total  thickness  of  Division  4,  according  to  Logan's  measurements    2539     1 

e.  Division  5. — This  consists  of  reddish  shales  and  red  and  grey 
sandstones.  It  contains  no  coal,  and  is  poor  in  fossils,  only  a  few 
drifted  trunks  appearing  in  the  section.  It  corresponds  to  the  upper 
part  of  the  Millstone-grit  series.  Its  thickness,  according  to  the 

measurements  of  Sir  "William  E.  Logan,  is  2082  feet. 
f.  Division  6. — This  may  be  regarded  as  the  middle  of  the  Mill- 

stone-grit series.  It  constitutes  a  sort  of  false  coal-formation,  sepa- 
rated from  the  Middle  Coal-formation  by  the  barren  beds  of  Division  5. 

It  contains  nine  small  or  rudimentary  coal-beds,  which,  however,  are 
not  well  seen  in  the  section,  and  have  afforded  few  facts  of  interest. 
It  has  many  thick  and  coarse  sandstones  and  much  red  shale,  with 
comparatively  few  dark-coloured  beds.  Its  total  thickness  is  stated 
by  Sir  W.  E.  Logan  at  3240  feet. 
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4    2 

0    1 

19    1 

Though,  this  group  contains  little  coal,  it  is  to  be  observed  that  it 
has  many  underclays,  indicating  soils  which  supported  forests  of 
jSigillaria,  and  that  erect  Bigillarice  occur  very  near  the  base  of  the 
division.  The  absence  of  important  beds  of  coal  is  therefore  due  to 
the  local  physical  conditions,  and  not  to  the  want  of  the  necessary 
vegetation.  . 

(Sandstones  and  shales  with  many  drifted  trunks  of        '   ̂̂ ' 
I)adoxylo7i)       539    7 

'Blackish  grey  shale. 
Calcareous  shale  1  foot. 

Coal-group  1  . . .  <  Black  shale  3  feet. 
Coaly  shale  2  inches    

^Argillo-arenaceous  under  clay,  Stigmaria. 
(Red  and  grey  sandstone  and  shale  and  concretionary 

limestone,"  trunks  of  Badoxylon  and  other  trees. 
One  underclay)        160 

(G-rey
  shale. 

Coaly  shale  1  inch  
 

Eeddish
  

and  grey  undercla
y,  

Stigmari
a. 

(Series 
 
of  undercl

ays  
with  Stigmari

a.     
The  beds  a 

reddish  or  grey,  and  arenaceous)   
(  Reddish  shale. 
Coaly  shale  1  inch. 
G-reenish  shale  6  inches. 
Coaly  shale  1  inch. 

Coal-group  3  . . .  •{  Grreenish  shale  2  feet  6  inches. 
Coaly  shale  3  inches. 
Greenish  shale  1  inch. 
Coal  and  coaly  shale  3  inches            3    9 

^  Argillo-arenaceous  vmderclay,  Stigmaria. 
The  coal  contains  bast  tissue  and  reticulated,  porous,  and 

scalariform  tissues  of  Sigilla7na  and  Calamodendron. 
(Series  of  underclays  as  before)         12     0 

{Underclay,  Stigma
ria. Coal  and  coaly  shale  3  inches         

  
0    3 

Argillo-arenaceous  underclay,  Stigmaria. 

(Series  of  underclays  as  before)        
 

24    0 

(Gre
y  shale

. 

Coaly 
 
matter

  
^  inch   

 

Greeni
sh  

underc
lay,  

Stigma
ria. 

(Under
clay  

and  sandst
one,  

the  latter 
 
with  an  erect 

Sigilla
ria)   
 

 

(Sandstone  (erect  Sigillaria  as  above). Coaly  shale  3  inches    

Argillo-arenaceous  underclay,  Stigmaria. 

(Fifteen  feet  of  underclay,  under  which  a  thick  sand- 
stone with  great  quantities  of  drifted  trunks  of  Ba- 

doxylon and  Sigillaria.     Below  this  alternations 
of  grey  and  red  sandstone  and  shale)        210  10 

/Grey  sandstone. 
Bituminous  limestone  3  inches. 
Grey  shale  3  feet. 
Grey  limestone  2  inches. 

Coal-group  *7  .,.-{  Coaly  shale  6  inches. Bituminous  limestone  3  inches. 
Coaly  shale  1  foot. 
CoalX  inch   ,   ,,.,.        5    3 

^  Argillo-arenaceous  underclay,  Stigmaria. 

0    i 

10    0 

0    3 



1865.]  DAWSON — COAL-FOHMATION.  125 

The  lower  bituminous  limestone  contains  Naiadites  ovalis,      ft.  in. 
Cythere,  and  scales  of  Lepidoid  fishes.     The  lower  coal  has 
much  Cyperites  and  bark  of  8igillaria,  also  bast  tissue  in 
mineral  charcoal. 

(Thick  beds  of  grey  sandstone  and  grey  shale,  with 
drifted  trunks  of  Badoxydon,  Sigillaria,  and  Ca- 
lamites,  and  leaves  of  Cordaites)        532     0 

(  Grey  shale. 
Coal-group  8  ...  J.  Coa^^inch           0    ̂  

[  Argillo-arenaceous  underclay,  Stigmaria. 

This  coal  is  laminated,  the  laminae  being  bark  of  Sigil- 
larice.     The  underclay  is  very  rich  in  Stigmaria. 

(G-rey  sandstone  with  grey  and  red  shale.  Many 
drifted  trunks  of  BigiUaria  and  Calamites,  and  an 
erect  Sigillaria  in  the  lowest  bed  of  sandstone)...  1224    0 

{Gr
ey 

 shale
. 

Coaly
  
matte

r  
and  carb

onac
eous
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(Grey  and  red  sandstone  and  shale  and  calcareous 
bands,  some  of  them  bituminous.  Near  the 
middle  a  thick  band  of  laminated  black  shale  with 
Naiadites  Icevis,  Cyjjerites,  and  Lepidostrohis. 
Drifted  Calamites  in  the  sandstones)        496    4 

Total  thickness,  according  to  Logan     3240    9 

g.  Division  7. — This  division  consists  principally  of  red  and  choco- 
late, shales  with  red  and  grey  sandstone,  arenaceous  conglomerates, 

and  thin  beds  of  concretionary  limestone.  It  may  be  regarded  as  the 
base  of  the  Millstone-grit  formation.  Its  thickness  is  stated  by  Sir 
W.  E.  Logan  at  650  feet. 

No  fossils,  other  than  carbonized  fragments  of  plants,  have  been 
found  in  this  division. 

h.  Division  8. — This  division  consists  of  reddish  shales  with  green- 
ish and  red  sandstone,  grey  shale,  grey  compact  limestone,  and  gyp- 

sum. It  may  be  regarded  as  the  upper  part  of  the  Lower  Carboniferous 
formation ;  and  almost  immediately  under  its  lowest  beds  there  are 
marine  limestones  with  Procluctus  cora  and  other  characteristic  Lower 
Carboniferous  fossils. 

Only  fragments  of  plants,  often  replaced  by  sulphuret  of  copper, 
have  been  found  in  this  division.  Its  thickness  is  stated  by  Logan 
at  1658  feet. 

§  lY.    EeMAEKS  ON  THE  AnIMALS  AND  PlANTS  WHOSE  EeMAINS  OCCUR 
IN  THE  Coil. 

1.  Introduction. — Under  this  heading  I  shall,  in  the  first  place, 
present  a  tabular  view  of  the  relative  frequency  of  occurrence  of  the 
several  genera  in  the  beds  of  coal  and  their  roof-shales,  without 
reckoning  the  almost  invariable  occurrence  of  Sligmaria  in  the  under- 
clays,  which  is  of  course  to  be  taken  as  an  indication  of  the  existence 
of  Sigillarioid  trees  in  connexion  with  the  growth  of  the  coal. 
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The  number  of  coals  reckoned  may  vary  according  to  the  manner 
in  which  the  several  layers  are  grouped;  but  as  arranged  in  the 
above  sectional  list  it  amounts  to  eighty-one  in  all.  Of  these,  23  are 

found  in  Division  3  of  Logan's  section,  being  the  upper  member  of 
the  Middle  Coal-formation ;  49  are  found  in  Division  4  of  Logan's 
section,  being  the  lower  member  of  the  Middle  Coal-formation ;  9 

occur  in  Division  6  of  Logan's  section,  or  in  the  equivalent  of  the 
Millstone-grit.  In  the  latter  group  few  of  the  coals  were  suffi- 

ciently well  exposed  to  enable  a  satisfactory  examination  to  be  made. 
I  have  grouped  the  remains  under  three  heads — External  Forms  of 
Plants,  Microscopic  Structure  of  Plants,  and  Animal  Eemains — and 
have  arranged  the  forms  under  each  in  the  order  of  their  relative 
frequency  of  occurrence. 

Table  showing  the  Relative  Frequency  of  Occurrence  of  Genera  of 
Plants  and  Animals  in  the  Coals  of  the  South  Joggins. 

Names  of  Fossils. 
Division  3. 
23  coals. 

Division  4. 
49  coals. 

Division  6. 

9  coals. 

Total. 

81  coals. 

Plants. 

Sigillaria    occurs  in 
Cordaites      

Pilices  {mostly  Aletho- 
pteris  lonchitica) 

Lepidodendron    and 
Lepidophloios    . . . 

Calamites      
Carpolites,  &c   ,, 
Asterophyllites    
Calamodendron   

Structures. 

Vascular  bundles  of 
ferns      

Bast  tissue  ( Sigillaria) 
Epidermal        tissue 

{Cordaites,  &c.) ... 
Scalariform     (Sigil., 

Stig.,  Lepidod.,  &c.) 
Discigerous  ( Sigillaria 

widi  Badoxylon,  &c.) 
Reticulated  ( Calamo- 

dendron, Ferns,  &c.) 

Animals. 

Fishes  (Palcsoniscus, 
Bhizodus,  &c.)    ... 

Naiadites      {Anthra- 
comya,  &c.). 

13 
15 

Cythere 
Insects(?)    

Reptiles      {Dendrer- 
peton,  &c.)   

vetusta  and  Xylo- 
bius  sigillari<2   

34 26 
17 

15 

12 9 
2 
1 

22 
16 

6 

9 

8 

16 
16 

16 
13 
3 

1 

1 

49 
41 

23 
16 

16 

11 
3 
1 

30 

20 

12 
11 
10 

3 

18 

17 

16 

14 
3 

1 

1 
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It  will  be  observed  that,  whether  we  regard  the  external  forms  or 
the  internal  structures  preserved,  the  predominant  plants  are  Si(/il- 
laria,  Cordaites,  and  Ferns,  with  Lepidodendron  and  Ccdamites.  The 
substance  of  the  coal  itself,  so  far  as  its  structure  is  preserved, 
may  be  said  to  be  principally  composed  of  bark  of  Sigillaria  and 
leaves  and  stems  of  ferns  and  Cordaites.  In  regard  to  the  propor- 

tions in  different  parts  of  the  series,  little  difference  exists,  except 
that  Cordaites  and  Calamites  are  rather  more  abundant  in  the  upper 
coals,  and  Lepidodendron  in  the  lower,  while  the  middle  of  the  series 
is  the  headquarters  of  Sigillaria  and  ferns.  Eemains  of  aquatic 
animals  occur  in  connexion  with  a  large  proportion  of  the  coals,  more 
especially  in  the  middle  of  the  series.  This  may  be  explained  in 
connexion  with  the  theory  of  growth  of  the  coal  in  situ  by  the  follow- 

ing considerations : — (1)  It  was  necessary  to  the  preservation  of  the 
vegetable  matter  composing  a  bed  of  coal  that  it  should  be  sub- 

merged and  covered  with  sediment.  (2)  On  the  submergence  of  a 
swamp  covered  with  standing  trees  and  other  vegetation,  these  would 
prevent  the  passage  of  strong  currents  carrying  coarse  detritus,  and 
the  area  would  be  covered  with  fine  sediment  deposited  in  still  water 
and  under  conditions  favourable  to  certain  kinds  of  aquatic  animals. 

(3)  "When  the  currents  carrying  detritus  were  sufficiently  powerful to  uproot  and  sweep  away  the  forests  and  the  brakes  of  Calamites,  they 
would  also  remove  or  disturb  the  vegetable  soil.  It  follows  that  we 
should  expect  the  more  important  coals  to  be  covered  with  fine  sedi- 

ment containing  animal  as  well  as  vegetable  remains,  and  that  beds 
roofed  with  sandstone  or  coarse  shale  must  either  have  been  of  small 

area  or  sparsely  covered  with  trees  at  the  time  of  their  submergence. 
This  accounts  for  the  otherwise  anomalous  circumstance  that  the 

evidences  of  aqueous  conditions  in  association  with  the  coal  are  pro- 
portionally more  abundant  in  the  middle  than  in  the  upper  part  of 

the  Coal-measures.  We  may  now  proceed  to  consider  the  genera  of 
plants  and  animals  separately,  in  their  relation  to  the  growth  of  coal. 

2.  Coniferous  Trees. — Four  species  of  coniferous  trees,  referable  to 
the  genus  Dadoooylon,  have  been  found  in  the  Coal-formation  of  Nova 
Scotia.  They  are  known  to  me  only  by  the  microscopic  structure  of 
their  wood ;  but  on  the  evidence  afforded  by  this  I  have  named  and  de- 

scribed them  as  new  species*.  One  of  them,  D.  antiquius,  is  closely 
allied  to  D.  Withami  of  Great  Britain,  and,  like  that  species,  belongs 
to  the  Lower  Carboniferous  Coal-measures.  Its  structure  is  of 
that  character  for  which  Brongniart  proposed  the  generic  name 

^^  Palceoooylon.^^  It  has  not  yet  been  found  at  the  Joggins.  Another 
species,  D.  Acadianum,  is  found  abundantly  at  the  Joggins  in  the 
condition  of  drifted  trunks  imbedded  in  the  sandstone  of  the  lower 

part  of  the  Coal-formation  and  the  upper  part  of  the  Millstone-grit 
series.  The  third  species,  D.  materiarium,  is  very  near  to  D.  Brand- 
lingii  of  Great  Britain,  and  may  possibly  be  only  a  variety.  It  is 
especially  abundant  in  the  sandstone  of  the  Upper  Coal-formation,  in 

*  Descriptions  referred  to  here  and  in  subsequent  pages  will  be  found  in 
"  Synopsis  of  the  Flora  of  the  Carboniferous  Period,"  Can.  Nat.  vol.  viii.,  and  in 
the  Appendix. 
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which  vast  numbers  of  drifted  trunks  of  this  species  occur  in  some 
places.  The  fourth  species,  D.  annulatum,  presents  a  very  pecuhar 
structure,  probably  of  generic  value.  It  has  alternate  concentric  rings 
of  diseigerous  woody  tissue,  of  the  character  of  that  of  Dadoocylon,  and 
of  compact  structureless  coal,  which  either  represents  layers  of  very 
dense  wood  or,  more  likely,  of  corky  cellular  tissue.  In  the  latter 
case  the  structure  would  have  affinities  with  that  of  certain  Gnetacece 
and  of  Cycads. 

Though  coniferous  trees  usually  occur  as  decorticated  and  pros- 
trate trunks,  I  have  recorded  the  occurrence  of  one  erect  specimen, 

in  a  sandstone  a  little  above  the  "  Main  Coal,"  at  the  Joggins'.  It 
probably  belonged  to  the  species  last  named.  Tissues  of  coniferous 
trees  are  very  rare  in  the  coal  itself.  Most  of  the  diseigerous  tissues 
found  in  the  coal  belong  to  SigiUaria  and  Calamodendron.  From  the 
abundance  of  coniferous  trees  in  sandstones  above  and  below  the  coal, 

and  their  comparative  absence  in  the  coal  and  coal-shales,  it  may  be 
inferred  that  these  trees  belonged  rather  to  the  uplands  than  to  the 
coal-swamps ;  and  the  great  durability  and  small  specific  gravity  of 
coniferous  wood  would  allow  it  to  be  drifted,  either  by  rivers  or  ocean- 
currents,  to  very  great  distances.  I  am  not  aware  that  the  fruits  of 
pine  trees  occur  at  the  Joggins,  unless  some  of  the  Trigonocarpa  are 
of  this  character.  Nor  has  any  foliage  of  these  trees  been  found ; 
but  at  Tatmagonche,  in  the  continuation  of  the  Upper  Coal-formation, 
there  are  leafy  branchlets  which  I  have  named  Araucarites  gracilis, 
and  which  may  possibly  have  belonged  to  Badoxylon  materiarium. 

The  casts  of  pith-cjdinders  known  as  Bternhergice  are  abundant 
in  some  of  the  sandstones,  especially  in  the  Upper  Coal-formation. 
I  have  shown  that  in  Nova  Scotia,  as  in  England,  some  of  thes§  sin- 

gular casts  belong  to  Dadoccylon*  ;  but  as  the  pith-cylinder  of  ̂igil- 
laria  and  of  Lepidojphloios  was  of  a  similar  character,  those  which  are 
destitute  of  woody  investment  cannot  be  determined  with  certainty, 
though  in  general  the  transverse  markings  are  more  distant  in  the 

Sternbergioi  of  Sigillaria  and  Lepidojphloios  than  in  those  of  Dado- 
ooylon. 

In  Plate  Y.,  and  in  Plate  VI.  fig.  14,  I  have  given  illustrations  of 
the  coniferous  plants  above  referred  to. 

3.  Sigillarice. — I  have  catalogued  or  described  no  less  than  twenty- 
one  species  belonging  to  this  family,  from  the  Coal-measures  of  Nova 
Scotia.  They  may  be  arranged  under  the  following  provisional 

genera : — 
(1.)  Favxjlaeia,  Sternberg  . .. .     Sigillaria  elegans,  Brongyi. 

  tessellata,  Brongn. 
  Bretonensis,  Dawson. 

(2.)  Rhttidolepis,  Sternberg  . .       scutellata,  Brongn. 
  Schlotheimiana,  Brongn. 
  Saullii,  Brongn. 
  Dournaisii,  Brongn. 
  Knorrii,  Brongn. 

^  Proceedings  of  the  American  Association,  1837,  Canadian  Naturahst,  vol.  ii. 
Paper  on  Structures  of  Coal,  Quart.  Journ.  Geol.  Soc.  1860. 
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(2.)  Rhttidolepis  (continued)        Sigillaria  pachyderma,  Broiign. 

  flexuosa,  L.  Sf  H.'i 
  elongata,  Brongn. 

(3.)  SiGiLLAEiA,  Brongn         reniformis,  Brongn. 
  Brownii,  Dawson. 

  IsDvigata,  Brongn. 

  planicosta,  Daiuson. 
  catenoides,  Dcavson. 
  striata,  Dcavson. 
  eminens,  Dawson. 

(4.)  Clathraeia,  Brongn     Menardi,  Brongn. 
(5.)  Leiodeema,  Ooldenh        Sydnensis,  Dawson. 

(Asolanus,  Wood). 

(6.)  SxEiNGODENDEOif,  Stemh. . .   organum,  L.  ̂   H. 

Of  these,  seven  are  probably  new  species,  and  the  remainder  can  be 
identified  with  reasonable  certainty  with  European  species.  The 
differences  in  the  markings  in  different  parts  of  the  same  tree  are, 
however,  so  great,  that  I  regard  the  greater  part  of  the  recognized 
species  of  Sigillarice  as  merely  provisional.  Even  the  generic  limits 

may  be  overpassed  when  species  are  determined  from  hand  speci- 
mens. A  fragment  of  the  base  of  an  old  trunk  of  ̂ ^igiUaria  proper 

would  necessarily  be  placed  in  the  genus  Leloderma,  and  a  young- 
branch  of  Favidaria  has  all  the  characters  of  the  genus  Clathraria. 
It  is,  however,  absolutely  necessary  to  make  some  attempt  at  generic 
distinction  among  the  diverse  forms  included  in  the  genus  Sigillaria ; 
otherwise  it  will  be  impossible  to  reconcile  the  conflicting  statements 
of  ajithors  as  to  the  dimensions,  habit  of  growth,  foliage,  roots,  and 

fructification  of  these  singular  plants  ; — such  statements  usually  ap- 
plying to  one  or  more  of  the  subordinate  generic  types.  I  shall 

therefore  notice  separately,  and  with  especial  reference  to  their 
function  in  the  production  of  coal,  the  several  generic  or  subgeneric 

forms,  beginning  with  that  which  I  regard  as  the  most  important — 
namely,  Sigillaria  proper,  of  which,  in  Nova  Scotia,  I  regard  the 
species  which  I  have  named  S.  Broivnii  (figs.  15  to  20,  PI.  YI.)  as 
the  type.     Other  species  are  represented  in  figs.  21  to  28. 

In  the  restricted^:  genus  Sigillaria  the  ribs  are  strongly  developed, 
except  at  the  base  of  the  stem ;  they  are  usually  much  broader  than 

the  oval  or  elliptical  tripunctate  areoles,  and  are  striated  longitu- 
dinally. The  woody  axis  has  both  discigerous  and  scalariform  tissues, 

arranged  in  wedges,  with  medullary  rays  as  in  exogens  * ;  the 
pith  is  transversely  partitioned  in  themanner  of  Sternhergia ;  and 
the  inner  bark  contains  great  quantities  of  long  and  apparently  very 
durable  fibres,  which  I  have,  in  my  descriptions  of  the  structures  in 

in  the  coal,  named  "  bast  tissue."  The  outer  bark  was  usually  thick, 
of  dense  and  almost  indestructible  cellular  tissue.  The  trunk  when 

old  lost  its  regular  ribs  and  scars,  owing  to  expansion,  and  became 

furrowed  like  that  of  an  old  exogenous  tree.  The  roots  were  Stig- 
marice  of  the  type  of  the  ordinary  S.  ficoides.     1  have  not  seen  the 

*  Quart.  Journ.  Geol.  Soc,  paper  on  Structures  of  Coal. 
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leaves  or  fruits  attached ;  but,  from  tlie  associations  observed,  I  believe 

that  the  former  were  long,  narrow,  rigid,  and  two-  or  three-nerved 
(  Cyperites),  and  that  the  latter  were  Trigonocmya,  borne  in  racemes 
on  the  upper  part  of  the  stem.  These  trees  attained  to  a  great  size. 
I  have  seen  one  trunk  four  feet  in  diameter,  and  specimens  of  two 
feet  or  more  in  diameter  are  common:  some  of  these  trunks  have  been 

traced  for  thirty  or  forty  feet  without  branching.  The  greater 
number  of  the  erect  stumps  preserved  at  the  Joggins  appear  to  belong 
to  this  genus,  which  also  seems  to  have  contributed  very  largely  to 
the  formation  of  coal.  Judging  from  the  paucity  of  their  foliage,  the 
density  of  their  tissues,  and  the  strong  structural  resemblance  of 
their  stems  and  roots  to  those  of  Cycads,  I  believe  that  their  rate 
of  growth  must  have  been  very  slow. 

The  genus  Uhytidolepis,  in  which  the  areoles  are  large,  hexagonal, 
and  tripunctate,  and  the  ribs  narrow  and  often  transversely  striate, 
ranks  as  a  coal-producer  next  to  Sigillaria  proper,  and  is  equally 
abundant  in  the  Coal-measures.  These  trees  seem  to  have  been  of 
smaller  size  and  feebler  structure  than  the  last  mentioned,  and  are 

less  frequently  found  in  the  erect  position ;  but  they  are  very  abun- 
dant on  the  roofs  of  the  coal-beds.  Judging  from  such  specimens 

as  I  have  seen,  their  roots  were  less  distinctly  Stigmarioid  than  in  the 
last  genus,  though  this  appearance  may  arise  from  difference  of  pre- 

servation. Their  leaves  were  of  the  same  type  as  in  the  last  genus  ; 
and  their  stems  bear  rings  of  irregular  scars,  which  may  mark  stages 

of  growth,  or  the  production  of  slender  racemes  of  fruit  in  a  verti- 
ciUate  manner.  The  woody  axis  of  the  stems  of  this  genus  was  com- 

posed of  scalariform  and  coarsely  porous  tissues,  much  like  those  of 
modern  Cycads.  I  figure,  as  an  illustration  of  the  genus,  a  fragment 
of  S.  scutellata  showing  one  of  the  belts  of  abnormal  scars. 

The  genus  Favularia  is  represented  in  IS'ova  Scotia  principally  by 
the  typical  species  S.  elegans  of  Brongniart.  The  admirable  investiga- 

tions of  the  structure  of  the  stem  of  this  species  by  Brongniart,  with 
the  further  illustrations  given  by  Corda,  Hooker,  and  Goldenberg,  still 
afford  the  best  general  views  of  the  structure  of  Sigillariw  which 

we  possess*.  It  is  to  be  observed,  however,  that  Brongniart's  speci- 
men was  a  young  stem  or  a  branch,  and  that  it  affords  a  very  imper- 

fect idea  of  the  development  of  discigerous  and  bast  tissues  in  the 
full-grown  stems  of  Sigillaria  proper.  The  trees  of  this  genus  ap- 

pear to  have  been  of  small  growth;  and  they  branched  in  the  manner 
of  Lepidodendron,  the  smaller  branches  being  quite  destitute  of  ribs, 
and  with  the  areoles  elliptical  and  spirally  disposed.  The  stems  show 
joints  or  rings  of  peculiar  scars  at  intervals,  as  in  the  last  genus. 
The  leaves  differ  from  those  of  the  other  genera,  being  broad  and  with 
numerous  slender  parallel  veins,  almost  in  the  manner  of  Cordaites. 
(Figs.  26  and  27,  Plate  YII.) 

The  genus  Clathraria  is  evidently  closely  allied  to  the  above, 
and  is  possibly  founded  on  branches  of  trees  of  the  genus  Favularia. 
It  is  a  rare  form  in  Nova  Scotia. 

*  See  also  Binney  "  On  some  Fossil  Plants  showing  Structure,  from  the  Lower 
Coal-measures  of  Lancashire,"  Quart.  Journ.  Geol.  Soc.  vol.  xviii.  p.  106. — Edit. 
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i  Of  the  genus  Leioderma  or  Asolanus  I  know  but  one  species,  inde- 
pendently of  those  specimens  of  old  trunks  of  the  ordinary  Sigillaria 

in  which  the  ribs  have  disappeared.  My  species,  ̂ ,  Sydnensis,  is 
founded  on  specimens  collected  by  Mr.  Brown  at  Sydney,  Cape 
Breton,  which  are  especially  remarkable  for  the  curious  modification 
which  they  present  of  the  Stigmarian  root.  The  specimens  described 
by  Mr.  Brown  under  the  name  of  JS.  alternans* ,  and  which  have 
been  copied  by  Geinitz  and  Goldenberg,  belong,  I  believe,  to  this 
species.     (Fig.  28,  Plate  YII.) 

On  the  genus  Syringodendron  of  Sternberg  I  have  no  observations 
to  make.  I  have  seen  only  fragments  of  stems ;  and  these  seem  to  be 
very  rare. 

I  include  under  Sigillarice  the  remarkable  fossils  known  as  Stig- 
maria,  being  fully  convinced  that  all  the  varieties  of  these  plants 
known  to  me  are  merely  roots  of  Sigillaria ;  1  have  verified  this  fact 
in  a  great  many  instances,  in  addition  to  those  so  well  described  by 
Mr.  Binney  and  Mr.  Brown.  The  different  varieties  or  species  of 
Stigmaria  are  no  doubt  characteristic  of  different  species  of  Sigillaria, 
though  in  very  few  cases  has  it  proved  possible  to  ascertain  the  va- 

rieties proper  to  the  particular  species  of  stem.  The  old  view,  that 
the  /Stigmarice  were  independent  aquatic  plants,  still  apparently 
maintained  by  Goldenberg  and  some  other  palgeobotanists,  evidently 
proceeds  from  imperfect  information.  Independently  of  their  ascer- 

tained connexion  with  Sigillaria,  the  organs  attached  to  the  branches 
are  not  leaves,  but  rootlets.  This  was  made  evident  long  ago  by  the 
microscopic  sections  published  by  Goeppert,  and  I  have  ascertained 
that  the  structure  is  quite  similar  to  that  of  the  thick  fleshy  rootlets 
of  Cycas.  The  lumps  or  tubercles  on  these  roots  have  been  mistaken 
for  fructification ;  and  the  rounded  tops  of  stumps,  truncated  by  the 
falhng  in  of  the  bark  or  the  compression  of  the  empty  shell  left  by 
the  decay  of  the  wood,  have  been  mistaken  for  the  natural  termina- 

tion of  the  stemf.  The  only  question  remaining  in  regard  to  these 
organs  is  that  of  their  precise  morphological  place.  Their  large  pith 
and  regular  areoles  render  them  unlike  true  roots;  and  hence 
Lesquereux  has  proposed  to  regard  them  as  rhizomes.  But  they  cer- 

tainly radiate  from  a  central  stem,  and  are  not  known  to  produce 
any  true  buds  or  secondary  stems.  In  short,  while  their  function  is 
that  of  roots,  they  may  be  regarded,  in  a  morphological  point  of  view, 
as  a  peculiar  sort  of  underground  branches.  They  all  ramify  very 
regularly  in  a  dichotomous  manner,  and,  as  Mr.  Brown  has  shown,  in 
some  species  at  least,  give  off  conical  tap-roots  from  their  underside. 

In  all  the  Stigmarice  exhibiting  structure  which  I  have  examined, 
the  axis  exhibits  only  scalariform  vessels.  Corda,  however,  figures  a 
species  with  wood- cells,  or  vessels  with  numerous  pores,  quite  like  those 
found  in  the  stems  of  Sigillaria  proper  ;  and,  as  Hooker  has  pointed 
out,  the  arrangement  of  the  tissues  in  Stigmaria  is  similar  to  that  in 

*  Quart.  Journ.  Geol.  Soc.  vol.  v.  p.  354  et  seq. 
t  For  examples  of  the  manner  in  which  a  natural  termination  may  be  simu- 

lated by  the  collapse  of  bark  or  by  constriction  owing  to  lateral  pressure,  see 
my  papers,  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  35,  and  vol.  vii.  p.  194. 
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Siglllaria.  After  making  due  allowance  for  differences  of  preserva- 
tion, I  have  been  able  to  recognize  eleven  species  or  forms  of  Siuj- 

maria  in  Nova  Scotia,  corresponding,  as  I  believe,  to  as  many  species 

of  Sigillaria:*.  At  the  Joggins,  Stigmarice  are  more  abundant  than 
any  other  fossil  plants.  This  arises  from  their  preservation  in  the 
numerous  fossil  soils  or  Stigmaria  underclays.  Their  bark,  and 
mineral  charcoal  derived  from  their  axes,  also  abound  throughout 
the  thickness  of  the  coal-beds,  indicating  the  continued  growth  of 

Sigillaria  in  the  accumulation  of  the  coal,     (i'igs.  83  to  87  PL  XII.) 
Our  knowledge  of  the  fructification  of  Sigillaria  is  as  yet  of  a  very 

uncertain  character.  I  am  aware  that  Goldenberg  has  assigned  to 

these  plants  leafy  strobiles  containing  spore- capsules :  but  I  do  not' think  the  evidence  which  he  adduces  conclusive  as  to  their  connexion 

with  Sigillaria ;  and  the  organs  themselves  are  so  precisely  similar  to 
the  strobiles  of  Lepidophloios,  that  I  suspect  they  must  belong  to  that 
or  some  allied  genus.  The  leaves,  also,  with  which  they  are  associated 

in  one  of  Goldenberg's  figures  seem  more  like  those  of  Lepido^pJiloios 
than  those  of  Sigillaria.  If,  however,  these  are  really  the  organs  of 
fructification  of  any  species  of  Sigillaria,  I  think  it  will  be  found  that 
we  have  included  in  this  genus,  as  in  the  old  genus  Calamites,  two  di- 

stinct groups  of  plants,  one  cr5^ptogamous,and  the  other  phgenogamous, 
or  else  that  male  strobiles  bearing  pollen  have  been  mistaken  for  spore- 
bearing  organs. 

I  cannot  pretend  that  I  have  found  the  fruit  of  Sigillaria  attached 
to  the  parent  stem ;  but  I  think  that  a  reasonable  probability  can  be 
established  that  some  at  least  of  the  fruits  included,  somewhat  vaguely, 
by  authors  under  the  names  of  Trigonocarpum  and  Rhahdocarpus 
were  really  fruits  of  Sigillaria.  These  fruits  are  excessively  abundant 
and  of  many  species,  and  they  occur  not  only  in  the  sandstones  but 
in  the  fine  shales  and  coals  and  in  the  interior  of  erect  trees,  showing 
that  they  were  produced  in  the  coal-swamps.  The  structures  of  these 
fruits  show  that  they  are  phsenogamous  and  probably  gymnospermous. 
Now  the  only  plants  known  to  us  in  the  coal-formation,  whose  struc- 

tures entitle  them  to  this  rank,  are  the  Conifers,  Sigillarice,  and  Cala- 
modendra.  All  the  others  were  in  structure  allied  to  cryptogams, 
and  the  fructification  of  most  of  them  is  known.  But  the  Conifers 

were  too  infrequent  in  the  Carboniferous  swamps  to  have  afforded 
numerous  species  of  CarpoUtes  ;  and,  as  I  shall  presently  show,  the 
Calamodendra  were  very  closely  allied  to  Sigillaria^,  if  not  members 
of  that  family.  Unless,  therefore,  these  fruits  belonged  to  Sigillaria, 
they  must  have  been  produced  by  some  other  trees  of  the  coal-swamj^s, 
which,  though  very  abundant  and  of  numerous  species,  are  as  yet  quite 
unknown  to  us.  Some  of  the  Trigonocarpa  have  been  claimed  for 
Conifers,  and  their  resemblance  to  the  fruits  of  Salishurya  gives 
countenance  to  this  claim  ;  but  the  Conifers  of  the  Coal-period  are 
much  too  few  to  afford  more  than  a  fraction  of  the  species.  One  species 

oi Bhahdocarjoushas  been  attributed  by  Geinitz  to  the  gemisJS^oeggeiYi- 
thia ;  but  the  leaves  which  he  assigns  to  it  are  very  like  those  of 
Sigillaria  elegans,  and  may  belong  to  some  allied  species.  With 

^  See  Appendix. 
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regard  to  the  mode  of  attachmeiit  of  these  fruits,  I  have  shown  that  one 

species,  T^ngonocarpum  racemosum  of  the  Devonian  strata*,  was  borne 
on  a  rhachis  in  the  manner  of  a  loose  spike,  and  I  am  convinced  that 
some  of  the  groups  of  inflorescence  named  Antholithes  are  simply  young 
Khahdocarpi  or  Trigonocarpa  borne  in  a  pinnate  manner  on  a  broad 
rhachis  and  subtended  by  a  few  scales.  Such  spikes  may  be  regarded 
as  corresponding  to  a  leaf  with  fruits  borne  on  the  edges,  in  the 
manner  of  the  female  flower  of  Cycas ;  and  I  believe  with  Goldenberg 
that  these  were  borne  in  verticils  at  intervals  on  the  stem.  In  this 

case  it  is  possible  that  the  strobiles  described  by  that  author  may  be 
male  organs  of  fructification  containing,  not  spores,  but  pollen.  In 
conclusion,  I  would  observe  that  I  would  not  doubt  the  possibility  that 
some  of  the  fruits  known  as  Cardiocarpa  may  have  belonged  to 
Sigillarioid  trees.  I  am  aware  that  some  so-called  Cardiocarpa  are 
spore-cases  of  Lepidodendron  ;  but  there  are  others  which  are  mani- 

festly winged  nutlets  aUied  to  Trigonocarpum,  and  which  must  have 
belonged  to  phsenogams.  It  would  perhaps  be  unwise  to  insist 
very  strongly  on  deductions  from  what  may  be  called  circumstan- 

tial evidence,  as  to  the  nature  of  the  fruit  of  Sigillaria ;  but  the 
indications  pointing  to  the  conclusions  above  stated  are  so  numerous 
that  I  have  much  confidence  that  they  will  be  vindicated  by  com- 

plete specimens,  should  these  be  obtained.  (Figs.  29  and  30,  PI.  YII., 
and  figs.  69  to  79,  PI.  XII.) 

All  of  the  Joggins  coals,  except  a  few  shaly  beds,  afford  unequivo- 
cal evidence  of  Stigmaria  in  their  underclajs ;  and  it  was  obviously 

the  normal  mode  of  growth  of  a  coal-bed,  that,  a  more  or  less  damp 
soil  being  provided,  a  forest  of  SigiUa7na  should  overspread  this,  and 
that  the  Stigmarian  roots,  the  trunks  of  fallen  Sigillarice,  their  leaves 
and  fruits,  and  the  smaller  plants  which  grew  in  their  shade,  should 
accumulate  in  a  bed  of  vegetable  matter  to  be  subsequently  converted 

into  coal — the  bark  of  Sigillaria  and  allied  plants  afl'ording  "  bright 
coal,"  the  wood  and  bast  tissues  mineral  charcoal,  and  the  herbaceous 

matter  and  mould  dull  coal.  The  evidence  of  this  afi'orded  by  micro- 
scopic structure  I  have  endeavoured  to  illustrate  in  a  former  paper  f. 

The  process  did  not  commence,  as  some  have  supposed,  by  the 
growth  of  Stigmaria  in  ponds  or  lakes.  It  was  indeed  precisely  the 
reverse  of  this,  the  Sigillaria  growing  in  a  soil  more  or  less  swampy 
but  not  submerged,  and  the  formation  of  coal  being  at  last  arrested 
by  submergence.  I  infer  this  from  the  circumstance  that  remains 
of  Cyprids,  Fishes,  and  other  aquatic  animals  are  rarely  found  in  the 
underclays  and  lower  parts  of  the  coal-beds,  but  very  frequently  in 
the  roofs,  while  it  is  not  unusual  to  find  mineral  charcoal  more 
abundant  in  the  lower  layers  of  the  coal.  For  the  formation  of  a 
bed  of  coal,  the  sinking  and  subsequent  burial  of  an  area  previously 
dry  seems  to  have  been  required.  There  are  a  few  cases  at  the 
Joggins  where  Calamites  and  even  Sigillarice  seem  to  have  groAvn  on 
areas  liable  to  frequent  inundation ;  but  in  these  cases  coal  did  not 
accumulate.  The  non-laminated,  slickensided  and  bleached  condition 
of  most  of  the  underclays  indicates  soils  of  considerable  permanence. 

*  "  Flora  of  the  Devonian  Period,"  Quart.  Journ.  Greol.  Soc.  vol._viii.  p.  324. 
t  "  On  the  Structures  in  Coal,"  Quart.  Journ.  Greol.  Soc.  1859. 
VOL.  XXII.   PART  T,  L 
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In  regard  to  beds  destitute  of  Stigmarian  underclays,  the  very 
few  cases  of  this  kind  apply  only  to  shaly  coals  filled  with  drifted 
leaves,  or  to  accumulations  of  vegetable  mud  capable  of  conversion 
into  impure  coal.  The  origin  of  these  beds  is  the  same  with  that  of 
the  carbonaceous  shales  and  bituminous  limestones  abeady  referred 
to.  It  will  be  observed  in  the  section  that  in  a  few  cases  such  beds 

have  become  sufiiciently  dry  to  constitute  underclays,  and  that  con- 
ditions of  this  kind  have  sometimes  alternated  with  those  favourable 

to  the  formation  of  true  coal. 

There  are  some  beds  at  the  Joggins,  holding  erect  trees  in  situ, 
which  show  that  Sigillarice  sometimes  grew  singly  or  in  scattered 
clumps,  either  alone  or  amidst  brakes  of  Calamites.  In  other  in- 

stances they  must  have  grown  close  together,  and  with  a  dense  un- 
dergrowth of  ferns  and  Cordaites,  forming  an  almost  impenetrable 

mass  of  vegetation. 
From  the  structure  of  Sigillarice  1  infer  that,  like  Cycads,  they  ac- 

cumulated large  quantities  of  starch,  to  be  expended  at  intervals  in 
more  rapid  growth,  or  in  the  production  of  abundant  fructification. 
I  adhere  to  the  belief  expressed  in  previous  papers  that  Brongniart 
is  correct  in  regarding  the  SigiUarice  as  botanically  allied  to  the 
Cycadacece,  and  I  have  recently  more  fully  satisfied  myself  on  this 
point  by  comparisons  of  their  tissues  with  those  of  Cgcas  revoluta. 
It  is  probable,  however,  that  when  better  known  they  will  be  found  to 
have  a  wider  range  of  structure  and  afiinities  than  we  now  suppose. 

There  are  some  reasons  for  believing  that  the  trees  described  by 
Corda  under  the  names  of  Di^loxylon,  Myelopithys,  and  Heterangium, 
and  also  the  Anahathra  of  Witham,  are  Sigillarice.  Much  of  the 
tissue  discribed  by  Goeppert  as  Araucarites  carhonarius  is  probably 
also  Sigillarian. 

4.  Calamodendron. — The  plants  of  this  genus  are  quite  distinct 
from  Calamites  proper.  A  Calamodendron  as  usually  seen  is  a  striated 
cast  with  frequent  cross  lines  or  joints ;  but  when  the  whole  stem  is 
preserved,  it  is  seen  that  this  cast  represents  merely  an  internal  pith- 
cylinder,  surrounded  by  a  woody  cylinder  composed  in  part  of  scalari- 
form  or  reticulated  vessels,  and  in  part  of  wood-cells  with  one  row 
of  large  pores- on  each  side..  External  to  the  wood  was  a  cellular  bark, 
and  the  outer  surface  seems  to  have  been  simply  ribbed  in  the  manner 
of  Sigillaria.  It  so  happens  that  the  internal  cast  of  the  pith  of 
Calamodendron,  which  is  really  of  the  nature  of  a  Sternbergia,  so 
closely  resembles  the  external  appearance  of  the  true  Calamites  as  to 
be  constantly  mistaken  for  them.  Most  of  these  pith-cyhnders  of 
Calamodendron  have  been  grouped  in  the  species  Calamites  approoci- 
matus ;  but  that  species,  as  understood  by  some  authors,  appears  also 
to  include  true  Calamites* y^N^Aoh,  however,  when  well  preserved,  can 
always  be  distinguished  by  the  scars  of  the  leaves  or  branchlets  which 
were  attached  to  the  nodes. 

Calamodendron  would  seem,  from  its  structure,  to  have  been  closely 
allied  to  SigiUaria,  though,  according  to  linger,  the  tissues  were  dif- 

^  See  Geinitz,  "  Steinkolilenformation  in  Sachsen." 
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ferently  arranged,   and  the  woody  cylinder  must  have  been  much 
thicker  in  proportion. 

The  tissues  of  Calamodendron  are  by  no  means  infrequent  in  the 
coal,  and  casts  of  the  pith  arc  common  in  the  sandstones ;  but  its 
foliage  and  fruit  are  unknown.     (Fig.  31,  PI.  VII.,  a  to  c.) 

5.  Calamites. — Nine  species  of  true  Calamites  have  been  recognized 
in  JSTova  Scotia,  of  which  seven  occur  at  the  Joggins,the  most  abundant 
being  C.  SucJcovii  and  O.  Cistii.  The  Calamites  grew  in  dense  brakes 
on  sandy  and  muddy  flats.  They  were  unquestionably  allied  to  Equi- 
setacece,  and  produced  at  their  nodes  either  verticillate  simple  linear 
leaves,  as  in  C.  Cistii,  or  verticillate  branchlets  with  pinnate  or  verticil- 
late  leaflets,  as  in  0.  Suckovii  and  0.  nodosus.  The  Calamites  do  not 
seem  to  have  contributed  much  to  the  growth  of  coal,  though  their 
remains  are  not  infrequent  in  it.  The  soils  in  which  they  most  fre- 

quently grew  were  apparently  too  wet  and  liable  to  inundation  and 

silting  up  to  be  favourable  to  coal-accumulation.  I  have  elsew^here 
shown  that  some  of  the  species  of  Calamites  gave  off  numerous  ad- 

ventitious roots  from  the  lower  parts  of  their  stems,  and  also  multi- 
plied by  budding  at  their  bases*. 

Of  the  genus  Equisetites  one  species  has  been  found  in  Cape  Breton; 
but  it  has  not  as  yet  been  recognized  at  the  Joggins.  (Fig.  88,  PI. 
XII.) 

6.  Asteropliyllites,  &c. — Five  s-pecies  oi  Astero2:)JiylUtes,  one  oi  An- 
nularia,  five  of  8pJieno])Jiyllum,  and  three  of  Pinnidaria,  have  been 
found  in  Nova  Scotia.  I  place  these  together  as  probably  allied 
plaijts.  The  Pinnularice  were  apparently  slender  roots,  with  thin 
epidermis,  cellular  bark,  and  a  central  axis.  The  others  were  pro- 

bably low  plants  growing  in  wet  places.  I  am  not  aware  that 
they  contributed  to  any  great  extent  to  the  accumulation  of  coal ;  but 
as  their  tissues  were  scalariform,  similar  to  those  of  ferns,  it  would 

not  be  easy  to  recognize  them.  A  beautiful  specimen  of  Spheno- 
phyllum  emarc/inatum  from  New  Brunswick,  in  the  collection  of  Sir 
W.  E.  Logan,  has  enabled  me  to  ascertain  that  its  stem  had  a  simple 
axis^of  one  bundle  of  reticulato-scalariform  vessels,  like  those  of  Tme- 
sipteris  as  figured  by  Brongniart.  These  curious  plants  were  no 
doubt  cryptogamous,  having  a  habit  of  growth  like  that  of  Equise- 
taceoi,  leaves  like  those  of  ferns  or  Marsiliacem,  and  fructification 
and  structure  like  those  of  Lycopodiaceai.  They  were  closely  allied 
to  Asteropliyllites  and  Annidaria. 

7.  Filices. — Of  the  numerous  species  of  ferns  in  the  Carboniferous 
rocks  of  Nova  Scotia,  only  a  very  few  have  been  recognized  at  the  Jog- 
gins.  This  may  in  part  be  due  to  the  soft  and  crumbling  character 
of  the  shales ;  but  after  much  examination  I  am  inclined  to  believe  that 
the  flora  of  the  Joggins  was  originally  poor  in  ferns.  While  the 
coal-field  of  Sydney,  Cape  Breton,  has  afforded  forty-six  species, 
the  Joggins  and  its  vicinity  have  as  yet  yielded  only  six  or  seven. 
Of  these  by  far  the  most  abundant  is  AletJiopteris  lonchitica,  which  ap- 

pears throughout  the  Middle  Coal-formation  under  a  great  number 
of  varietal  forms.     It  is  also  found  abundantly  at  Springhill.     At 

*  Quart.  Jourii.  Geol.  See.  vol.  x.  p.  34 l2 
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Sydney,  on  the  contrary,  Pecopteris  abhreviata  and  Alethopteris  ner- 
vosa are  the  most  common  ferns.  But  though  fronds  of  ferns  are 

comparatively  rare  at  the  Joggins,  except  in  a  few  beds,  and  these 
holding  principally  the  species  Alethopteris  lonchitica,  bundles  of 
scalariform  vessels  referable  to  ferns  occur  very  plentifully  in  the 
coarser  parts  of  the  coal-beds,  and  would  seem  to  indicate  that  vast 
quantities  of  stipes  and  fronds  have  been  resolved  into  coal.  It  is 
to  be  observed,  however,  that  it  is  not  in  all  cases  possible  to  di- 

stinguish the  vascular  bundles  of  ferns  from  those  of  the  leaves  of 
Sigillarioid  and  Lycopodiaceous  plants.     (Fig.  67,  PL  XII.) 

Trunks  of  two  species  of  tree  ferns  of  the  genus  Palceopteris  have 
been  found  in  Fova  Scotia  and  New  Brunswick,  and  also  obscure 

fragments,  probably  of  Caulopteris  and  Psaronius.  (Figs.  35  &  36, 
PI.  YIII.) 

8.  Megaphyton. — These  are  perhaps  the  most  curious  and  puzzling 
plants  of  the  coal.  Their  thick  stems,  marked  by  linear  scars  and 
having  two  rows  of  large  depressed  areoles  on  the  sides,  suggest  no 
affinities  to  any  known  plants.  They  are  usually  ranked  with  Lepi- 
dodendron  and  Ulodendron,  but  sometimes,  and  probably  with 
greater  reason,  are  regarded  as  allied  to  tree  ferns.  At  the  Joggins 
a  very  fine  species  {M.  magnificum)  has  been  found,  and  at  Sydney  a 
smaller  species  {M.  humile)  ;  but  both  are  rare  and  not  well  preserved. 
If  the  large  scars  supported  cones  and  the  smaller  leaves,  then,  as 
Brongniart  remarks,  the  plant  would  much  resemble  Lepidopliloios,  in 
which  the  cone-scars  are  thus  sometimes  distichous.  But  the  scars 
are  not  round  and  marked  with  radiating  scales  as  in  Lepidophloios ; 
they  are  reniform  or  oval,  and  resemble  those  of  tree  ferns,  for 

which  reason  they  may  be  regarded  as  more  probably  leaf-scars* ; 
and  in  that  case  the  smaller  linear  scars  would  indicate  ramenta,  or 
small  aerial  roots.  Further,  the  plant  described  by  Corda  as  Zippea 
disticha  is  evidently  a  Megaphyton,  and  the  structure  of  that  species 
is  plainly  that  of  a  tree  fern  of  somewhat  peculiar  type.  On  these 
grounds  I  incline  to  the  opinion  of  Geinitz,  that  these  curious  trees 
were  allied  to  ferns,  and  bore  two  rows  of  large  fronds,  the  trunks 
being  covered  with  coarse  hairs  or  small  aerial  roots.  At  one  time 
I  was  disposed  to  suspect  that  they  may  have  crept  along  the  ground ; 
but  a  specimen  from  Sydney  shows  the  leaf- stalks  proceeding  from 
the  stem  at  an  angle  so  acute  that  the  stem  must,  I  think,  have  been 
erect.  Prom  the  appearance  of  the  scars  it  is  probable  that  only  a 
pair  of  fronds  were  borne  at  one  time  at  the  top  of  the  stem ;  and  if 
these  were  broad  and  spreading,  it  would  be  a  very  graceful  plant. 
To  what  extent  plants  of  this  type  contributed  to  the  accumulation 
of  coal  I  have  no  means  of  ascertaining,  their  tissues  in  the  state 

of  coal  not  being  distinguishable  from  those  of  ferns  and  Ljco- 
podiacea?. 

.  The  species  Megaphyton  humile  had,  like  Corda's  Zippea  disticha, 
a  thick  central  axis  striated  longitudinally,  and  giving  off  very  thick 
bundles  of  fibres,  and  probably  scalariform  vessels,  to  the  bases  of 
the  leaves.     (Pigs.  33  &  34,  PI.  YIII.) 

*  This  is  the  Tiew  of  Lindley,  *  Fossil  Flora,'  p.  116. 
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9.  Lepidodendron. — Of  this  genus  nineteen  species  have  been  re- 
corded as  occurring  in  the  Carboniferous  rocks  of  Nova  Scotia.  Of 

these,  six  occur  at  the  Joggins,  where  specimens  of  this  genus  are  very- 
much  less  abundant  than  those  of  Sigillaria.  In  the  newer  Coal- 
formation  Lepidodendra  are  particularly  rare,  and  L.  undidatum  is 
the  most  common  species.  In  the  Middle  Coal-formation  L.  rimo- 
sum,  L.  dichotomum,  L.  elegans,  and  L.  Pictoense  are  probably  the 
most  common  species ;  and  L.  corrugatum  is  the  characteristic  Lepi- 
dodeQidron  of  the  Lower  Carboniferous,  in  which  plants  of  this  species 
seem  to  be  more  abundant  than  any  other  vegetable  remains  whatever. 

To  the  natural  history  of  this  well-known  genus  I  have  little  to 
add,  except  in  relation  to  the  changes  which  take  place  in  its  trunk 
in  the  process  of  growth,  and  the  study  of  which  is  important  in 
order  to  prevent  the  undue  multiplication  of  species.  These  are  of 
three  kinds.  In  some  species  the  areoles,  at  first  close  together, 
become,  in  the  process  of  the  expansion  of  the  stem,  separated  by  in- 

tervening spaces  of  bark  in  a  perfectly  regular  manner ;  so  that  in 
old  stems,  while  widely  separated,  they  still  retain  their  arrange- 

ment, while  in  young  stems  they  are  quite  close  to  one  another. 
This  is  the  case  in  L.  corrugatum  (PI.  XI.).  In  other  species  the 
leaf-scars  or  areoles  increase  in  size  in  the  old  stems,  still  retaining 
their  forms  and  their  contiguity  to  each  other.  This  is  the  case  in 
L.  undidatum,  and  generally  in  those  Lepidodendra  which  have  very 
large  areoles.  In  these  species  the  continued  vitality  of  the  bark  is 
shown  by  the  occasional  production  of  lateral  strobiles  on  large 
branches,  in  the  manner  of  the  modern  Eed  Pine  of  America.  In 
other  species  the  areoles  neither  increase  in  size  nor  become  regularly 
separated  by  growth  of  the  intervening  bark ;  but  in  old  stems  the 
bark  splits  into  deep  furrows,  between  which  may  be  seen  portions 
of  bark  still  retaining  the  areoles  in  their  original  dimensions  and 
arrangement.  This  is  the  case  with  L.  Pictoense.  This  cracking  of 
the  bark  no  doubt  occurs  in  very  old  trunks  of  the  first  two  types, 
but  not  at  all  to  the  same  extent.  I  figure  three  examples  of  these 
peculiarities  in  mode  of  growth  : — 

Lepidodendron  corrugatum,  Dawson. — I  quote  in  the  Appendix 
my  description  of  this  species,  and  may  refer  to  the  figures  in  Plate 
XL  for  further  illustration.  I  do  not  know  any  other  species  in 
Nova  Scotia  which  has  the  same  habit  of  growth ;  but  L.  ocidatmn 
and  L.  distans  of  Lesquereux  show  a  tendency  to  it.  The  present 
species  is  exclusively  Lower  Carboniferous,  and  occurs  on  that 
horizon  in  ISTew  Brunswick,  in  Pennsylvania,  and,  I  believe,  also  in 
Ohio ;  though  the  beds  holding  it  in  the  latter  State  have  been  by 
some  regarded  as  Devonian. 

L.  undidatum,  Sternberg. — I  think  it  not  improbable  that  several 
closely  alhed  species  are  included  under  this  name.  On  the  other 

hand,  all  the  large-areoled  Lepidodendra  figured  in  the  books  must 
have  branches  with  small  scars,  which,  in  the  present  state  of  know- 

ledge, it  is  impossible  to  identify  with  this  species.  I  suppose  that  L. 
elegans  resembles  the  present  species  in  its  mode  of  growth,  at  least 
if  the  large-scarred  specimens  attributed  to  it  are  really  of  the  same 
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species.    L.  dichotomum  (=L.  Sternbergii)  also  resembles  it  to  some 
extent.     (Fig.  41,  PL  IX.) 

L.  Pictoense,  Dawson. — This  species  I  described  as  follows,  from 

young  stems,  in  my  "Synopsis  of  the  Coal-Plants  of  N'ova  Scotia:" — 
"Areoles  contiguous,  prominent,  separated  in  young  stems  by  a 
narrow  line,  long-oval,  acuminate ;  breadth  to  length  as  1  to  3  or 
less ;  lower  half  obliquely  wrinkled,  especially  at  one  side.  Middle 
line  indistinct.  Leaf-scar  at  upper  end  of  areole,  small,  triangular, 
with  traces  of  three  vascular  points,  neai'ly  confluent.  Length  of 
areole  about  0-5  inch." 

Additional  specimens  from  Sydney  show  that  in  old  trunks  of  this 
species  the  areoles  do  not  enlarge,  but  the  bark  becomes  split  into 
strips.  I  have  reason  to  think  that  a  new  species  from  Nova  Scotia 
which  I  have  described  in  the  A^i^endix,  L.  iJersoncUum,  agrees  with 
it  in  this  respect.    (Pigs.  37,  38,  and  39,  PI.  IX.) 

The  Lejndodendra  resemble  each  other  too  closely  to  admit  of  good 
subgeneric  distinction.  The  grounds  on  which  the  distinction  of 

Sagenaria  and  Aspidiaria  is  founded  are  quite  worthless,  the  ap- 
parent position  of  the  vascular  scars  in  the  areoles  depending  on 

accidents  of  preservation  much  more  than  on  original  differences. 
The  genus  Knorria  includes  many  peculiar  conditions  of  decorticated 
Le;pidodendra. 

In  regard  to  the  accumulation  of  coal,  Lepidodendra,  when  pre- 
sent, appear  under  the  same  conditions  with  Sigillarice,  the  outer 

bark  being  converted  into  shining  coal,  and  the  scalariform  axis 
appearing  as  mineral  charcoal  of  a  more  loose  and  powdery  quality 
than  that  derived  from  Sigillaria.  On  the  planes  of  lamination  of 
the  coal  the  furrowed  bark  of  old  trunks  can  scarcely  be  dis- 

tinguished from  that  of  old  jSigillaricB. 
10.  Lepidojjhioios. — Under  this  generic  name,  established  by  Stern- 

berg, I  propose  to  include  those  Lycopodiaceous  trees  of  the  Coal- 
measures  which  have  thick  branches,  transversely  elongated  leaf- 
scars,  each  with  three  vascular  points  and  placed  on  elevated  or 
scale-like  protuberances,  long  one-nerved  leaves,  and  large  lateral 
strobiles  in  vertical  rows  or  spirally  disposed.  Their  structure 
resembles  that  of  Lepidodendron,  consisting  of  a  Sternhergia  pith,  a 
slender  axis  of  large  scalariform  vessels,  giving  off  from  its  surface 
bundles  of  smaller  vessels  to  the  leaves,  a  very  thick  cellular  bark, 
and  a  thin  dense  outer  bark,  having  some  elongated  cells  or  bast 
tissue  on  its  inner  side. 

Eegarding  L.  laricinmn  of  Sternberg  as  the  type  of  the  genus,  and 
taking  in  connexion  with  this  the  species  described  by  Goldenberg, 

and  my  own  observations  on  numerous  specimens  found  in  N^ova 
Scotia,  I  have  no  doubt  that  LomatopJdoios  crassiccndis  of  Corda,  and 
other  species  of  that  genus  described  by  Goldenberg,  Uhdendron 
and  Botlirodendron  of  Lindley,  Lejyidodendron  ornatmimmn  of  Brong- 
niart,  and  Halonia  punctata  of  Geinit^r  all  belong  to  this  genus,  and 
differ  from  each  other  only  in  conditions  of  growth  and  preservation . 

Several  of  the  species  of  Lepidostrohus  ,and  LepidopJiyllum  '  also 
belong  to  Lepidophhios. 
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The  species  of  LepidopMoios  are  readily  distinguished  from  Lepi- 
dodendron  by  the  form  of  the  areoles,  and  by  the  round  scars  on  the 
stem,  which  usually  mark  the  insertion  of  the  strobiles,  though  in 
barren  stems  they  may  also  have  produced  branches ;  still  the  fact  of 
my  finding  the  strobiles  in  situ  in  one  instance,  the  accurate  resem- 

blance which  the  scars  bear  to  those  left  by  the  cones  of  the  Red  Pine 
when  borne  on  thick  branches,  and  the  actual  impressions  of  the 
radiating  scales  in  some  specimens,  leave  no  doubt  in  my  mind  that 
they  are  usually  the  marks  of  cones  ;  and  the  great  size  of  the  cones 
of  Lepidopliloios  accords  with  this  conclusion. 

The  species  of  LepidopMoios  are  numerous,  and  individuals  arc 
quite  abundant  in  the  Coal-formation,  especially  toward  its  upper 
part.  Their  flattened  bark  is  frequent  in  the  coal-beds  and  their 
roofs,  affording  a  thin  layer  of  pure  coal,  which  sometimes  shows  the 
peculiar  laminated  or  scaly  character  of  the  bark  when  other  charac- 

ters are  almost  entirely  obliterated.  The  leaves  also  are  nearly  as 
abundant  as  those  of  SigUlaria  in  the  coal-shales.  They  can  readily 
be  distinguished  by  their  strong  angular  midrib. 

I  figure,  in  illustration  of  the  genus,  all  the  parts  known  to  mo  of' 
L.  Acadianus,  and  characteristic  specimens  of  other  species.     One  of 
these,  L. parvus,  is  characteristic  of  the  Upper  Coal-formation.    (  Vide 
Plate  X.  &  Plate  XI.  fig.  51.) 

11.  Cordaites  or  Pijchnophyllum. — This  plant  is  represented  in  the 
Coal-formation  chiefly  by  its  broad  striated  leaves,  which  are 
extremely  abundant  in  the  coal  and  its  associated  shales.  Some 
thin  coals  are  indeed  almost  entirely  composed  of  them.  The  most 
common  species  is  O.  horassi folia,  a  plant  which  Corda  has  shown  to 
have  a  simple  stem  with  a  slender  axis  of  scalariform  vessels  resem- 

bling that  of  Lepidophloios ;  for  this  reason,  notwithstanding  the 
broad  and  parallel-veined  leaves,  I  regard  this  genus  as  belonging 
to  Lycopodiacece  or  some  allied  family.  It  must  have  been  extremely 
abundant  in  the  Carboniferous  swamps  ;  and,  from  the  frequency  of 
its  being  covered  with  Spirorlis,  I  think  it  must  either  have  been  of 
more  aquatic  habit  than  most  of  the  other  plants  of  the  Coal-forma- 

tion, or  that  its  leaves  must  have  been  very  durable.  While  the 
leaves  are  abundant,  the  stems  are  very  rare.  I  infer  that  they  were 
usually  low  and  succulent.  Much  of  the  tissue  found  in  the  coal, 

which  I  have  called  "epidermal,"  probably  belongs  to  leaves  of Cordaites. 

In  the  Upper  Coal-formation  there  is  a  second  species,  distinguished 
by  its  simple  and  uniform  venation.  This  I  have  named  G.  sim- 

plex. 
12.  Sporangites. — To  avoid  the  confusion  which  envelopes  the  clas- 

sification of  Carpolites,  I  have  used  the  above  name  for  rounded  spore- 
cases  of  Lepidodendron  and  allied  plants,  which  are  very  frequent 
in  the  coal.  A  smooth  round  species  like  a  mustard- seed,  is  exces- 

sively abundant  in  the  Lower  Carboniferous  at  Horton,  and  probably 
belongs  to  Lejndodendron  corrugatum,  with  which  it  is  associated. 
A  species  covered  with  papillee,  S.  papiUata,  constitutes  nearly  the 
whole  of  some  layers  in  coal  12,  group  xix,  of  the  preceding  Section. 
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I  have  no  indication  as  to  the  plant  to  which  it  may  belong,  except 

that  it  is  associated  with  Cordaites.     (Figs.  80  &  81,  PI.  XII.)* 
13.  Tissues  in  the  Mineral  Charcoal. — On  these  I  have  little  to  add 

to  the  statements  in  my  paper  of  1859,  "  On  the  Yegetable  Structures 
in  CoaP't.     These  tissues  may  he  arranged  as  follows  : — 

a.  Bast  tissue,  or  elongated  cells  from  the  liber  or  inner  hark  of 
Sigillarise  and  Lepidodendron,  hut  especially  of  the  former. — This 
kind  of  tissue  is  abundant  in  a  calcified  state  in  the  shales  associated 
with  the  coals,  and  also  as  mineral  charcoal  in  the  coals  themselves, 
and  in  the  interior  of  erect  Sigillarice.  It  is  the  kind  of  tissue 
figured  by  Brongniart  as  the  inner  layer  of  bark  in  Sigillaria 
elegans,  and  very  well  described  by  Binney  (Quart.  Journ.  Geol.  Soc. 

vol.  xviii.)  as  "  elongated  tissue  or  utricles."  Under  the  microscope 
many  specimens  of  it  closely  resemble  the  imperfect  bast  tissue  of 
the  inner  bark  of  Pinus  strohus  and  Thuja  occidentalis ;  and  like  this 
it  seems  to  have  been  at  once  tough  and  durable,  remaining  in 
fibrous  strips  after  the  woody  tissues  had  decayed.  It  is  extremely 
abundant  at  the  Joggins  in  the  mineral  charcoal  of  the  smaller 
coal-seams.  It  is  often  associated  with  films  of  structureless  coal, 
which  represent  the  dense  cellular  outer  bark  which,  in  the  trunk 
of  SigiUaria,  not  only  surrounded  this  tissue,  but  was  intermixed  with 
it.     (Pig.  Q2,  PL  XII.) 

b.  Vascular  hundles  of  Ferns. — These  may  be  noticed  by  all  close 
observers  of  the  surfaces  of  coal,  as  slender  hair-like  fibres,  some- 

times-lying separately,  in  other  cases  grouped  in  bands  half  an  inch  or 
more  in  diameter,  and  imbedded  in  a  loose  sort  of  mineral  charcoal. 
When  treated  with  nitric  acid,  each  bundle  resolves  itself  into  a  few 
scalariform  vessels  surrounded  with  a  sheath  of  woody  fibres,  often 
minutely  porous.  This  structure  is  precisely  that  of  macerated  fern- 
stipes  ;  but,  as  already  stated,  there  may  have  been  some  other  coal- 
plants  whose  leaves  presented  similar  bundles.  As  stated  in  my  for- 

mer paper  "  On  the  Vegetable  Structures  in  Coal,"  this  kind  of  tissue 
is  especially  abundant  in  the  coarse  and  laminated  portions  of  the 
coal,  which  we  know  on  other  evidence  to  have  been  made  up,  not 
of  trunks  of  trees,  but  of  mixed  herbaceous  matters.  (PL  XII. 
fig.  67.) 

c.  Scalariform  vessels.^— T\iq^q  are  very  abundant  in  the  mineral 
charcoal,  though  the  coarser  kinds  have  been  crushed  and  broken  in 
such  a  manner  that  they  usually  appear  as  mere  debris.  The  sca- 

lariform vessels  of  Lepidodendron,  Lepidophloios,  and  Stigmaria  are 
very  coarse  and  much  resemble  each  other.  Those  of  ferns  are 
finer,  and  sometimes  have  a  reticulated  structure.  Those  of  Sigil- 
laria  are  much  fiuer  and  often  have  the  aspect  of  wood-cells  with 
transversely  elongated  pores  like  those  of  Cycas.  Good  examples  of 
these  are  figured  in  the  paper  already  referred  to.  (See  also  Plate 
XI.  figs.  54,  &c.) 

d.  Discigerous  luood-cells. — These  are  the   true  bordered   pons 

*  It  much  resembles  the  spore-cases  of  Fhmingites gracilis,  as  figured  by  Car- 
rulhers,  '  Gcol.  Mag.'  vol.  ii.     I  suppose  this  to  be  a  strobile  of  Lejpidophloio?. 

t  Quart.  Journ.  Geol.  Soc.  Tebruary  18G0. 



1865.]  DAWSON— COAL-FOEMATION.  141 

cliaracteristic  of  BigiUaria,  Calamodendron,  and  Dadoxylon.  In  the 
two  former  genera  the  disks  or  pores  are  large  and  irregularly  ar- 

ranged, either  in  one  row  or  several  rows.  In  the  latter  case  they 
are  sometimes  regularly  alternate  and  contiguous.  In  the  genus 
Dadoxylon  they  are  of  smaller  size  and  always  regularly  contiguous 
in  two  or  more  rows,  so  as  to  present  an  hexagonal  areolation.  Dis- 
cigerous  structures  of  /Sigillaria  and  Ccdamodendron  are  very  abun- 

dant in  the  coal,  and  numerous  examples  were  figured  in  my  former 
paper.  I  have  indicated  by  the  name  lleticidated  Tissue  certain 
cells  or  vessels  which  may  either  be  reticulated  scalariform  vessels, 

or  an  imperfect  form  of  discigerous  tissue.  I  believe  them  to  belong- 
to  Stigmaria  or  Ccdamodendron.     (Figs.  57  &  68,  PI.  XII.) 

e.  'kpideronal  tissue. — This  is  a  dense  cellular  tissue  representing the  outer  integuments  of  various  leaves,  herbaceous  stems,  and  fruits. 
I  have  ascertained  that  the  structures  in  question  occur  in  the  leaves 
and  stipes  of  Cordaites  and  ferns,  and  in  the  outer  coat  of  Carpolites 

and  Sporangites.  With  this  I  may  include  the  obscure  and  thick- 
walled  cellular  tissue  of  the  outer  bark  of  Sigillaria  and  Lepidoden- 
dron  and  other  trees,  which,  though  usually  consolidated  into  com- 

pact coal,  sometimes  exhibits  its  structure. 
I  would  here  emphatically  state  that  all  my  observations  at  the 

Joggins  confirm  the  conclusion,  which  I  arrived  at  many  years  ago 
from  the  study  of  the  coals  of  Pictou  and  Sydney,  that  the  layers 
of  clear  shining  coal  (pitch  or  cherry  coal)  are  composed  of  flattened 
trunks  of  trees,  and  that  of  these  usually  the  bark  alone  remains ; 
further  that  the  lamination  of  the  coal  is  due  to  the  superposition  of 
layers  of  such  flattened  trunks  alternating  with  the  accumidations  of 
vegetable  matter  of  successive  years,  and  occasionally  with  fine  vege- 

table muck  or  mud  spread  over  the  surface  by  rains  or  by  inundations. 
In  connexion  with  this,  it  is  to  be  observed  that  the  density  and  im- 

permeability of  cortical  tissues  not  only  enable  them  to  endure  after 
wood  has  perished  or  been  resolved  into  bits  of  charcoal,  but  render 
them  less  liable  than  the  wood  to  mineral  infiltration. 

14.  Bate  of  Groivth  of  Carboniferous  Plants. — Yery  vague  state- 
ments are  often  made  as  to  the  supposed  rapid  rate  of  growth  of  plants 

in  the  Carboniferous  period.  Perhaps  the  most  trustworthy  facts  in 
relation  to  this  subject  are  those  which  may  be  obtained  from  the 
coniferous  trees.  In  some  of  these  (for  instance,  Dadoxylon  materi- 
arium,  D.  annulatum,  and  D.  antiqidus)  the  rings  of  growth,  which 
were  no  doubt  annual,  are  distinctly  marked.  On  measuring  these 
in  a  number  of  specimens,  and  comparing  them  with  modern  species, 
I  find  that  they  are  about  equal  in  dimensions  to  those  of  the 

Balsam-Fir  or  the  Yellow  Pine  of  America.  Assuming,  there- 
fore, similarity  in  habit  of  growth  and  extent  of  foliage  to  these 

species,  we  may  infer  that,  in  regard  to  coniferous  trees,  the 
ordinary  conditions  of  growth  were  not  dissimilar  from  those  of 
Eastern  America  in  its  temperate  regions  at  present.  When,  how- 

ever, we  compare  the  ferns  and  Zycojwdiacece  of  the  Coal- formation 
with  those  now  growing  in  Eastern  America,  we  see,  in  the  much 
greater  dimensions  and  luxuriance  of  the  former,  evidence  of  a  much 
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more  moist  and  equable  climate  than  that  which  now  subsists; 
so  that  we  may  suppose  the  growth  of  such  plants  to  have  been 
more  rapid  than  it  is  at  present.  These  plants  would  thus  lead  us 
to  infer  a  warm  and  insular  climate,  perhaps  influenced  by  that  sup- 

posed excess  of  carbonic  acid  in  the  atmosphere,  which,  as  TyndaU 

and  Hunt  inform  us,  would  promote  warmth  and  moistui^e  by  im- 
peding terrestrial  radiation.  With  this  would  also  agree  the  fact 

that  the  Conifers  have  woody  tissues  resembling  those  of  the  pine 
trees  of  the  milder  climates  of  the  southern  hemisphere  at  present. 

If  we  apply  these  considerations  to  Sir/illaria,  we  may  infer  that 
the  conditions  of  moisture  and  uniformity  of  temperature  favourable 
to  ferns  and  Lycajpodiacece  were  also  favourable  to  these  curious 
plants.  They  must  have  been  perennial ;  and  the  resemblance  of  their 
trunks  to  those  of  Cycads,  together  with  their  hard  and  narrow 
leaves,  would  lead  us  to  infer  that  their  growth  must  have  been  very 
slow.  A  similar  inference  may  be  drawn  from  the  evidences  of  very 
slow  and  regular  expansion  presented  by  the  lower  parts  of  their 
stems.  On  the  other  haud^  the  distance,  of  a  foot  or  more,  which 

often  intervenes  between  the  transverse  rows  of  scars,  marking  pro- 
bably annual  fructification,  would  indicate  a  more  rapid  rate  of 

growth.  Further,  it  may  be  inferred,  from  the  structui^e  of  their 
roots  and  of  their  thick  inner  bark,  that  these,  as  in  Cycads,  were  re- 

ceptacles for  great  quantities  of  starch,  and  that  the  lives  of  these 
plants  presented  alternations  of  starch-accumulation  and  of  expen- 
ditui'e  of  this  in  the  production  of  leaves,  wood,  and  abimdant  inflo- 

rescence. They  would  thus,  perhaps  for  several  years,  grow  veiy 
slowly,  and  then  put  forth  a  great  mass  of  fructification,  after  which 

perhaps  many  of  the  individuals  would  die,  or  again  remain  for  a  long- 
time in  an  inactive  state.  This  view  would,  I  think,  very  well  har- 

monize mth  the  structure  of  these  plants,  and  also  with  the  mode  of 
their  entombment  in  the  coal. 

Erom  the  manner  of  the  association  of  Calamites  with  erect  Sigil- 
larice,  I  infer  that  the  former  were,  of  all  the  plants  of  the  Coal-for- 

mation, those  of  most  rapid  dissemination  and  growth.  They  appear 
to  have  first  taken  possession  of  emerging  banks  of  sand  and  mud, 
to  have  promoted  the  accumulation  of  sediment  on  inimdated 
areas,  and  to  have  protected  the  exposed  margins  of  the  forests  of 
Sic/illarice. 

In  applying  any  conclusions  as  to  the  rate  of  growth  of  Carboni- 
ferous plants  to  the  accumulation  of  coal,  we  must  take  into  account 

the  probable  rate  of  decay  of  vegetable  matter.  When  we  consider 
the  probable  wetness  of  the  soils  on  which  the  plants  which  pro- 

duced the  coal  grew,  the  density  of  the  forests,  and  the  possible 
excess  of  carbonic  acid  in  the  atmosphere  of  these  swamps,  we  must 
be  prepared  to  admit  that,  notwithstanding  the  warmth  and  humidity, 
the  conditions  must  have  been  favourable  to  the  preservation  of  ve- 

getable matter.  Still  the  hollow  cylinders  of  bark,  the  little  frag- 
ments of  decayed  wood  in  the  form  of  mineral  charcoal,  and  the 

detached  vascular  bundles  of  ferns,  testify  to  an  enormous  amount  of 
decay,  and  show  that,  however  great  the  accumulation  of  coal,  it 
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represents  only  a  fraction  of  the  vegetable  matter  which  was  actually- 
produced.  It  has  been  estimated  that  it  would  require  eight  feet  of 

compact  vegetable  matter  to  produce  one  foot  of  coal*;  but  if  we 
reckon  the  whole  vegetable  matter  actually  produced  in  the  process, 
I  should  suppose  that  five  times  that  amount  would  be  far  below 
the  truth,  even  in  the  most  favourable  cases ;  while  there  is  evidence 
that  in  the  Carboniferous  period  many  forests  may  have  flourished  for 
centuries  without  producing  an  inch  of  coaly  matter. 

15.  Bivalve  Shells. — All  the  Lamellibraiichiate  shells,  which  are 
so  numerous  in  some  of  the  shales  and  bituminous  limestones  of  the 

Joggins  that  some  of  the  beds  may  be  regarded  as  composed  of 
them,  belong  to  one  generic  or  family  group.  They  are  the  so- 
called  Modiolas,  Unios,  or  Anodons  of  authors.  I  proposed  for  them 
some  years  ago  the  generic  name  of  Naiadltes,  and  described  six 
species  from  the  Coal-measures  of  Nova  Scotia,  stating  my  belief 
that  they  are  allied  to  UnioJiicla',  and  that  their  nearest  analogue  may 

be  the  genus  Bysso-anodonta  of  D'Orbigny,  found  in  the  Kiver  Pa- 
panaf.  Mr.  Salter,  however,  to  whom  I  sent  specimens,  regards 
these  shells  as  belonging  to  his  new  genera  Antliracomya  and  Antlira- 
coptera,  the  former  being  supposed  to  be  allied  to  MyadceX-  More 
recently  Giimbel  and  Geinitz  have  described  similar  shells  from 
Thuringia  as  belonging  to  the  genera  Unio  and  Anodon,  and  regard 
my  Naiadltes  carhonariiis  {Antliracoptera  carhonaria  of  Salter)  as  a 
Bre{ssena§.  As  these  shells  swarmed  in  the  waters  of  the  Coal-for- 

mation estuaries  or  lagoons,  facts  tending  to  the  elucidation  of  their 
habits  and  affinities  are  important  with  reference  to  the  coal ;  I  would 
therefore  make  the  following  remarks  in  relation  to  them : — • 

(1)  Under  the  microscope,  the  shells  of  the  thicker  species,  asiV«m- 
dites  carhonarlus,  present  an  internal  lamellar  and  subnacreous  layer, 
a  thin  layer  of  vertical  prismatic  shell,  and  an  epidermis — these 
structures  being  entirely  similar  to  those  of  UnionidcK.  In  the 
thinner  species,  as  in  N.  Icevis,  only  the  prismatic  coat  appears,  and 
in  this  the  prisms  are  in  some  instances  placed  obliquely.  These 
thin  sheRs,  however,  show  evidence  of  an  epidermis.  (2)  The 
ligament  was  external,  there  seem  to  have  been  no  teeth,  the  shell 
was  closed  posteriorly  ;  but  there  are  indications  of  a  byssal  sinus. 
Mr.  Salter  describes  the  epidermis  as  wrinkled  posteriorly  ;  but  this, 
with  the  exception  of  the  rings  of  growth,  appears  to  me  to  result 
from  pressure.  The  shells  are  equivalve,  and  have  the  external 
aspect  of  Unionidce  or  Ilytilidce.  (3)  I  know  of  no  instance  in 
Fova  Scotia  of  the  occurrence  of  these  shells  in  the  strictly  marine 
limestones,  nor  have  any  properly  marine  forms  of  MoUusca  been 
found  with  JSfaiadites  in  the  Coal-measures.  (4)  The  mode  of  their 
occurrence  precludes  the  idea  that  they  were  burrowers,  but  favours 
the  belief  that  they  were  attached  by  a  byssus  to  sunken  or  floating 
timber.     On  the  whole  I  think  that  the  balance  of  probability  is  in 

^  Dana's  Mnniial,  p.  367. 
t  Supplement  to  Acadian  Geology,  1860. 
I  Quart.  Journ.  Geol.  Soc.  vol.  xix.  p.  79. 
§  Neues  Ja,hrbat;h,  1864.     Geological  Magazine,  May  1865. 
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favour  of  the  conclusion  that  they  were  brackish-water  or  fresh- 
water shells,  allied  to  Mytilidce  or  to  embryonic  Unionidce. 

16.  JSpirorhis  carhonarius. — This  little  sheU,  which  I  described  as 
a  S^irorhis  as  long  ago  as  1845*,  is  apparently  not  specifically  distinct 
from  Microconchus  carhonarius  of  the  British  coal-fields.  Its  micro- 

scopic structure^is  identical  with  that  of  modern  Sjpirorhes,  and  shows 
that  it  is  a  true  worm-shell.  It  is  found  throughout  the  Coal- 
formation,  attached  to  plants  and  to  shells  of  Naiadites,  and  must 
have  been  an  inhabitant  of  enclosed  lagoons  and  estuaries.  Its 
occurrence  on  Sigillarice  has  been  used  as  an  argument  in  favour  of 
the  opinion  that  these  trees  grew  in  sea- water ;  but,  unfortunately 
for  that  conclusion,  the  Sjnroo^bis  is  often  found  on  the  inside  of  Sigil- 
Zfxrm-bark,  showing  that  this  had  become  dead  and  hollow.  Beside 
this,  the  same  kind  of  evidence  would  prove  that  Lepidodendra,  Cor- 
daites,  and  Ferns  were  marine  plants.  Spirorles  multiply  fast  and 
grow  very  rapidly ;  and  these  little  shells  no  doubt  took  immediate 
possession  of  submerged  vegetation,  just  as  their  modern  allies  cover 
fronds  of  Laminaria  and  Fucus. 

As  I  have  not  met  with  a  description  of  this  little  shell,  I  may 
state  that  it  is  dextral,  with  2|  to  3  turns.  It  is  attached  through- 

out its  length,  and  when  not  compressed  presents  a  somewhat  deep 
umbilicus.  It  is  closely  marked  with  beaded  or  unequal  transverse 
ridges.  It  has  when  young  a  close  resemblance  to  Sp.  caperatus, 
M!'Coy,  from  the  Carboniferous  Limestone  of  Ireland ;  but  this  species 
has  only  two  turns,  and  is  sinistral. 

17.  Crustacea. — It  appears  in  the  table  above  that  as  many  as  four- 
teen beds  of  coal  exhibit  in  their  roofs  shells  of  minute  Entomostraca 

of  the  genera  Cythere  and  Bairdia ;  and  these  occur  in  such  quan- 
tities that  considerable  beds  of  shale  and  bituminous  limestone  are 

filled  with  their  valves.  Professor  Jones  regards  the  species  as 
marine  or  brackish-water ;  and  the  same  remark  will,  I  presume, 
apply  to  the  crustacean  Biplostylus  Dawsoni,  and  a  fragment  of 
Eurypierus  described  by  Mr.  Salter  from  Coal  no.  8  of  Division  4 
of  the  Section.  Of  the  small  Entomostracans  there  are  several 

species,  which  Professor  Jones  has  now  in  his  hands  for  determina- 
tion. No  Estherians  have  yet  been  found  in  the  Coal-formation  of 

Nova  Scotia  ;  but  I  have  specimens  of  Leaia  Leidyi  from  the  Lower 
Carboniferous  of  Plaister  Cove,  and  an  undetermined  Estheria  from 
the  same  horizon  at  Horton  Bluif. 

It  is  to  be  observed  that  Naiadites,  Spirorbis,  and  Cythere  con- 
stantly occur  associated  in  the  same  beds  ;  and  the  conclusions  as  to 

habitat  applicable  to  any  one  of  these  genera  must  apply  to  all. 
18.  Fishes. — Remains  of  fishes  occur  in  connexion  with  eighteen 

of  the  coal-beds  at  the  Joggins,  usually  in  the  roof-shales,  though 
detached  scales,  teeth,  spines,  or  coprolites  are  of  occasional  though 
rare  occurrence  in  the  coal  itself,  especially  where  the  latter  passes 
into  coarse  coal  or  carbonaceous  shale.  One  thin  bed,  no.  6  of 
Division  4  of  the  Section,  is  full  of  remains  of  small  fishes.  It  is 
hard  and  laminated,  and  roofed  with  a  calcareous  bed  full  of  remains 

•'^  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  326. 
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of  aquatic  animals.  It  has  a  true  Stigmarian  underclay.  I  suppose 
it  to  have  been  a  swamp  or  forest  submerged  and  occupied  by  fishes 
while  its  vegetation  was  still  standing.  It  contains  remains  of  fishes 
of  the  genera  Ctenoptychius,  Diplodus,  Rhizodus,  and  Palceoniscus. 
It  also  contains  Cy there,  Naiadites,  and  Spirorhis.  In  the  other 
beds  which  contain  fish-remains,  most  of  these  consist  of  small  Lepi- 
doganoids,  but  there  are  occasional  teeth  and  scales  of  large  species 
of  Rhizodus,  and  also  teeth  and  scales  of  Selachian  fishes  of  consider- 

able size. 
19.  Land-animals. — The  Coal-formation  of  I^Tova  Scotia  has  afforded 

the  remains  of  eight  species  of  Keptiles  or  Batrachians,  belonging  to 

ihegQTiQiY2iHylonornus,Baphetes,Dendrerpeton,Hylerpeton,  smdEosau- 
rus  ;  of  one  Myriapod,  Xylohius  sigillarice ;  of  one  land  snail,  Pujm 
vetusta  ;  and  of  one  insect.  All  of  these,  except  one  of  the  reptiles, 
have  been  found  at  the  Joggins.  I  have  nothing  in  regard  to  them 

to  add  to  what  I  have  already  published  in  my  Memoir  on  '  Air- 
breathers  of  the  Coal  Period.' 

Y.  Appendix. 

Descriptive  List  of  Carboniferous  Plants  found  in  Nova  Scotia  and 
New  BrunsivicJi'. 

[Abridged  and  corrected  from  "  Synopsis  of  the  Carboniferous  Flora  of  Nova 
Scotia,"  Can.  Nat.  vol.  viii.]  ̂  

Dadoxylon,  linger. 

1.  Daboxylon  Acadiantjm,  spec.  nov.     PI.  V.  figs.  4-6. 

Large  trees,  usually  silicified  or  calcified,  with  very  wide  wood- 
cells,  having  three  or  more  rows  of  small  hexagonal  areoles,  each 

enclosing  an  oval  pore ;  cells  of  meduUary  rays  one-third  of  br(|^dth 
of  wood-cells,  and  consisting  of  twenty  or  more  rows  of  cells  super- 

imposed in  two  series.     Kings  of  growth  indistinct. 
M.  C.t,  Joggins,  Port  Hood,  Dorchester  (J.  W.  D.). 

2.  D.  MATERiAEiuM,  spcc.  nov.     PI.  Y.  figs.  7-9. 

Wood- cells  less  wide  than  those  of  the  last ;  two  to  rarely  four 
rows  of  hexagonal  disks.  Medullary  rays  very  numerous,  with 
twenty  or  more  rows  of  cells  superimposed  in  one  series.  Eings  of 
growth  slightly  marked.  Ap23roaches  in  the  character  of  its  woody 
fibre  to  D.  Brandlingii ;  but  the  medullary  rays  are  much  longer. 

Som'e  specimens  show  a  large  Sternbergian  pith,  with  transverse 
partitions^.  Yast  numbers  of  trunks  of  this  species  occur  in  some 
sandstones  of  the  Upper  Coal-formation. 

M.  and  U.  C,  Joggins,  Malagash,  Pictou,  &c.  (J.  W.  D.) ;  Glace 
Bay  {H.  Poole)  ;  Miramichi  {G,  F.  Mattheiv). 

^  The  illustrations  are  principally  from  photographs  by  my  son  George  M. 
Dawson,  and  for  the  sake  of  economy  have  been  confined  to  small  and  character- 

istic portions  of  the  specimens. 
t  U.  C,  M.  C,  and  L.  C,  indicate  the  Upper,  Middle,  and  Lower  Coal-for- mations. 
i  Canadian  Naturalist,  1857. 
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3.  D.  ANTiQuius,  spec,  nov.     PI.  Y.  figs.  1-3. 

"Wood-cells  narrow,  thick-walled,  two  to  three  rows  of  pores. 
Medullary  rajs  of  three  or  four  series  of  cells  with  twenty  or  more 

superimposed,  nearly  as  wide  as  the  wood- cells.  Eings  of  growth 
visible.  This  species  would  belong  to  the  genus  Pcdceoxylon  of 
Brongniart,  and  is  closely  allied  to  D.  Withami,  L.  and  H.,  which, 
like  it,  occurs  in  the  Lower  Coal-measures. 

L.  C,  Horton  (Dr.  Harding). 

4.  L.  ANNULATUM,  spec.  nov.     PI-  y.  figs.  10-13. 

Wood-cells  with  two  or  three  rows  of  hexagonal  disks.  Medul- 
lary rays  of  twenty  or  more  rows  of  cells  superimposed,  in  two 

series.  Wood  divided  into  distinct  concentric  circles,  alternating 

with  layers  of  structureless  coal  representing  cellular  tissue  or  very 
dense  wood.  A  stem  6  inches  in  diameter  has  fourteen  to  sixteen 

of  these  rings,  and  a  pyritized  pith  about  1  inch  in  diameter.  This  is 
probably  generically  distinct  from  the  preceding  species. 

M.  C,  Joggins  {Sir  W.E.  Logan-,  J.  W.D.). 

Akaucarites,  linger. 

Araucaeites  gracilis,  spec.  nov.     PI.  YI.  fig.  14. 

Branches  slender,  0-2  inch  in  diameter,  with  ycaly,  broad  leaf- 
bases.  Branchlets  pinnate,  numerous,  very  slender,  with  small, 
acute,  spirally  disposed  leaves. 

U.  C,  Tatamagouche  {J.  W.  D.). 

SiGiLLAEiA,  Brongn. 

1.  SiGiLLAEiA  (Pavitlaeia)  elegans,  Brougn.     PI.  YII.  fig.  26. 

Abundant,  especially  in  the  roofs  of  coal-seams.     S.  heo'agona 
includes  old  trunks  of  this  species.     Young  branches  have  scars  of 
an  elliptical  form  like  those  of  S.  Serlii. 

M.  C,  Joggins  {J.  W.  D.) ;  Sydney  (B.  Brown). 

2.  S.  (Eav.)  tessellata,  Brongn. 

M.  C,  Joggins  and  Pictou  {J.  W.  D.);  Sydney  (R.  Brown). 

.3.  S.  (Ehytidolepis)  scutellata,  Brongn.     PI.  YI.  fig.  25. 

M.  and  T.  C,  Joggins  (Lyell;  J.  W.I).). 

4.  S.  (Eh.)  Schlotheimian"A,  Brongn. 
M.  C,  Joggins  (Lyell;  J.  W.  D.). 

5.  S.  (Eh.)  Satjllii,  Brongn. 

M.  C,  Sydney  (E.  Broiun);  Joggins  (Lyell;  J.  W.B.). 

6.  S.  Beownii,  Dawson  (Quart.  Journ.  Geol.  Soc.  vol.  x.).     PI.  YI. 

figs.  15-19. 
M.  C,  Joggins  (J.  W.  B.). 

7.  S.  EENiFOEMis,  Brongu. 

M.  C,  Joggins  (Lyell ;  J.  W.  B.) ;  Sydney  (B.  Brown). 
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8.  S.  LAEVIGATA,  Brongn. 

M.  C,  Sydney  (B.  Brown);  Joggins  (J.  W.  D.). 

9.  S.  PLANicosTA,  spec.  nov.     PI.  YI.  fig.  21. 

Scars  half  hexagonal  above,  rounded  below ;  lateral  vascular  im- 

pressions elongate;  central  small,  punctiform.  Ribs  1-1  inch  broad, 
smooth  externally,  longitudinally  striated  on  the  ligneous  surface. 
Slight  transverse  wrinkles  between  the  scars,  which  are  distant  from 

each  other  about  an  inch.  Allied  to  S,  Icevigata,  but  with  very  thin 
bark. 

M.  C,  Sydney  (E.  Brown). 

10.  S.  CATENOiDES,  spec.  uov.     PI.  YI.  fig.  22. 

Cortical  surface  unknown;  ligneous  surface  with  puncto-striate 

ribs  I'l  inch  in  breadth,  and  with  single  oval  scars  half  an  inch  long, 
and  an  inch  distant  from  centre  to  centre.  A  very  large  tree. 
Perhaps,  if  its  cortical  surface  were  known,  it  might  prove  to  be  a 

large  Syringodendron. 
M.  C,  Joggins  (J.  Smith) ;  Sydney  (B.  Brown). 

11.  S.  STEiATA,  spec.  nov.     PI.  YI.  fig.  23. 

Eibs  prominent,  coarsely  striate,  0-35  inch  wide.  Scars  nearly 
as  wide  as  the  ribs,  rounded,  hexagonal,  1  inch  distant ;  lateral  vas- 

cular marks  narrow,  central  large.  On  the  ligneous  surface  scars 

single,  round,  oblong ;  bark  very  thin. 
M.  C,  Joggins  (J.  W.  D.). 

12.  S.   ? 

A  small  erect  stem,  somewhat  like  S.Jlexuosa. 
M.  C,  Joggins  (J.  W.  D.). 

13.  S.  (Clathraeia)  Menardi,  Brongn. 

M.  C,  Sydney  {B.  Brown) ;  U.  C,  Pictou  {J.  W.  D.). 

14.  S.[(AsoLANus)  Sydnensis,  spec.  nov.     PI.  YII.  fig.  28. 

Ribs  obsolete;  cortical  and  ligneous  surfaces  striate;  vascular 
scars  two,  elongate  longitudinally,  and  alike  on  cortical  and  ligneous 

surfaces ;  scars  1-1  inch  distant,  in  rows  0-6  inch  distant.  Stigmarian 
roots,  same  with  variety  h  of  Stigmaria,  as  described  below. 

M.  C,  Sydney  {B.  Broivn). 

15.  S.  ORGANUM,  L.  &  H. 

M.  C,  Sydney  (B.  Brown). 

16.  S.  ELONGATA,  Brongn. 

M.  C,  Sydney  (B.  Brown). 

17.  S.  i-LEXTJOSA,  L.  &  H. 

M.  C,  Sydney  (B.  Broiun's  list  in  'Acadian  Geology'). 

18.  S.  PACHYDERMA,  L.  &  H. 

M.  C,  Sydney  (B.  Brown's  list). 
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19.  S.  (Fay.)  Bretofensis^  spec.  nov.     PL  VII.  fig.  27. 

Like  S.  tessellata,  but  areoles  more  hexagonal,  bark  thin  and  smooth 
on  both  sides,  and  furrow  above  the  scars  arcuate  and  with  a  central 
punctiform  elevation. 

M.  C,  Sydney  (B.  Brown). 

20.  S.  EMiNENS,  spec.  noY.     PI.  VI.  fig.  24. 

Like  S.  ohovata,  Lesqx.,  but  with  narrower  ribs,  and  larger  and 
less  distant  areoles,  each  with  a  slight  groove  above. 

M.  C,  Sydney  (E.  Broivn). 

21.  S.  DouRNAiN^sii,  Brongn. 
M.  C,  Joggins  {J.  W.  D.). 

22.  S.  Knoreii,  Brongn. 

M.  C,  Sydney  {B,  Brown). 

Syringodendrok,  Brongn. 

Obscure  specimens,  referable  to  a  narrow-ribbed  species  of  this 
genus,  occur  in  the  Lower  Carboniferous  beds  at  Horton  and  Onslow. 

Stigmaeia,  Brongn. 

Sttgmaeia  ficoldes,  Brongn.     PL  XII.  fig.  83-87. 

Under  this  name  I  place  all  the  roots  of  SigiUarice  occurring  in 
the  Carboniferous  rocks  of  Nova  Scotia.  They  belong,  without 
doubt,  to  the  different  species  of  Sigillarioid  trees;  but  it  is  at  present 
impossible  to  determine  to  which  ;  and  the  specific  characters  of  the 
Stigmarice  themselves  are,  as  might  be  anticipated,  evanescent  and 

unsatisfactory.  The  varieties  which  occur  in  jN'ova  Scotia,  discard- 
ing mere  difference  of  preservation,  may  be  arranged  as  follows : — 

Var.  a.  Areoles  large,  distant ;  bark  more  or  less  smooth.  This  is 
the  most  common  variety,  and  extends  throughout  the  Coal-formation. 

Var.  h.  Areoles  large,  separated  by  waving  grooves  of  the  bark. 
Var.  c.  Similar,  but  ridges  as  well  as  furrows  between  the 

areoles ;  var.  undulata  of  Goeppert. 
Var.  d.  Areoles  small,  separated  by  waving  grooves. 
Var.  e.  Areoles  moderate,  in  vertical  or  diagonal  furrows  separated 

by  ridges  ;  var.  sigillarioides  of  Goeppert. 
Var.  /.  Areoles  small ;  bark  finely  netted  with  wrinkles  or  striae. 
Var.  g.  Areoles  surrounded  by  radiating  marks,  giving  a  star- 

like form ;  var.  stellata  of  Goeppert.  The  only  specimen  I  have 
seen  was  found  by  Dr.  Harding  in  the  Lower  Carboniferous  Coal- 
measures  of  Horton. 

Var.  h.  Areoles  small,  or  obscure  and  infrequent.  Surface  covered 
with  fine  uneven  strise.  Mj  specimens  were  collected  by  Mr.  Brown 
in  the  Middle  Coal-measures  at  Sydney. 

Var.  i.  Areoles  narrow,  elongate,  bark  smooth  or  striate. 
Var.  Jc.  alterncms,  with  areoles  in  double  rows  on  broad  ribs  sepa- 

rated by  deep  furrows.     Probably  old  furrowed  roots. 
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Yar.  I,  Knorroides.  Prominent  bosses  or  ridges  instead  of  areoles. 
These  are  imperfectly  preserved  specimens. 

The  varieties  a,  h,  c,  e,  i,  have  been  seen  attached  to  trunks  of 

Sigillarice  of  the  group  distinguished  by  broad  and  prominent  ribs — 
Sigillaria  proper  of  the  above  arrangement.  Stigmarice,  like  Sigil- 
laricBf  are  exceedingly  abundant  in  the  Middle  Coal-measures,  and 
are  comparatively  rare  in  the  Lower  Carboniferous  and  newer  Coal- 
formations. 

Calamodendron,  Brongn. 

1.  Calamodendron  approximatttm,  Brongn.     PI.  YII.  fig.  31. 

This  plant  is  evidently  quite  distinct  from  Oalamites  proper.  The 
Calamite-like  cast  is  a  pith  or  internal  cavity,  surrounded  by  a  thick 
cylinder  of  woody  tissue  consisting  of  scalariform  vessels  and  woody 
fibres  with  one  row  of  round  pores ;  external  to  this  is  a  bark  of 
cellular  and  bast  tissue.  The  structure  appears  to  be  allied  to  that 
of  Sigillariaf  and  is  one  of  the  most  common  in  the  beds  of  bitu- 

minous coal. 

M.  C,  Sydney  (R.  Brown) ;  M.  C,  Joggins,  Pictou  (/.  TT.  D.); 
Coal  Creek  (C.  B.  Matthew). 

2.  C.  OBSCURUM,  spec.  nov.     PI.  VII.  fig.  31  d. 

This  is  a  Calamite-like  fragment  found  in  a  block  of  Sydney  coal, 
in  the  state  of  mineral  charcoal.  The  external  markings  are  obscure, 
but  the  structure  is  well  preserved.  It  differs  from  the  last  in 
having  large  ducts  with  many  rows  of  pores,  or  reticulated  instead 
of  scalariform  vessels.     This  is  perhaps  a  Calamite. 

M.  C,  Sydney  (J.  W,  D.), 

Cyperites,  L.  &  H. 
Ctperites   ? 

These  elongate  linear  leaves  have  two  or  three  ribs,  and  the 
central  band  between  the  ribs  raised  above  the  margin ;  one  species 
has  been  seen  attached  to  Sigillmia  SchlotJieimiana. 

The  leaves  of  Sigillaria  elegans  are  different,  being  as  broad  as 
the  areoles  of  the  stem,  and  with  several  parallel  veins. 

Middle  and  upper  coals,  everywhere. 

Antholithes,  Brongn. 

1.  Antholithes  Rhabdocarpi,  spec.  nov.     PI.  YII.  fig.  30. 

Stem  short,  interruptedly  striate,  with  two  rows  of  crowded  ovate 
fruits,  and  traces  of  floral  leaves.  Pruits  half  an  inch  long,  striated 
longitudinally,  attached  by  short  peduncles. 

M.  C,  Grand  Lake  ((7.  F.  Hartt). 

2.  A.  PTGMJEA,  spec.  nov.     PI.  VII.  fig.  30  c. 

B/hachis  1  inch  thick,  rugose ;  two  rows  of  opposite  flowers,  each 
showing  four  lanceolate  striate  floral  leaves,  two  outer  and  two 
inner. 

M.  C,  Joggins  {J.  W,  D.). 
VOL.  XXII.-— PART  I.  M 
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3.  A.  SQUAMOSA,  spec.  nov.     PI.  YII.  fig.  29. 

Rhachis  thick,  coarsely  rugose,  with  two  rows  of  closely  placed 
cones  or  scaly  fruits. 

U.  C,  Pictou  {J,  W,  D,). 

4.  A.   ?,  spec.  nov. 
Indistinct,  hut  apparently  different  from  those  above  described. 
M.  C,  Joggins  {J.  W.  D.) ;  Sydney  {B.  Brown). 

TEiGONOCABPtJM,  Brougu. 

1.  Trigonocaeptjm  Hookeri,  Dawson,  Quart.  Journ.  Geol.  Soc.  vol. 
xvii. 

M.  C,  Mabou  (J.  W.  D.). 

2.  T.  SiGiLLAEi^,  spec.  nov.     PI.  XII.  fig.  76. 

Ovate,  i  inch  long ;  testa  smooth,  or  rugose  longitudinally,  acu- 
minate, two-edged.  Found  in  erect  trunks  of  SigiUarice  in  large 

numbers. 

M.  C,  Joggins  (J.  W.  D.). 

3.  T.  INTERMEDIUM,  SpCC.  UOV.       PI.  XII.  fig.  78. 

AUied  to  T^olivceformis,  but  larger  and  more  elongated. 
M.  C,  Joggins,  {J,  W,  D.). 

4.  T.  AVELLANUM,  spcc.  uov.     PI.  XllCiig.  77. 

Allied  to  T.  ovatum,  L.  &  H. ;  three-ribbed,  size  and  form  of  a 
filbert. 

M.  C,  Joggins  {J.  W,  D,) ;  Sydney  {B.  Brown), 

5.  T.  MINUS,  spec.  nov.     PI.  XII.  fig.  75. 
Half  the  size  of  T.  HooJceri,  and  similar  in  form. 
M.  C,  Joggins  (J.  W.  D.). 

6.  T.  ROTUNDUM,  spec.  nov. 

Small,  round-ovate,  shghtly  pointed. 
M.  C,  Joggins  {J.  W.  D,), 

7.  T.  NCEGGERATHi,  Brongu. 

Newer  Coal-formation,  Pictou  {J.  W.  D.). 

Rhabdocarpus,  Goepp.  and  Bergm. 

1.  Rhabdocarpus   ?,  spec.  nov. 
Ovate  acuminate,  less  than  half  an  inch  long. 
M.  C,  Joggins  (J,  W.  D,). 

2.  R.  iNSiGNis,  spec.  nov.     PI.  XII.  fig.  69. 

1*5  inch  long,  ovate,  smooth,  with  about  seven  ribs  on  one  side, 
and  the  intervening  surface  obscurely  striate.  The  nature  of  this 
fossil  is  perhaps  doubtful;  but  if  a  fruit,  it  is  the  largest  I  have 
seen  in  the  Coal-formation. 

U.  C,  Pictou  (J.  W,  I).). 
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Calamites,  Suckow. 

1.  Calamites  Suckovii,  Brongn. 

This  species  is  one  of  the  most  common  in  an  erect  position.  It 
has  verticillate  branchlets,  with  pinnate  linear  leajflets. 

M.  C,  Sydney  (jB.  Brown)  ;  Joggins  {Lyell;  J.  W.D,) ;  Grand  Lake 
{G.  F.  Hartt) ;  F.  C,  Pictou  {J.  W.  D.) ;  Coal  Creek  {C.  B.  Matthew). 

2.  C.  CisTii,  Brongn. 

M.  C,  Joggins  (J.  W.D,);  Sydney  (E.  Brown);  Grand  Lake  (C,  F. 
Hartt) ;  Bay  de  Chaleur  (Logan) ;  Coal  Creek  [0.  B.  Matthew). 

Often  found  erect.  Its  leaves  are  verticillate,  simple,  linear,  striate, 
apparently  one-nerved,  and  3  inches  long. 

3.  C.  CANN^FOHMis,  Brongn. 

M.  C,  Joggins  (Ijyell;  J.  W.  D.);  Sydney  (E.Brown). 

4.  C.  EAMOsus,  Artis. 

Possibly  a  variety  of  C.  SucJcovii. 
M.  C,  Joggins  (J.  W.  D.) ;  Sydney  (R.  Brown). 

5.  C.  YoLTzii,  Brongn.    (C.  irregularis,  L.  &  H.) 

M.  C,  Joggins  (J".  Tr.J5.). 
Often  erect ;  has  large  irregular  adventitious  roots.  This  species 

is  regarded  by  Brongniart  as  probably  belonging  to  Calamodendron. 

6.  C.  DFBius,  Artis. 

M.  C,  Sydney  (JR.  Brown);  Joggins  (J.  W.D.;  Logan);  TJ.  C, Pictou 
(J.  W.  D.). 

7.  C.  NovA-scoTicA,  spec.  nov.     PI.  XII.  fig.  89. 
M.  C,  Joggins  (J.  W.D.). 
Ribs  equal,  less  than  a  line  wide,  striated  longitudinally.  Joints 

obscurely  marked,  and  with  circular  areoles  separated  by  the  breadth 
of  three  to  four  ribs.     Bark  of  moderate  thickness. 

8.  C.  NonosTJS,  Schloth. 

This  species  has  long  slender  branchlets,  with  close  whorls  of 
short  rigid  leaves. 

M.  C,  Sydney  (B.  Brown) ;  Grand  Lake  (0.  F.  Hartt). 

9.  C.  AEEifACEUs  (?),  Jager. 

This  species  is  mentioned  with  doubt  in  Lyell's  list. 

Equisetites,  Sternberg. 

EaiTisETiTEs  cuETA,  spoc.  uov.     PL  XII.  fig.  88. 

Short  thick  stems,  enlarging  upward,  and  truncate  above ;  joints 
numerous;  sheaths  as  long  as  the  joints,  with  unequal  acuminate 
keeled  points.  Lateral  branches  or  fruit  with  longer  leaf-Hke 
points.  Has  the  characters  of  Equisetites ;  but  its  affinities  are  quite 
uncertain. 

M.  C,  Sydney  (B.  Brown). 
M  2 
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ASTEROPHTLLITES,  Brongll. 

1.  ASTEEOPHTLLITES  EOLIOSA,  L.  &  H. 

M.  C,  Joggins  {J,  W.  D.) ;  Sydney  {B.  Brown). 

2.  A.  EQUISETIFORMIS,  L.  &  H. 

M.  C,  Sydney  {JR.  Broim) ;  Pictou  {J.  W.  D.). 

3.  A.  GRANDis,  Sternberg  ? 

The  specimens  resemble  this  species,  but  are  not  certainly  the 

same.     Logan's  specimens  have  terminal  spikes  of  fructification. 
M.  C,  Grand  Lake  (C.  F.  Hartt) ;  Bay  de  Chaleur  (Logan) ;  Sydney 

(Bunhury), 

4.  ASTEEOPHYLLITES,  Sp. 

A  species  with  tubercles  (fruit)  in  the  axils  is  mentioned  in 

Lyell's  list  as  from  Sydney.  I  have  not  seen  it,  but  have  a  specimen 
from  Mr.  Brown  similar  to  A.  tuherculata,  Sternberg,  which  may  be 
the  same. 

5.  A.  TEiNERvis,  spec.  nov.    PI.  XIII.  fig.  90. 

Main  stem  smooth,  delicately  striate,  with  leaves  at  the  nodes. 
Branches  delicately  striate,  with  numerous  whorls  of  hnear  nearly 

straight  leaves,  0-5  inch  long,  twenty  or  more  in  a  whorl,  and  show- 
ing two  lateral  nerves  in  addition  to  the  median  nerve.  This  and 

A.  equisetiformis  would  be  placed  by  some  authors  in  Annularia. 
M.  C,  Sydney  (R.  Brown). 

Annulaeia,  Sternberg. 

Anntjlaeia  galioides,  Zenker. 

M.  C,  Grand  Lake  (C.  F.  Hartt) ;  U.  C,  Pictou  (J.  W.  D.) ;  Bay  de 
Chaleur  {Logan) ;  Sydney  (i2.  Brown). 

Sphenophyllum,  Brongn. 

1.  Sphenophyllitm  emaegin-atum,  Brongn. 

M.  C,  Sydney  {R.  Brown)-,  Grand  Lake  {C.  F.  Hartt)-,  Bay  de 
Chaleur  {Logan);  Pictou  {J.  W.  D.). 

2.  S.  LONGiFOLiuM,  Germar. 

II.  C,  Pictou  {J.  W.  D.) ',  M.  C,  Sydney  {R.  Brown). 
3.  S.  SAxiFEAGiFOLiUM,  Sternberg. 

Elongate  much-forked  variety,  closely  allied  to  8.  hifurcatmn, 
Lesquereux. 

Bay  de  Chaleur  (Logan). 

4.  S.  ScHLOTHEiMii,  Brougu. 

M.  C,  Sydney  (Bunhury). 

5.  S.  EEOSUM,  L.  and  H. 

M.  C,  Sydney  (Bunhury). 
The  last  two  species  are  regarded  by  Geinitz  as  varieties  of  S. 

emarginatum.     A  specimen  of  the  last-named  species  in  Sir  William 
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Logan's  collection  shows  a  woody  jointed  stem  like  that  of  Astero- 
lohyUites,  giving  off  branches  at  the  joints ;  these  again  branch  and 
bear  whorls  of  leaves.  The  stem  shows  under  the  microscope  a 
single  bundle  of  reticulated  or  scalariform  vessels  like  those  of  some 
ferns,  and  also  like  those  of  Tmesipteris,  as  figured  by  Brongniart. 
This  settles  the  affinities  of  these  plants  as  being  with  ferns  or  with 
Lyco^podiacece. 

PiNNULAKIA,  L.  &  H. 

1.  PlNNULARIA  CAPILLACEA,  L.  &  H. 

M.  C,  Sydney  {B.  Brown), 

2.  P.  RAMOSissiMA,  spcc.  nov. 
More  slender  and  ramose  than  the  last. 

M.  C,  Joggins  {J.  W.  D.). 

3.  P.  CKASSA,  spec.  nov. 

Branching  like  P.  capiUaceay  but  much  stronger  and  coarser. 
L.  C,  Horton  ((7.  F.  Hartt). 

All  these  are  apparently  branching  fibrous  roots,  of  soft  cellular 
tissue  with  a  thin  epidermis  and  slender  vascular  axis.  Perhaps 
they  are  roots  of  Aster ophylUtes. 

Genus  NcfiGGERATSiA,  Sternberg. 

1.  NCEGGERATHIA  DISPAR,  SpCC.  UOV.       PI.  XIII.  fig.  91. 

A  remarkable  fragment  of  a  leaf,  with  a  petiole  nearly  3  inches 
long,  and  a  fourth  of  an  inch  wide,  spreading  abruptly  into  a  lamina, 
one  side  of  which  is  much  broader  than  the  other,  and  with  parallel 
veins  running  up  directly  from  the  margin  as  from  a  marginal  rib. 
It  appears  to  be  doubled  in  at  both  edges,  and  is  abruptly  broken 
off.  It  seems  to  be  a  new  species ;  but  of  what  affinities,  it  is  im- 

possible to  decide. 
Bay  de  Chaleur  {Sir  W.  E.  Logan). 

2.  N.  FLABELLATA,  L.  &  H. 

M.  C,  Sydney  (B.  Brown). 

Cyclopteris,  Brongn. 

(including  Cyclopteris  proper,  and  suhgenersi  Aneimites,  Daws.,  and 
Neuropteris,  Brongn.). 

1.  Cyclopteris  heterophylla,  Goeppert. 

M.  C.  and  U.  C,  Joggins  (J".  W.  D.). 
2.  C.  (Aneimites)  Acadica,  Dawson,  Quart.  Journ.  Geol.  Soc.  vol. 

xvii.  p.  5.    PI.  YIII.  fig.  32. 

Stipe  large,  striate,  branching  dichotomously  several  times. 
Pinnae  with  several  broadly  obovate  pinnules  grouped  at  the  end  of 
a  slender  petiolule,  and  with  dichotomous  radiating  veins.  Pertile 
pinnae  with  recurved  petiolules,  and  borne  on  the  divisions  of  the 
main  petiole  near  their  origin.  This  plant  might  be  placed  in  the 
genus  Adiantites,  Brongn.,  but  for  the  fructification,  which  allies, it 
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with  such  ferns  as  Aneimia.  It  has  a  very  large  frond,  the  main 
petiole  being  sometimes  3  inches  in  diameter,  and  2  feet  long  before 
branching.  Flattened  petioles  have  sometimes  been  mistaken  for 
Cordaites  and  Schizoj)teris.  It  is  a  characteristic  plant  of  the  Lower 
Coal-measures. 

L.  C,  Horton  (0.  F.  ITartt);  Norton  Creek,  N.B.  (G^.  F.  Mattheiv). 

3.  C.  OBLONGiFOLiA,  Gooppert. 

A  little  larger  and  coarser  than  Goeppert's  figure. 

U.  C,  Pictou  (J".  W.  D.), 
4.  C.  (Neuropteris)  obliqua,  Brongn. 

M.  C,  Sydney  {B.  Brown)  ;  Grand  Lake  (G.  F.  Hartt). 

5.  C.  (?Net7Ropteris)  ingeits,  L.  &  H. 

M.  C,  Sydney  (B.  Brown) ;  Grand  Lake  (0.  F.  Hartt), 

6.  C.  OBLATA,  L.  &  H. 

M.  C,  Sydney  (JR.  Brown). 

7.  C.  piMBRiATA,  Lesquereux. 

M.  C,  Sydney  (B.  Brown). 

8.  C.  HispiDA,  spec.  nov.     PI.  XIII.  fig.  92. 
Pinnate ;  pinnules  obovate,  diminishing  in  size  towards  the  point, 

decurrent  on  the  petiole;  veins  slender,  distant,  forking  several 
times ;  under  surface  covered  with  stiff  hairs. 

M.  C,  Sydney  (B.  Brown). 

9.  C.  ANTiQXTA,  spec.  nov.     PI.  XIII.  fig.  95. 
L.  C,  ?  Hebert  Eiver  (J.  W.  D.). 
Tripinnate ;  petioles  slender ;  pinnules  oblong,  obtuse,  decurrent 

on  the  petiole,  not  contiguous.  Terminal  pinnules  much  elongated  ; 
venation  simple,  divergent.  This  plant  approaches  more  nearly  to 
the  peculiar  species  of  Gyclojpteris  found  in  the  Devonian,  than  any 
of  the  others  I  have  seen  in  the  Carboniferous. 

Neuropteris,  Brongn. 

1.  Netiropteris  RARii^ERvis,  Buubury. 

M.  C,  Sydney  (B.  Brown) ;  Grand  Lake  (C.  F.  Hartt)  ;  Bay  de  Cha- 
leur  (Logan). 

2.  N.  PERELEGANS,  SpCC.  UOV.       PI.  XIII.  fig.  93. 

M.  C,  Sydney  (B.  Brown). 
Eesembles  N.  elegans,  Brongn.,  but  has  narrower  pinnules,  and 

nerves  less  oblique  to  the  midrib.  The  pinnules  were  thick  and 
leathery,  rough  or  cellular-netted  above,  and  showing  the  venation 
only  on  the  underside. 

3.  N.  cordata,  Brongn.  (and  var.  angustifolia). 
The  ferns  referred  to  this  species  are  identical  with  N.  hirsuta 

of  Lesquereux.  They  abound  in  the  Middle  and  Upper  Coal-forma- 
tions, and  have  larger   pinnules  than  any  of  the  other  ferns,     A 
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single  terminal  pinnule  in  my  collection  is  5  inches  long.     The  sur- 
face is  always  more  or  less  hairy. 

M.  C,  Sydney  {B,  Brown)  ;  U.  C,  Pictou  {J.  W,  D.). 

4.  N".  VoLTZTi,  Brongn. 
A  single  imperfect  specimen  like  this  species,  but  uncertain. 

M.C.,  Pictou  (J-.TT.Z).). 
5.  N.  GiGANTEA,  Stcrnb. 

M.  C,  Sydney  (i?.  Brown) ;  Grand  Lake  (0.  F,  Hartt);  V.  C,  Pic- 
tou (J.  W.  D.). 

6.  N.  FLEXTTOSA,  Stomb. 

M.  C,  Sydney  {B.  Brown)  ;  Joggins  (J.  W.  D.). 

7.  N.  HETEROPHTLLA,  BrOngU. 

M.  C,  Sydney  {R.  Brown) ;  U.  C,  Pictou  {J.  W.  D.). 

9.  N.  LosHii,  Brongn. 

Bay  de  Chaleur  (Logan). 

10.  N".  ACUTiFOLiA,  Brongn. 
M.  C,  Sydney  {LyelVs  list). 

11.  N.  CONJTJGATA,  Goopp. 

M.  C,  Sydney  (Brown's  list,  Acad,  Geol.). 

12.  N".  ATTENITATA,  L.  &  H, 
M.  C,  Sydney  (I.  c), 

13.  N.  DENTATA,  Losq. 

M.  C,  Sydney  (R.  Brown). 

14.  N.  SoEETii  (Brongn.). 

M.  C,  Sydney  (R.  Brown). 

15.  N.  ATJRICTJLATA,  BrOUgU. 

M.  C,  Sydney  (R.  Brown). 

16.  N.  CYCLOPTEEOIDES,  SpCC.  UOV.       PI.  XIII.  fig.  94. 

Pinnate;  pinnules  contiguous  or  overlapping,  obliquely  round- 
ovate,  attached  at  the  lower  third  of  the  base ;  nerves  numerous, 

spreading  from  the  point  of  attachment.  Allied  to  N.  Villiersi, 
Brongn. 

M.  C,  Sydney  (R.  Brown). 

Odontopteris,  Brongn. 

1.  Odontopteris  Schlotheimii,  Brongn. 

M.  C,  Sydney  (R.  Brown) ;  Bay  de  Chaleur  (Logan) ;  U.  C,  Pictou 
(J.  W.  D.). 

2.  0.  suBCUNEATA,  Buubury. 

M.  C,  Sydney  (R.  Brown). 
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DiCTYOPTEEIS,  Gutb. 

DiCTYOPTEEis  oBLiuuA,  Bunbury. 

M.  C,  Sydney  {B,  Brown). 

LoNCHOPTEEis,  Brongn. 

Lois-CHOPTEEis  TENUIS,  spoc.  nov.     PI.  XIII.  fig.  103. 
Pinnate  or  bipinnate ;  pinnules  contiguous  at  the  base,  nearly  at 

right  angles  to  petiole,  oblong  elongate,  obtuse.  Network  of  veins 
very  delicate.  Allied  to  L.  Bricii,  Brongn.,  but  with  smaller,  more 

elongate  pinnules  and  finer  veins.  I  suspect  this  to  be  a  thick-leaved 
Pecopteris,  showing  a  coarse  cellular  reticulation  on  the  upper  surface. 

M.  C,  Sydney  {B.  Brown). 

Sphenopteeis,  Brongn. 

1.  Sphenopteeis  munda,  spec.  nov.     PI.  XIII.  fig.  97. 

Like  S.  Dubuissonii,  Brongn.,  or  S.  irregularis,  Sternberg,  in  habit ; 

but  the  pinnules  are  obovate,  decurrent,  and  few-veined. 
M.  C,  Grand  Lake  ((7.  F.  HaHt). 

2.  S.  HYMENOPHTLLOIDES,  BrOUgU. 

M.  C,  Sydney  (B.  Brotvn) ;  IJ.  C,  Joggins  (J.  W.  D.). 

3.  S.  latioe,  spec.  nov.     PL  XIII.  fig.  98. 

Petiole  forking  at  an  obtuse  angle,  slender,  tortuous ;  divisions 
bipinnate  ;  pinnae  with  broad,  rounded,  confluent  pinnules ;  veins 
twice  forked,  with  sori  in  the  forks  of  the  veins.  In  habit  like  S. 

latifoUa,  Brongn.,  S.  Newherryi,  and  S.  squamosa,  Lesq. 
M.  C,  Grand  Lake  {C.  F.  Hartt) ;  U.  C,  Pictou  (J.  W.  D.). 

4.  S.  DEciPiENS,  Lesquereux. 

M.  C,  Sydney  {B.  Brown). 

5.  S.  GEAciLis,  Brongn. 

M.  C,  Joggins  (J.  W.  D.) ;  Grand  Lake  (C.  F.  Hartt). 

6.  S.  aetemisijefolia,  Brongn. 

M.  C,  Grand  Lake  {C.  F.  Hartt)  ;  Sydney  {B.  Brown). 

7.  S.  Canadensis,  spec.  nov.     PI.  XIII.  fig.  99. 

General  aspect  like  ̂ .  Hoeninghausi,  but  secondary  pinnules  with 
a  margined  petiole,  and  oblong  pinnules  divided  into  three  to  five 
obtuse  points.  It  is  not  unlike  B.  marginata,  from  the  Devonian  of 
St.  John. 

Bay  de  Chaleur  (Logan) ;  Sydney  ?  (B.  Broivn). 

8.  S.  Lesqtjeeetjxii,  Newberry. 

M.  C,  Sydney  {B.  Brown). 

9.  S.  MiCEOLOBA,  Guttbier. 

M.  C,  Sydney  {B.  Brown). 

10.  S.  OBTTJSiLOBA  (?),  Brougu. 

M.  C,  Bay  de  Chaleur  {Logan). 



1865.]  DAWSON—- COAL-rOEMATION.  157 

Phyllopteris,  Brongn. 

Phtllopteeis  antiqtta,  spec.  nov.     PI.  XIII.  fig.  96 

Pinnate ;  petiole  thick,  woody ;  pinnules  oblong,  pointed,  attached 
by  the  middle  of  the  base;  midrib  strong,  extending  to  the  point,  giving 
off  very  oblique  nerves,  which  have  obliquely  pinnate  nervules  not 
anastomosing.  A  remarkable  frond,  which,  if  not  the  type  of  a  new 
genus,  must  belong  to  that  above  named. 

M.  C.,  Sydney  {B.  Brown). 

Alethopteris,  Sternberg. 

1.  Alethopteris  lonchitica,  Sternberg. 

M.  and  V.  C,  Joggins  {J.  W.D.);  M.  C,  Sydney  {E.  Brown);  Grand 
Lake  (C.  F.  Hartt). 

Yery  abundant  throughout  the  Middle  and  Upper  Coal-formations, 
and  so  variable  that  several  species  might  easily  be  founded  on 
detached  specimens. 

2.  A.  heteeophylla,  L.  &  H. 

L.  C,  Parrsborough  {A.  Gesner). 

3.  A.  Grandini,  Brongn. 

M.  C,  Sydney  (E.  Brown). 

4.  A.  NERVOSA,  Brongn. 

M.  C,  Sydney  (E.  Brown) ;  Bay  de  Chaleur  (Logan) ;  U.  C,  Pictou 
(J.  W.  D.). 

5.  A.  MTJEICATA,  Brongn. 

M.  C,  Joggins,  Bathurst  {Lyell) ;  U.  C,  Pictou  {J.  W.  D.). 

6.  A.  PTEROiDES,  Brongn.  {A.  Bro7ignartii,  Goeppert). 

L.  or  M.  C,  Bathurst  (LyelVs  list). 

7.  A.  Serlii,  Brongn. 

M.  C,  Sydney  (E.  Brown)  ;  Bay  de  Chaleur  (Logan). 

8.  A.  GRANDis,  spec.  nov.     PI.  XIII.  fig.  100. 

Bipinnate ;  pinnae  broad,  contiguous,  united  at  the  base ;  veins 
numerous,  once  forked,  not  quite  at  right  angles  to  the  midrib. 
Upper  pinnae  having  the  pinnules  confluent  so  as  to  give  crenate 
edges.  Still  higher  the  apex  of  the  frond  shows  distant  decurrent 
long  pinnules  with  waved  margins.  A  very  large  and  fine  species  of 
the  type  of  A.  Serlii  and  A.  Grandini,  but  much  larger  and  different 
in  details.  Its  texture  seems  to  have  been  membranaceous;  and 
fragments  from  that  part  of  the  frond  where  the  long  simple  pinnules 
are  passing  into  the  compound  ones  might  be  mistaken  for  an 
Oclontopteris. 

Bay  de  Chaleur  (Logan). 

Pecopterts,  Brongn. 

1.  Pecopterts  arborescens,  Schloth. 

Seems  to  have  been  an  herbaceous  species  with  a  very  strong 
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petiole.    It  occurs  in  an  erect  position  in  a  sandstone  on  "Wallace Eiver. 

M..  C,  Sydney  (E.  Brown) ;  U.  C,  Pictou  (J.  W.  D.) ;  Wallace 
Eiver  (J)r.  Creed). 

2.  P.  ABBREviATA,  Brongn. 

M.  C,  Sydney  (B.  Brown);  Salmon  Eiver,  U.  C,  Pictou  (J.  W.  D.). 

Yery  common  both,  in  the  Upper  and  Middle  Coal-formations. 

3.  P.  RIGID  A,  spec.  nov. 

Similar  to  P.  arhorescens,  but  much  smaller,  and  with  finer  nerves. 

r.  C,  Pictou  {J.  W.  D.). 
4.  P.  TjJiriTA,  Brongn. 

Certain  pinnules  of  a  frond  are  sometimes  swollen  as  if  covered 
with  fructification  below  ;  and  in  this  state  they  resemble  P.  arguta, 
Brongn.  The  sori  are  seen  in  other  specimens,  and  are  large,  round, 
and  covered  with  an  indusium  as  in  Asjpidium. 

M.  C,  Sydney  {B.  Brown) ;  U.  C,  Pictou  {J.  W.  J).). 

5.  P.  PLtTMOSA,  Brongn. 

M.C.jSjdnej  (B.  Brown). 

6.  P.  POLYMORPHA,  BrOUgU. 

M,  C,  Sydney  (B.  Brown). 

7.  P.  ACUTA,  Brongn. 

M.C.,  Pictou  (J:  W.B.). 

8.  P.  LONGIFOLIA,  BrOUgU. 

In  Bimhury^s  list,  from  Sydney. 

9.  P.  T^NioPTEROiDES,  Bunbupy. 

M.  C,  Sydney  {B.  Brown). 

10.  P.  CTATHEA,  Brongn, 

M.  C,  Sydney  {B.  Brown). 

11.  P.  ̂ QUALis,  Brongn. 

M.  C,  Sydney  {B.  Brown). 

12.  P,  SiLLiMANi  ?,  Brongn. 

In  LyelVs  list,  from  Sydney, 

13.  P.  viLLOSA,  Brongn. 

M.  C,  Pictou  {LyelVs  list). 

14.  P.  BucKLANDi,  Brongn. 

M.  C,  Sydney  {Brown's  list). 

15.  P.  OREOPTEROiDES,  Brongu. 

M.  C,  Sjdjiej  {Brown's  list). 
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16.  P.  DECFRREi^s,  Lesq. 

Has  pinnules  more  crowded,  decreasing  towards  the  apex,  but  may 
be  a  variety. 

M.  C,  Sydney  (M,  Brown), 

17.  P.  Pluckenetii,  Sternb. 

M.  C,  Sydney  (E.  Brown), 

Beinertia,  Goeppert. 

Beikertia  Gcepperti,  spec.  nov.     PL  XIII.  fig.  101. 

Bipinnate ;  pinnae  broad,  contiguous,  obtuse,  with  thick  pinnules. 
Pinnules  rounded  above,  obovate  below.  Midrib  thick,  obhque, 
dividing  above  into  a  tuft  of  irregular  hair-like  veins. 

M.  C,  Grand  Lake  (0.  F.  Hartt) ;  Bay  de  Chaleur  {Logan)  \  U.  C, 
Joggins  {J,  W.  D.), 

Htmen-qphyllites,  Goeppert. 
Htmenophtllites  pentadactyla,  spec.  nov. 

In  general  habit  like  Sphenopteris  microloha,  Goepp.,  but  with 
pinnules  divided  into  from  four  to  seven  obtuse  cuneate  lobes,  each 
with  one  vein. 

M.  C,  Sydney  (JR.  Brown). 

Pal^opteris,  Geinitz. 

1.  Pal^opteris  Hartii,  spec.  nov.     PI.  YIII.  fig.  35. 

Stem  or  leaf-bases  transversely  wrinkled  with  delicate  lines ; 
scars  transversely  oval,  slightly  appendaged  below;  vascular  scars 

confluent.     Breadth  1-4  in. ;  length  0*6  in. 
M.  C,  Grand  Lake  {0,  F.  Hartt). 

2.  P.  AcADicA,  spec.  nov.     PI.  YIII.  fig.  36. 

Stem  or  leaf-bases  longitudinally  striated ;  scars  transverse,  flat 
above,  rounded  and  bluntly  appendaged  below ;  vascular  scars  in  a 

transverse  row.     Breadth  of  scars  0-7  inch ;  length  0-5  inch. 
U,  C,  Pictou  {J,  W.  D.), 

Caulopteris,  L.  &  H. 

Several  smaU  erect  stems  at  the  Joggins  seem  to  be  trunks  of  ferns, 
but  are  too  obscure  for  description. 

PsARON-iTJS,  Cotta. 
Trunks  of  this  kind  must  be  rare  in  the  Nova  Scotian  coal-fields 

A  few  obscure  stems  surrounded  by  cord-like  aerial  roots  have  been 
found,  and  probably  are  remains  of  plants  of  this  genus. 

Megaphyton,  Artis. 

1 .  Megaphyton  magnificum,  spec.  nov.     PL  YIII.  fig.  34. 

Stems  large,  roughly  striated  longitudinally;  scars  contiguous, 
orbicular,  deeply  sunk,  nearly  3  inches  in  diameter,  and  each  with  a 
bilobate  vascular  impression  2  inches  broad  and  an  inch  high. 

M,  C,  Joggins  (J^.W,i).). 
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2.  M.  HTJMiLE,  spec.  nov.     PI.  YIII.  fig.  33. 

stem  2-5  inches  in  diameter ;  leaf-scars  prominent,  flattened,  and 
broken  at  the  ends,  1  inch  wide.  Surface  of  the  stem  marked  with 
irregular  furrows,  and  invested  with  a  carbonaceous  coating.  An 
internal  axis,  nearly  2  inches  in  diameter,  with  a  coaly  coating,  sends 
oif  obliquely  thick  branches  to  the  leaf-scars.  This  is  a  very  re- 

markable specimen,  and  throws  much  light  on  the  structure  of 
Megaphyton.  Unfortunately  the  minute  structures  are  not  pre- 
served. 

M.  C,  Sydney  (B.  Brown). 

Genus  Lepidodendeon,  Sternberg. 

1.  Lepidodendeok  coehtjgatum,  Dawson,  Quart.  Journ.  Geol.  Soc. 
vol.  XV.     PI,  XI.  fig.  53. 

Areoles  elongate  ovate,  acute  at  both  ends,  with  a  ridge  along 
the  middle,  terminating  in  a  single  elevated  vascular  sear  at  the 
upper  end.  In  certain  states  the  vascular  mark  appears  in  the 
middle  of  the  areole.  In  young  branches  the  areoles  are  contiguous 
and  resemble  those  of  L,  elegans.  In  old  stems  they  become  sepa- 

rated by  spaces  of  longitudinally  wrinkled  bark ;  in  very  old  stems 
these  spaces  are  much  wider  than  the  areoles.  Leaves  linear,  1  inch 
or  more  in  length,  usually  reflected,  one-nerved.  Cones  (Lepi- 
dostrohi)  terminal,  short,  cylindric,  with  numerous  short,  acute-tri- 

angular scales.  Structure  of  stem. : — a  central  pith  with  a  slender 
cylinder  of  scalariform  vessels,  exterior  to  which  is  a  thick  cylinder 
of  cellular  tissue  and  bast  fibres,  and  a  dense  outer  bark. 

Yar.  verticillatum  has  the  areoles  arranged  in  regular  decussate 
whorls  instead  of  spirally.  This  difference,  which  might  at  first 
sight  seem  to  warrant  even  a  generic  distinction,  is  proved  by  speci- 

mens in  my  possession  to  be  merely  a  variety  oi pliyllotaxis. 
This  species  is  eminently  characteristic  of  the  Lower  Carboni- 

ferous Coal-measures,  and  has  not  yet  been  found  in  the  Middle  Coal- 
formation.  Fragments  of  bark  resembling  that  of  this  species,  occur 
in  the  Coal-formation  of  Bay  de  Chaleur,  along  with  leafy  branches 
of  L&pidodenclron,  which  resemble  those  of  this  species,  though,  I 
believe,  distinct. 

L.  C,  Horton,  &c.  (0.  F.  Harttj  J.  W.  D.) ;  Norton  Creek,  &c., 
New  Brunswick  (G.  F.  Matthew). 

2.  L.  PiCTOENSE,  spec.  nov.     PI.  IX.  fig.  37. 

Areoles  contiguous,  prominent,  long  oval,  acuminate,  separated 
in  young  stems  by  a  narrow  line ;  breadth  to  length  as  1  to  3,  or 
less ;  lower  half  obliquely  wrinkled,  especially  at  one  side.  Middle 
line  indistinct.  Leaf- scar  at  upper  end  of  areole,  small,  triangular, 
with  traces  of  three  vascular  points,  nearly  confluent.  Length  of 

areole  about  0-5  inch.  Leaves  contracted  at  the  base,  widening 
slightly,  and  gradually  contracting  to  a  point ;  ribs  three,  central 
distinct,  lateral  obscure ;  length  1  inch.  Cones  borne  at  the  ex- 

tremities of  the  smaller  branches,  oblong,  obscurely  scaly. 
In  habit  of  growth  this  species  resembles  L.  elegans,  for  which 
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imperfect  specimens  might  be  mistaken.     It  is  also  near  to  L,  hinerve 

and  L.patulum,  Bunbury*.  It  abounds  in  the  Middle  Coal-measures. 
M.  C,  Sydney  (E.  Brown) ;  Pictou  (E.Poole  and  J.  W.D.)  ;  Grand 

Tudke{C.F.Hartt). 

3.  L.  EnrosuM,  Sternberg. 

M.  C,  Sydney  {B,  Brown) ;  Joggins  (J.  W.  D.) . 

4.  L.  DiCHOTOMUM,  Sternberg  (L.  Sternhergii,  L.  &  H.). 

M.  C,  Sydney  {E.  Brown) ;  Joggins  {J,  W.  D.) ;  L.  C,  Horton, 
{J.W.D.). 
5.  L.  DECUETATUM,  spcc.  nov.     PI.  IX.  fig.  40. 

Areoles  approximate  or  separated  by  a  shallow  furrow,  rhombic 
ovate,  obliquely  acuminate  below,  nearly  as  broad  as  long,  wrinkled 
transversely,  especially  on  the  middle  line,  which  appears  tuber- 
culated ;  vascular  scar  rhombic,  twice  as  broad  as  long,  with  three 
approximate  vascular  points.  In  some  flattened  specimens  the  line 
separating  the  areoles  is  indistinct,  and  the  scars  appear  on  a  trans- 

versely wrinkled  surface  without  distinct  areoles. 

M.C.,  Pictou  (J".  W.D.). 
6.  L.  TJNDiJLATUM,  Sternberg.     PI.  IX".  fig.  41. 

Possibly  several  species  are  included  under  this  name ;  but  they 
cannot  be  separated  at  present. 

M.  C,  Sydney  {R,  Brown) ;  Joggins  and  Pictou  (J".  IF.  D.)  ;  F.  C, Joggins  {J,  W,  D.), 

7.  L.  DiLATATUM,  Liudlcy  &  Hutton. 

M.  C,  Joggins  (J.  W.  D.), 

8.  L.,  sp.  like  tetragonijm,  Goepp. 
Obscurely  marked,  but  a  distinct  species,  unless  an  imperfectly 

preserved  variety  of  L.  tetragonum.  The  areoles  are  square,  with  a 
rhombic  scar  at  the  upper  corner  of  each. 

L.C.,Horton(j:  W.D.). 

9.  L.  BiifERVE,  Bunbury. 

M.  C,  Sydney  (B.  Brown), 

10.  L.  TUMiDUM,  Bunbury, 

I  think  it  probable  that  this  species  belongs  to  the  genus  Lepido^ 
pMoios ;  but  I  have  not  seen  a  specimen. 

M.  C,  Sydney  (B.  Brown) . 
11.  L.  aRACiLE,  Brongn. 

In  Brown's  list  in  '  Ac.  Geology.'    Probably  a  variety  of  the  next. 
M.  C,  Sydney  (B.  Brown). 

12.  L.  ELEGANS,  Brongn. 

In  Bunbury  and  Brown's  lists. 
M.  C,  Sydney  (B.  Brown), 

*  In  certain  states  of  preservation,  the  lateral  ribs  of  the  leaves  become  obso- 
lete ;  and  in  others  the  central  disappears,  in  which  state  the  resemblance  to  L. 

hinerve  is  very  close. 
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13.  L.  PLUMARIUM,  L.  &  H. 

M.  C,  Sydney  {inBrowrCs  list). 

14.  L.  SELAGINOIDES,  Stemb. 

M.  C,  Sydney  (in  Brown's  list). 
15.  L.  Harcourtii  (Witham). 

M.  C,  Sydney  (in  Broivn^s  list). 
16.  L.  CLTPEATUM  (?),  Losqx. 

M.  C,  Sydney  (B.  Brown)  ;  T.  C,  Joggins  (J.  W.  D.). 

17.  L.  ACULEATUM,  Sternberg. 

M.  C,  Sydney  (R.  Brown). 

18.  L.  PLicATUM,  spec.  nov.     PI.  IX.  fig.  38. 

Leaf-areoles  much  elongated ;  breadth  to  length  as  1  to  5  or  6, 
transversely  rugose;  central  line  indistinct.  Leaf-scar  rhombic, 
with  three  vascular  points ;  scars  in  old  stems  separated  by  rugose 
bark,  and  somewhat  elongate. 

M.C.,Pictou(e/.  TT.i).). 

19.  L.  PERSONATUM,  spec.  nov.     PI.  IX.  fig.  39. 

Areoles  ovate  acuminate ;  breadth  to  length  as  1  to  3  or  4,  con- 
tiguous in  young  stems ;  central  lines  distinct ;  lower  part  of  areole 

with  transverse  lines.  Leaf-scars  ovate,  with  two  marks  above  and 

two  below ;  leaves  slender,  1  inch  long,  one-nerved. 
M.  C,  Sydney  (R.  Brown). 

Halonia,  sp.  Halonia,  L.  &  H. 

A  specimen  probably  referable  to  this  genus  from  Grand  Lake,  in 
the  collection  of  C.  F.  Hartt. 

Lepidostrobtts,  Brongn. 

1.  Lepidostrobtts  variabilis,  L.  &  H. 

The  most  common  species. 

M.  C,  Sydney  (R.  Brown) ;  Pictou  and  Joggins  (J.  W.  D.). 

2.  L.  SQUAMOSus,  spec.  nov.     PI.  10.  fig.  46. 

2  to  3  inches  long,  1  inch  thick;  scales  large,  broadly  trigonal,  acute. 
Allied  toL.  trigonolepis,  but  larger.    Probably  a  cone  of  Lepidophloios. 

M.  C,  Grand  Lake  (C.  F.  Hartt). 

3.  L.  LoiiTGiFOLiirs,  spec.  nov. 

Long-leaved,  like  Lepidodendron  longifolium,  L.  &  H. 

M.C.,  Joggins  (J-.  ?F.i).). 
4.  Lepidostrobus,  sp. 

Acute  trigonal  leaves,  small. 

M.C.,  Joggins  (J-.  ̂ .Z).). 
5.  Lepidostrobus,  sp. 

Bound,  with  obscure  scales  and  remains  of  long  leaves. 

L.  C,  Horton  (J.  W.  D.). 
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6.  L.  TRiGONOLEPis,  Bunbury. 

M.  C,  Sydney  (E.  Brown). 

Lepidophyllttm,  Brongn. 

1.  Lepidophylltjm  lanceolattjm,  L.  &  H. 

M.  C,  Joggins ;  U.  C,  Pictou  (J.  W.  D.). 

2.  L.  TEINERYE  (?),  L.  &  H. 

Two-nerved  or  three-nerved,  like  L.  trinerve,  L.  &  H.,  but  nar- 
rower.    Both  the  above  are  parts  of  Lepidostrobi. 

U.  C,  Joggins  {J.  W.  D.y 

3.  L.  MAjus  (?),  Brongn. 

M.  C,  Sydney  {B.  Brown), 

4.  LEPiDOPHTLLTjjyr,  sp. 

Broad  ovate,  short,  pointed,  one-nerved,  half  an  inch  long. 
U.  C,  Pictou. 

5.  L.  INTERMEDIUM,  L.  &  H. 

M.  C,  Sydney  {R.  Brown's  list). 
Halonia,  Lepidosfrohus  and  Lepidojohyllum,  including  only  parts 

of  Lejpidodendron  and  Lepidojphloios,  are  to  be  regarded  as  merely 
provisional  genera. 

Lepidophloios,  Sternberg. 

1.  Lepidophloios  Acadianits,  spec.  nov.     PL  X.  fig.  45,  PI.  XI. 
fig.  51. 

Leaf-bases  broadly  rhombic,  or  in  old  stems  regularly  rhombic, 
prominent,  ascending,  terminated  by  very  broad  rhombic  scars 
having  a  central  point  and  two  lateral  obscure  points.  Outer  bark 
laminated  or  scaly.  Surface  of  inner  bark  with  single  points  or  de- 

pressions. Leaves  long,  linear,  with  a  strong  keel  on  one  side,  5 
inches  or  more  in  length.  Cone-scars  sparsely  scattered  on  thick 
branches,  either  in  two  rows  or  spirally,  both  modes  being  some- 

times seen  on  the  same  branch.  Scalariform  axis  scarcely  an  inch  in 
diameter  in  a  stem  5  inches  thick.  Fruit,  an  ovate  strobile  with 
numerous  acute  scales  covering  small  globular  spore- cases.  This 
species  is  closely  allied  to  Ulodendron  majus  and  Lepidophloios 
laricinus,  and  presents  numerous  varieties  of  marking. 

M.  C,  Joggins,  Salmon  Eiver,  Pictou  {J.  W,  D.) ;  Sydney  (i2. 
Brown). 

2.  L.  PEOMiNULTJS,  spec.  nov.     PI.  XL  fig.  52. 

Leaf-bases  rhombic  pyramidal,  somewhat  wrinkled  at  the  sides, 
truncated  by  regularly  rhombic  scars,  each  with  three  approximate 
vascular  points. 

M.  C,  Joggins  (J".  W.  D.). 
3.  L.  PARVUS,  spec.  nov.    PI.  XI.  fig.  50. 

Leaf -bases  rhombic,  small,  with  rhombic  scars  broader  than  long ; 
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vascular  points  obscure ;  leaves  linear,  acute,  3  inches  or  more  in 
length,  with  a  keel  and  two  faint  lateral  ribs.     Cones  large,  sessile. 

U.  C,  Pictou;  M.  C,  Joggins  {J.  W.  D.);  M.  C,  Sydney  (B. 
Brown), 

4.  L.  PLATTSTiGMA,  spec.  nov.     PI.  X.  figs.  47  &  48. 

Leaf-bases  rhombic,  broader  than  long,  little  prominent;  scars 
rhombic,  oval,  acuminate,  slightly  emarginate  above;  vascular 
points  two,  approximate  or  confluent. 

M.  C,  Sydney  {B,  Brown) ;  Joggins  (J.  W.  D.). 

5.  L.  TETEAGONTTS,  SpCC.  DOV.       PI.  X.  fig.  49. 

Leaf-bases  square,  furrowed  on  the  sides ;  leaf-scar  central,  with 
apparently  a  single  central  vascular  point. 

M.  C,  Joggins  (J.  W.  D.). 

DiPLOTEGiuM,  Corda. 

Diplotegitim:  ketusum,  spec.  nov.     PI.  XIII.  fig.  102. 

The  fragments  referable  to  plants  of  this  genus  are  imperfect  and 
obscure.  The  most  distinct  show  leaf-bases  ascending  obliquely, 
and  terminating  by  a  retuse  end  with  a  papilla  in  the  notch.  Some 
less  distinct  fragments  may  possibly  be  imperfectly  preserved  speci- 

mens oi  Lepidodendron  or  Lepidojphloios. 
M.  C,  Joggins  (J.  W.  J).), 

Knoeeia. 

Nearly  all  the  plants  referred  to  this  genus  in  the  Carboniferous 
rocks  are,  as  Goeppert  has  shown,  imperfectly  preserved  stems  of 
Lepidodendron.  In  the  Lower  Coal-formation  many  such  Knorria 
forms  are  afforded  by  L.  corrugatum. 

Knoeeia  Sellonii,  Sternberg. 

This  appears  different  from  the  ordinary  Knorrice ;  its  supposed 
leaves  may  be  aerial  roots.  It  has  a  large  pith-cylinder  with  very 
distant  tabular  floors,  like  Sternbergia. 

M.  C,  Sydney  {B.  Brown). 

CoEDAiTEs,  linger.    (Ptchnophtlltjm,  Brongn.) 

1.  CoEDAiTES  boeassifolia,  Corda. 

M.  C,  Pictou  (H.  Poole);  Grand  Lake  ((7.  F.  Ilartt);  Sydney 
{B.  Brown) ;  Joggins,  Onslow  {J.  W.  D.) ;  Bay  de  Chaleur 
{Logan). 

Yery  abundant  in  the  Middle  Coal-formation. 

2.  C.  SIMPLEX,  spec.  nov. 

Leaves  similar  to  the  last  in  size  and  form,  but  with  simple,  equal, 
parallel  nerves.  It  may  be  a  variety,  but  is  characteristic  of  the 

Upper  Coal-formation. 
M.  C,  Grand  Eiver  (C.  F.  Hartt)  ;  U.  C,  Pictou  {J.  W,  D.). 
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Cardiocaepum,  Brongn. 

1.  Cardiocarpum  pluitans,  spec.  nov.     PI.  XII.  fig.  74. 

Oval;   apex  entire  or  notched;    surface  slightly  rugose  ;    nucleus 
round  ovate,  acuminate,  pitted  on  the  surface,  with  a  raised  mesial  line. 

M.  C,  Joggins  {J.  W.  D.). 

2.  C.  BiSECTUM,  spec.  nov.     PI.  XII.  fig.  73. 

!N"ucleus  as  in  the  last  species,  but  striate  ;  margin  widely  notched at  apex,  and  more  narrowly  notched  below. 
M.  C,  Grand  Lake  ((7.  F.  Hartt). 

3.  Cardiocaepum,  sp.  like  C.  marginatum, 

M.C.,Joggins(J".  IF.i).). 
4.  Cardiocaepum,  sp.  allied  to  C.  latum,  Newberry. 

M.  C,  Pictou  {H.  Poole). 
These  Cardiocarpa  are  excessively  abundant  in  the  roofs  of  some 

coal-seams ;  and  the  typical  ones  must  have  been  samaras  or  winged 
nutlets.  They  must  have  belonged  to  phaenogamous  plants,  and 
certainly  are  not  the  fruits  of  Lepidodendron,  though  some  of  the 
spore-cases  of  this  genus  have  been  described  as  Cardiocarpa.  These 
I  propose  to  place  under  the  provisional  genus  JSporanc/ites. 

Spoeangites,  Dawson. 

1.  Sporangites  papillata,  spec.  nov.     PI.  XII.  fig.  80. 

I  propose  the  provisional  generic  name  of  Sporangites  for  spores 
or  spore-cases  of  Lepidodendron,  Calamites,  and  similar  plants,  not 
referred  to  the  species  to  which  they  belong.  The  present  species  is 
round,  about  1  inch  in  diameter,  and  covered  with  minute  raised 
papillae  or  spines.  It  abounds  in  the  roof  of  several  of  the  shaly 
coals  in  the  Joggins  section,  and  especially  in  one  in  group  19  of  that 
section. 

M.  C,  Joggins  {J.  W.  D.). 

2.  S.  GLABRA,  spec.  nov.     PI.  XII.  fig.  81. 

About  the  size  of  a  mustard-seed,  round  and  smooth.  Exceed- 
ingly abundant  in  the  Lower  Carboniferous  Coal-measures  of  Horton 

Bluff,  with  Lepidodendron  corrugatum,  to  which  it  possibly  belongs. 
A  similar  spore- case,  possibly  of  another  species  of  Lepidodendron, 
occurs  rarely  in  the  Middle  Coal-formation  at  the  Joggins. 

Sternbergia,  Artis. 

This  provisional  genus  includes  the  piths  of  Dadoxylon,  Sigillaria, 
and  other  plants,  usually  preserved  as  casts  in  sandstone,  retaining 
more  or  less  perfectly  the  transverse  partitions  into  which  the  pith- 
cylinders  of  many  coal-formation  trees  became  divided  in  the  process 
of  growth.  These  fossils  are  most  abundant  in  the  Upper  Coal-for- 

mation, but  occur  also  in  the  Middle  Coal-formation.  The  following 
varieties  may  be  distinguished:  — 

{a)  Yar.  approocimata,  with  fine  uniform  transverse  wrinkles.  This 
is  usually  invested  with  a  thin  coating  of  structureless  coal. 

VOL.  XXII.   PART  I.  N- 
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(h)  Var.  angularis,  with  coarser  and  more  angu
lar  transverse 

wrinkles.     This  is  the  character  of  the  pith  of  Dadoxylon. 
 ^ 

(c)  Yar.  distans,  nsuaUy  of  smaU  size,  and  with  di
stant  and  irre- 

gular wrinMes.  This  is  sometimes  invested  with  wood  havi
ng  the 

structure  of  Calamodendron,  and  perhaps  is  not  genen
caUy  distinct 

from  O.  approocimatum. 
 .     , 

(d)  Nir.ohsmra,  with  distinct  and  distant  transv
erse  wrinkles 

hut  not  strongly  marked  on  the  surface.     This  is  th
e  character  of 

the  pith-cylinders  of  Sigillaria  a^nd  Lepidojohloios. 

Endogenites,  L.  &  H. 

Many  sandstone- casts,  answering  to  the  character  of 
 the  plants 

described  under  this  name  by  Lindley,  occur  in  the  Up
per  Coal-for- 

mation They  are  sometimes  3  inches  in  diameter,  and  several 
 teet 

in  length,  irregularly  striated  longitudinally,  and  inves
ted  with  coaly 

matter.  Sometimes  they  show  transverse  striation  m  
parts  ot  their 

length.  I  believe  they  are  casts  of  pith- cylinders  of 
 the  nature  ot 

Sternhergia,  and  probably  of  Sigillarioid  trees. 

Solenites,  L.  &  H. 

Plants  of  this  kind  are  found  in  the  sandstones  of  the  Upper
  Coal- 

formatioh  of  the  Joggins. 

For  all  the  specimens  noticed  in  the  above  Hst  as  collected  by  Si
r 

W.  E.  Logan,  Eichard  Brown,  Esq.,  of  Sydney,  Cape  Breton,  Henr
y 

Poole,  Esq.,  of  Glace  Bay,  C.B.,  and  G.  E.  and  C.  B.  Matth
ew  and 

C  F.  Hartjt,  Esqs.,  St.  John,  New  Brunswick,  I  am  indebted 
 to  the 

kindness  of  those  gentlemen.  To  Mr.  Brown  especially  I  am  und
er 

great  obligations  for  his  liberality  in  placing  at  my  disposal  h
is 

large  and  valuable  collection  of  the  plants  of  the  Cape  Breto
n  coal- 

field. 

EXPLANATION  OF  PLATES  Y.-XIIL 

Illustrative  of  the  Coal-plants  of  British  North  America, 

Plate  V. 

Fig.  1.  Dadoxylon  antiquius:   longitudinal  section,  radial,  magnified 
 90  dia- 

2.  The  same:'  longitudinal  section,  tangential,  magnified  90  diameters:  a, medullary  rays.  •/>  j    orn    t 

3.  The  same :   portions  of  cells  showing   areolation,  magniliecl   ̂ oU  am- 

4.  Dadoxylon  Acadianum :  longitudinal  section,  radial,  magnified  90  dia- 

5.  The  same:  longitudinal  section,  tangential,  magnified  90  diameters:  a, medullary  rays. 

6.  The  same:   portion   of  ceU   showing  areolations,  magnified   2jU  dia- 

7.  Dadoxylon  materiarium :    longitudinal    section,   radial,    magnified  70 

8.  The  same:   longitudinal  section,  tangential,  magnified   70  diameters: a,  medullary  rays.  t  nrrx  j-        * 

9.  The  same :  portion  of  cell  showing  areolation,  magnified  250  diameters. 

10.  D.  annulatum :  longitudinal  section,  radial,  magnified  70  diameters. 
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Fig.  11.  The  same  :  longitudinal  section,  magnified  90  diameters  :  a,  one  of  the 
concentric  rings  of  compact  coaly  matter. 

12.  The  same :  portion  of  a  cell  showing  areolation,  natural  size. 
13.  The  same  :  transverse  section,  natural  size :   a,  pith ;  b,  wood,  composed 

of"  alternate  circles  of  areolated  cells  and  compact  coaly  matter ;  c, 
coaly  bark. 

Plate  VI. 

Fig.  14.  Araucarites  gracilis :  branch  with  leaves,  three-fourths  the  natural  size. 
1.5.  Sigillaria  Brownii:  portion  of  two  ribs,  4  feet  above  the  level,  one-half 

the  natural  size :  a,  cortical ;  h,  decorticated. 
16.  The  same  :  portion  of  one  rib  near  the  root,  furrowed  and  with  vascular 

scars  widely  separated. 
17.  The  same :  trunk  1  foot  in  diameter  at  the  base,  showing  the  origin  of 

the  ribs. 

18.  The  same :  photograph  of  a  portion  of  the   upper  part  of  the  stem, 
one-half  the  natural  size. 

19.  The  same :  portion  of  the  base  of  the  stem,  one-half  the  natural  size, 
from  a  photograph. 

20.  The  same  :  Sigillarian  root  of  this  or  an  allied  species. 

21.  Sigillaria  planicosta,   from  a  photograph,  one-half  the  natural  size; 
21  a,  scar  and  part  of  rib,  one-half  the  natural  size. 

22.    catenoides,  from  a  photograph,  one-half  the  natural  size  ;  22  a,  scar 
and  part  of  ribs,  one-half  the  natu.ral  size. 

23.    striata :  flattened  stem,  from  a  photograph,  two-thirds  the  natural 
size;  23  a,  part  of  stem,  same  size;  23^,  scar,  enlarged. 

24.    eminens :  decorticated  stem,   from  a  photograph,  much  reduced  ; 
24  a,  scar,  one-half  the  natural  size. 

25.   scutellata,  from  a  photograph,  two-thirds  the  natural  size,  with  band 
of  interrupted  growth;  25  «,  ordinary  ai-eole,  natural  size;  25  6,  are- 
oles  from  the  regular  band,  natural  size. 

Plate  VII. 

Fig.  26.  Sigillaria  elegans :  decorticated  stem,  from  a  photograph,  one-half  the 
natural  size,  with  band  of  interrupted  growth  at  /3 ;  26  a,  corticated 

and  flattened  stem,  one-half  the  natural  size,  with  branches  at  /3  &  y  ; 
26  h,  leaf  of  S.  elegans ;  26  c,  areoles  of  a  branch  ;  26  d,  areole  of 
main  stem. 

27.    Bretonensis:   corticated  stem,  from  a  photograph,  two-thirds  the 
natural  size  ;  27  a,  areole,  natural  size. 

28.    Sydnensis:  decorticated  stem,  from  a  photograph,  two-thirds  the 
natural  size ;  28  a,  areoles  of  decorticated  stem ;  28  5  &  c,  variety  of 
Stigmarian  root  attached  to  this  species. 

29.  AnthoUthes  squamosus,  from  a  photograph,  two-thirds  the  natural  size. 
30.    Ehabdocarpi,  from  a  photograph,  two-thirds  the  natural  size  ;  30  a, 

a  larger  specimen  of  ihe  same ;  30  b,  single  nutlet  of  the  same, 
natural  size. 

30  c.    pygmcBus :  fragment,  natural  size. 
31.  Calamodendron  approximatum,  one-half  the  natural  size  ;  31  a,  cast  of 

pith ;  31  b,   coaly  or  woody  investment ;   31  c,  tissues  of  wood  of 
Calamodendron,  magnified. 

31  d.  Tissues  of  a  different  species  of  Calamodendron  or  of  Calamites. 

Plate  VIII. 

Fig.  32.  Leaflets  of  Cyclopteris  Acadica,  from  a  photograph,  one-third  the  na- 
tural size ;  32  a,  petiole  of  the  same,  one-third  natural  size ;  32  b, 

divisions  of  petiole,  one-half  the  natural  size ;  32  c,  leaflets ;  32  d, 
leaflet ;  32  e,  leaflet  enlarged,  showing  venation  ;  32  /,  striation  of 

petiole  enlarged ;  32  g,  h,  remains  of  fructification ;  32  i,  base  of  pe- 
tiole, much  reduced. 

33.  Megaphyton  humile :  (i,  leaf- scars ;  y,  part  of  axis :  from  a  photograph, 
two-thirds  the  natural  size. 

n2 
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Fig.  34.  Megaphyton  magnijicum :  portion  of  stem,  one-sixth  the  natural  size ; 
o4  a,  leaf-scar,  from  a  photograph,  two -thirds  the  natural  size. 

35.  Palaopteris  Hartii,  one-half  the  natural  size. 
36.    Acadica,  one-half  the  natural  size. 

Plate  IX. 

Fig.  37.  Lcpidodcndron  Pictocnse,  branchlets  and  leaves,  from  a  photograph, 
one-half  the  natural  size  (/3,  cone) ;  37  a,  leafy  branch ;  37  b,  branch 
with  areoles ;  37  c,  larger  branch ;  37  d,  old  stem  with  deep  furrows, 
and  at  j3  areoles,  not  enlarged ;  37  e,  leaves.  Figs  37  a  to  37  e,  from 
photographs  two-thirds  the  natural  size.  37/,  areole  enlarged;  37^, 
leaf  enlarged. 

38.    plicatwn,  portion  of  old  stem  ;  38  a,  areole  of  branch,  these  areoles 
bemg  placed  in  contact  on  such  young  branches. 

39.    permnatum,  leafy  branch ;  39  a,  larger  stem  with  areoles  ;  botli 
from  photographs,  two-thirds  the  natural  size ;  39  i,  areole,  enlarged ; 
39  c,  leaf,  natural  size. 

40.    decurtatum,  from  a  photograph,  two-thirds  the  natural  size ;  40  a, 
areole,  enlarged. 

41.    undulatum,  portion  of  old  stem,  showing  enlarged  areoles,  fur- 
rows, and  two  cone-scars. 

42.  43.  Portions  of  old  stems,  probably  of  L.  rimomm  or  allied  species. 

Plate  X. 

Fig.  44.  Portions  of  old  stems,  probably  of  Lejpidodendron  rimosum  or  an  allied 

species. 
45.  Lepidophloios  Acadianus,  stem  with  marks  of  cones,  from  a  photograph, 

one-half  the  natural  size ;  45  a,  portion  of  stem  with  areoles,  from 
a  photograph,  two-thirds  the  natural  size ;  45  b,  decorticated  stem, 
natural  size ;  45  c  &  ̂ ,  opposite  sides  of  the  same  stem,  reduced,  to 
show  the  diiferent  arrangement  of  the  cone-scars ;  45  e,  part  of  a 
leaf,  natural  size  ;  45  /,  g,  h,  areoles  from  different  parts  of  stem. 

46,  Strobile  of  Lepidophloios ;  46  a,  transverse  section  of  a  similar  strobile  ; 
from  photographs,  two-thirds  the  natural  size. 

47&  48.  Lepidophloiosp>latystigma,ivora  a  photograph,  two-thirds  the  natural 
size  ;  47  «  &  48  a,  areole  of  the  same,  natural  size. 

49.    tetragonus,  from  photograph,  two-thirds  the  natural  size ;  49  a, 
areole,  two-thirds  the  natural  size. 

Plate  XI. 

Fig.  50.  Lepidophloios  parvus,  stem  with  areoles  and  scars  of  cones ;  50  a, 
group  of  leaves  ;  both  from  photographs,  two-thirds  the  natural  size ; 
60  b,  areole,  natural  size. 

51.  Cross  BQction  oi  Lepidophloios  Acadianus,  showing  the  outer  rind  and 
woody  axis,  one-tenth  the  natural  size;  51 «,  scalariform  vessels  of  axis, 
magnified  ;  51  b,  transverse  section  of  part  of  the  axis,  showing  the 
vascular  bundles  which  proceed  to  the  leaves,  and  the  different 
diameters  of  the  outer  and  imier  circles  of  vessels  ;  51  c,  smaller  por- 

tion of  the  axis,  showing  one  bundle  of  vessels. 
52.  Lepidophloios  prominulus,   portion  of  cast,  from  a  photograph,  two- 

thirds  the  natural  size  ;  52  a,  areole,  natural  size. 
53.  Lcpidodendron  corrugatum,  young  branch  with  cone  ;  53  a,  branch  with 

leaves ;  53  c,  older  branch  with  areoles  beginning  to  separate ;  53  d, 
variety  with  alternate  areoles  ;  53  e,  variety  with  areoles  in  vertical 
rows  ;  53  /,  g,  old  trunks,  with  widely  separated  areoles ;  53  h,  pho- 

tograph of  branch ;  53  i,  Knorrise,  or  decorticated  state  ;  53  k,  frag- 
ment, showing  ramification  ;  53 1,  bark  with  areoles  in  transverse  rows; 

53  on,  spore-case,  natural  size  and  magnified ;  53  n  to  r,  areoles  in 
various  states ;  53  s,  leaf,  enlarged. 

54.  Scalariform  vessel  of  Jjepidodendron. 
55.  „  „         Stigmaria, 
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Plate  XII. 

Pig.  56.  Scalarifonn  vessel  of  LepidopJdoios. 
57.  Tissues  of  Sigillaria. 
58.  Vessel  of  Sphenophyllum. 
59.  Tissues  of  Calamodendron. 
60.  Tissues  of  Galamites. 
61.  Scalariform  tissue  of  Ferns. 
62.  Bast  tissue  of  Sigillaria. 
63.  Cells  of  JDadoxylon  Acadianum. 
64.  Cells  of  D.  materiarium. 
65.  Cuticle  of  Pinmdaria. 
66.  Vessel  of  Sphenophylhim,  200  diameters. 
67.  Vessels  and  cells  from  vascular  bundles  of  Ferns,  200  diameters. 
68.  Tissues  of  Sigillaria,  200  diameters.  i  c^) 
69.  Rhabdocarpus  insignis.  ' 
70-72.  Cardiocarioum,  spp. 
73.  C.  bisecUim. 
74.  C.fiuitans. 

75.  Trigonocarpum  minus.  ■  5"  0 76.  T.  8igillaricB. 
77.  T.  avellanum. 
78.  T.  interoncdium  ;  78  «,  nucleus  of  do. 
79.  T.  Noeggcrathi. 
80.  Sporangites  papillata  ;  80  J,  nat.  size. 
81.  B.  glabra  ;  81  b,  nat.  size. 
82.  Fragment  of  AnthoUthes. 
83.  Stigmaria  with  scars  in  rhombic  areoles. 
84.  Stigmaria  with  bark  divided  by  vertical  furroAvs  (var.  altcrnans), 

^  85.  Stigmaria  with  large  scars  in  elongated  areoles. 
86.  Stigmaria  with  elongated  scars  {Knonia  iorm). 
87.  Stigmaria  another  variety,  resembling  I)i2Jlofcgium. 
88.  Equisetites  curtus. 
89.  Calamitcs  Nova-scoticus. 

Figs.  54-64  inclusive  are  drawn  to  a  uniform  scale  of  90  diameters.    Figs.  83  (o 
87  are  taken  from  photographs,  and  are  two-thirds  the  natural  size. 

Plate  XIII. 

Fig.  90.  Aster ophyllites  trinervis ;  90  «,  portion  of  leaf  enlarged. 
91.  N<xggerathia  dispar,  one-half  natural  size. 
92.  Cyclopteris  hispida  ;  92  a,  portion  of  pinnule  magnified,  showing  haiiy 

surface  and  impressions  of  nervures. 
93.  Neuropteris  perelegans ;  a,  portion  magnified,  showing  venation. 
94.    cydopteroides. 
95.  Cyclopteris  antiqua. 
96.  Fhylloptcris  antiqua ;  96  a,  portion  magnified,  showing  venation. 
97.  Sphenopteris  munda ;  97  a,  portion  magnified. 
98.    latior ;  98  a,  pinnule  magnified,  showing  venation  and  sori. 
99.    Canadensis ;  99  a,  pinnule  magnified,  showing  venation. 

100  and  100  a  &  b.  Pinnules  of  Alethopteris  grandis;  100  a,  portion  raaj^- 
nified,  showing  venation. 

101.  Beinertia  Goepperti;  101  a,  pinnule  magnified,  showing  venation. 
102.  Ifiplotegiumrditsum;  102  «,  leaf-scar  magnified. 
103.  Lonchopteris  tenuis ;  103  a,  portion  enlarged,  showing  character  of  sur- face. 
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DONATIONS 

TO  THE 

LIBRARY  OF  THE  GEOLOGICAL  SOCIETY. 

From  October  1st  to  December  ^Ist,  1865. 

I.   TRANSACTIONS  AND  JOUENALS. 

Presented  by  the  respective  Societies  and  Editors. 

American  Philosophical  Society.     Proceedings.     Yol.  x.     No.  73. 

P.  W.  Sheafer. — Relative  Levels  of  Coal-  and  Oil-regions^  32. 
J.  P.  Lesley. — Petroleum  of  Kentucky,  33  (2  plates). 

Anglo -Brazilian  Times.    Annol.    No.  18.    October  24, 1865.    From 
the  late  G.  E.  Roberts,  Esq.,  F.G.S. 

Anthropological  Review.     Yol.  iii.     No.  11.     October  1865. 

Assurance  Magazine.     Yol.  xii.  Part  5.     October  1865. 

Athenaeum  Journal.     Nos.  1980-1992.     October  to  December  1865. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 
The  Stone  Age,  469,  736. 
Meeting  of  British  Association,  471,  506. 

T.  Austin's  'Millstone  Grit  and  its  Fossils,'  noticed,  501. 
J.W,  Salter  and  H.  Woodward's  '  Chart  of  Fossil  Crustacea,'  noticed, 

371. 

G.  Greenwood. — Arnott  versus  Murchison,  621. 
Petroleum  in  Canada,  698. 

Belfast  Field-Naturalists'  Club.     Reports  for  1863-64  and  1864-65. 
From  B.  Tate,  Esq.,  F.G.S. 

Berlin.  Zeitschrift  der  deutschen  geologischen  Gesellschaft.  Yol.  xvii. 
Heft  2.     February  to  April  1865. 

F.  Roemer. — Ueber  das  Yorkommen  von  Rhizodus  Hihberti,  Owen 
(Meffalichthys  Ifibberti,  Ageissiz  etHibbert),  in  den  Schieferthonen 
des  Steinkohlengebirges  von  Yolpersdorf  in  der  Grafschaft  Glatz, 
272  (plate). 
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Berlin.   Zeitschrift  der  deutschen  geologischen  Gesellschaft.  Vol.  xiv. 
Heft  2  (continued). 

Gr.  vom  Kath, — Ein  Besucli  der  Kupfergmbe  Monte  Catini  in  Toscana 
und  einiger  Punkte  ihrer  Umgebung,  277  (2  plates). 

A.  Kunth. — Die  losen  Versteinerungen  im  Diluvium  von  Tempelhof 
bei  Berlin,  311  (plate). 

H.  Hofer. — Tertiarconglomerat  im  Trachyte  zu  Nagyag,  333. 
K.  V.  Seebach. — Beitrage   zur  Geologie  der  Insel  Bomliolm,  338 

(plate). 
Websky. — Ueber  Quarz-Krystalle  von  Striegau  in  Scblesien,  348 

(plate). 
R.  Kicbter. — ^Aus  dem  tbiiringischen  Schiefergebirge,  361  (2  plates). 
O.  von  Albert. — Darstellung   der  geognostischen  Verhaltnisse   der 

Braunkoblen-Ablagerung  bei  Latdorf  in  Anhalt,  377  (plate). 
F.  A.  Roemer. — Bemerkungen  iiber  die  geognostiscbe  Colorining  der 

Karte  des  v^estlicben  Harzgebirges,  388. 
H.  Credner. — Geognostiscbe  Skizze  der  Umgegend  von  New  York, 

388. 

G.  vom  Ratb. — Ein  Besuch  Radicofani's  und  des  Monte  Amiata  in 
Toscana,  399  (plate). 

Bombay.     Geographical  Society.     Vol.  xvii.     1863-64.     1865. 

C.  Dodd. — Island  rising  out  of  the  Sea,  233. 
D.  J.  Kennelly. — Earthquake   in  the   North-western   part   of    the 
Bombay  Presidency,  288. 

Boston  Society  of  Natural  History.     Conditions  and  doings  as  exhi- 
bited by  the  Annual  Reports,  May  1865. 

Calcutta.  Asiatic  Society  of  Bengal.  Journal.   Part  II.  No.  2.  1865. 

H.  B.  Medlicott. — Notes  on  the  Sivalik  Fauna,  63. 
H.  H.  Godwin-Austen. — On  the  Sandstone  formation,  &c.,  near  Buxa 

Fort,  Bhootan  Dooars,  106  (plate). 

Canadian  Journal.     New  Series.    Yol.  x.    No.  59.    September  1865. 

Canadian  Naturalist  and  Geologist.    Yol.  ii.     No.  4.     August  1865. 

T.  MacFarlane. — Extraction  of  Copper  from  its  Ores  in  the  Humid 
Way.     Part  2,  241. 

  .     Geological  Sketch  of  the  Neighbourhood  of  Rossie,  267. 
r;:.  T.  S.  Hunt.— Chemistry  of  Mineral  Waters.     Part  3.,  276. 

J.  F.  Whiteaves. — Fossils  of  the  Trenton  Limestone  of  the  Island  of 
Montreal,  312. 

^  Geology  of  New  Brunswick,'  part  ii.,  noticed,  314. 

Chemical  Society.     Journal.     Second  Series.     Yol.  iii.     Nos.  33-35. 
September  to  November  1865. 

A.  H.  Church. — Chemical  Researches  on  some  new  and  rare  Cornish 
Minerals,  259. 

Colliery  Guardian.     Yol.  x.     Nos.  249-261.     October  to  December 
1865. 

Bone-cave  at  Ryhope  Colliery,  288. 
North  of  England  Institute  of  Mining  Engineers,  289. 
Mineral  lands  of  Illinois,  294. 
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Colliery  Guardian.     Vol.  x.     Nos.  249-261  {continued). 

Lake  Superior  iron,  295. 
New  Jersey  iron-ore  mines,  296. 
Dudley  and  Midland  Geological  Society,  296. 
Coal-mining  in  Bohemia,  349. 
Coal-fields  of  Mold  and  its  yicinity,  354. 
Lackawanna  Coal-field,  356. 
Discovery  of  coal  at  Winscomte,  369. 
Dudley  Geological  Society,  373. 
Haematite  deposits  in  Pembrokeshire,  376. 
Discovery  of  lead  in  the  Forest  of  Bowland,  376. 
Titaniferous  iron-sand  of  New  Zealand,  390. 
Schuylkill  Coal-field,  392. 
Geological  Society  of  London,  392,  431,  472. 
Coal-fields  of  Hawarden  and  Buckle}^,  393. 
Mineral-field  of  Southern  Illinois,  394. 
Gold-mining  in  New  Zealand,  396. 
Coal-discovery  in  Victoria,  414. 
Mount  Diablo  Coal-mines,  415. 
Manchester  Geological  Society,  431,  513. 
Iron  and  coal  in  Ohio,  496. 
South  Wales  Institute  of  Mining  Engineers,  516. 

Copenhagen.     Oversigt  over  det  Kongelige  danske  Videnskabernes 
Selskabs  Porhandlinger.     1864. 

Forchhanimer. — Om  yEdelforsit  og  nogle  andre  dertil  horende  Mine- 
ralier,  64. 

  .     Det  saakaldte  Kalktrisilicat  fra  Gjellebsek  ved  Drammen  i 
Norge,  71. 

  .     Den  parallel-traadige  eller  asbestagtige  Okeuit  fra  Nordgr(^n- 
land,  73. 

Edinburgh.  Eoyal  Society.    Proceedings.    Vol.  v.    No.  Q5.   1864-65. 

  .       .     Transactions.     Vol.  xxiv.  Part  1.     1864-65. 

W.  L.  Lindsay.— Tertiary  Coals  of  New  Zealand,  167. 

Geneva.    Memoires  de  la  Societe  de  Physique  et  d'Histoire  NatureUe. 
Vol.  xviii.     P^partie.     1865. 

P.  de  Loriol  et  A.  Jaccard. — Etude  geologique  et  paleontologique  de 

la  formation  d'eau  douce  infia-cretacee  du  Jura,  et  en  particulier 
de  Villiers-le-Lac,  63  (3  plates). 

Geological  Magazine.     Vol.  ii.     Nos.  16-18.     October  to  December 
1865. 

W.  Carruthers. — Undescribed  Cone  from  the  Carboniferous  Beds  of 
Airdrie,  Lanarkshire,  433  (plate). 

A.  H.  Green. — Supposed  Ice-scratches  in  Derbyshire,  440. 

G.  H.  Kinahan. — Preglacial  (?)  Drift  in  Queen's  County,  442. 
S.  Haughton's  ̂ Manual  of  Geology,'  noticed,  449. 
G.  F.  Browne's  ^Ice-caves  of  France  and  Switzerland,'  noticed,  449. 
G.  Burmeister's  ^Annals  of  the  Museum  of  Buenos  Ayrcs,'  noticed, 451. 

N.  "Whitley's  '  Flint  Implements  from  Drift,  not  authentic,'  noticed, 455. 
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Geological  Magazine.     Vol.  ii.     Fos.  16-18  (continued). 

W.  B.  Dawkins. — Paleeontology  of  the  Rlieetic  (Penartli)  Beds  in 
Western  and  Central  Somerset,  481. 

W.  Carrutliers. —  Caulopteris  imndata,  Goepp.,  a  tree  fern  from  the 
Upper  Greensand  of  Shaftesbury  in  Dorsetshire,  484  (plate). 

A.  L.  Adams. — History  of  the  Discoyery  of  the  Fossil  Elephant  of 
Malta,  488. 

T.  Harrison. — Geology  of  Hobart  Town,  491. 
D.  Mackintosh. — Notes  on  Charnwood  Forest,  498. 

R.  B.  Foote's  '•  Occurrence  of  Stone  Implements  in  Lateritic  For- 
mations in  various  parts  of  Madras  and  North  Arcot  Districts,' 

noticed,  503. 

T.  Codrington's  ̂ Geology  of  the  Berks  and  Hants  Extension  and 
Marlborough  Railways,'  noticed,  504. 

H.  Seeley. — Section  discovering  the  Cretaceous  Beds  at  Ely,  529. 
G.  E.  Roberts. — Rocks  and  Minerals  of  Finland,  534. 
F.  E.  Edwards. — New  Eocene  Species  of  Cyprcea  and  IlargineUa,  536 

T.  Grindley.— Tracks  in  the  Manx  Slates,  542. 
W.  K.  Parker  and  T.  R.  Jones's  '  Foraminifera  from  the  North 

Atlantic  and  Arctic  Oceans,  including  Davis's  Straits  and  Baffin's 
Bay,'  noticed,  548. 

W.  S.  Jevons's  ̂   Coal  Question :  an  Inquiry  concerning  tlie  Progress 
of  the  Nation  and  the  probable  Exhaustion  of  our  Coal-mines,' 
noticed,  550. 

T.  Austin's  ̂ Millstone  Grit,  its  Fossils,  (fcc.,'  noticed,  552. 
G.  C.  Haswell's  '  Silurian  Formation  in  the  Pentland  Hills,'  noticed, 553. 

T.  C.  Winkler's  '  Musee  Zeyler.  Catalogue  Systematique  de  la  Col- 
lection Paleontologique,'  noticed,  555. 

Notices  of  British  and  Foreign  Memoirs,  444,  501,  544. 
Reports  and  Proceedings,  456,  508. 
Correspondence,  471,  520. 
Miscellaneous,  478,  528. 

Geological  and  Natural  History  Repertory.    Vol.  i.    Nos.  6-8.    Oc- 
tober to  December  1865. 

Meeting  of  British  Association^  141. 

J.  Lubbock's  ^  Prehistoric  Times,'  noticed,  85. 
S.  J.  Mackie. — Summer  Rambles — A  day  at  Aldington  and  Court- 

at-street,  111. 
R.  Tate. — Descriptive  catalogue  of  the  Pterocerge  of  the  Cretaceous 

Rocks,  91. 
Proceedings  of  Societies,  201. 
Correspondence,  201. 

Giessen.     Elfter  Bericht  der  Oberhessischen  Gesellschaft  fiir  Natur- 
iind  Heilknnde.     1865. 

Glasgow  Geological  Society.     Proceedings.     Vol.  ii.  Part  1.     1865. 

A.  Geikie. — Origin  of  the  Present  Scenery  of  Scotland,  4. 
J.  Young. — Nev/  Chiton  and  new  Chitonellvs  from  the  Carboniferous 

Rocks  of  Western  Scotland,  13. 

J.  Thomson. — On  a  Chiton  plate  and  Entomostraca,  15. 
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Glasgow  Geological  Society.    Proceedings.  Vol.  ii.  Part  1  (continued). 

J.  Russell. — Reptilian-remains  from  black-band  ironstone,  Airdrie, 
16. 

J.  Bryce. — Age  of  certain  Trap-Rocks  in  the  neighbourhood  of 
Glasgow^  17. 

H.  W.  Crosskey. — Section  near  Inch-na-Damff,  19. 
A.  T.   Machattie. — On  Metamorphism,  with  special  reference  to 

Chemical  Changes  in  Rocks,  20. 
J.  Armstrong. — Two  new  species  of  Cypricardia  from  the  Carbo- 

niferous Limestone  of  Lanarkshire,  28. 
A.  Armour. — Fish-remains  from  Cambuslang,  29. 
J.  Dougall. — Ancient  Sea-margins  around  Glasgow,  30. 
J.  Yoimg. — Peculiar  varieties  of  Old  Red  and  Carboniferous  Sand- 

stones from  near  Glasgow,  33. 

J.  W.  Young. — Analysis  of  Ferrite,  a  new  red  mineral  from  Paisley,  36. 
J.  Young. — Occurrence  of  Rhizodus  Hibherti  in  Carboniferous  Strata 

near  Glasgow,  38. 

J.  Reid. — Continuous  internal  movements  in  the  earth's  crust,  40. 
R.  W.  Skipsey. — Position  and  Character  of  several  of  the  Igneous 

Rocks  and  Minerals  in  the  northern  front  of  the  Cathkin  HiUs,  41. 

H.  W.  Crosskey. — Glacial-deposits  of  the  Clyde  District,  45. 
R.  W.  Skipsey. — Discovery  of  Carboniferous  Limestone  Fossils  in 

the  Upper  Coal-measures  to  the  east  of  Glasgow,  52. 
J.  D.  Campbell. — Results  of  the  Ice-action  in  Scotland  and  Switzer- 

land, 54. 

J.  Sutherland. — Quartz  and  its  mode  of  formation,  56. 
G.  Somerville. — Geological  Features  of  the  Country  around  Jeru- 

salem, 61. 

J.  W.  Young. — Presence  of  Magnesia  in  Rocks,  64. 
J.  Bryce. — Earthquake  District  of  the  County  of  Perth,  70. 
T.  R.  Jones. — New  species  of  Estheria  from  the  Carboniferous  Lime- 

stone of  Thornlierank,  Renfrewshire,  71. 
J.  Young. — Estheria  punctatella,  72. 
J.  Armstrong. — Discovery  of  thg  Teeth  of  Dithyrocaris,  73. 
— — .     Two  new  species  of  Shells  from  the  Carboniferous  Limestone 

of  Clydesdale,  74. 
J.  Thomson. — Geology  of  Campbeltown  District,  76  (plate). 
J.  W.  Young. — Analysis  of  Minerals  from  Campbeltown,  89. 
H.  W.  Crosskey. — Address,  90. 

Heidelberg.    Verhandlungen  des  naturhistorisch-medizinischen  Ver- 
eins.     Yol.  iv.     No.  1.     1865. 

C.  W.  C.  Fuchs. — Ueber  die  Entstehung  einiger  Mineralien,  16. 

Institution  of  Civil  Engineers.     Abstracts  of  Proceedings.     Nos.  1 
&  3.     Session  1865-66: 

Intellectual  Observer.    Vol.  viii.    Nos.  45-47.    October  to  December 
1865. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

S.  Haughton's  '  Manual  of  Geology,'  noticed,  199. 
H.  Emanuel's  ^Diamonds  and  Precious  Stones,'  noticed,  216. 
Meeting  of  the  British  Association,  236. 

H.  Woodward. — Shield-bearing  Crustacea  (Recent  and  Fossil),  321 
(plate). 

T.  M.  Hall.— Flint  Tools  of  North  Devon,  350  (2  plates). 
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Linnean  Society.  Journal  of  Proceedings.  Vol.  viii.  Nos.  31  &  32. 
1865. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  Fourth 
Series.  Yol.  xxx.  Nos.  203-205.  October  to  December  1865. 
From  Dr.  W.  Francis,  F.  G.S. 

J.  Prestwich. — Raised  Beach  of  Sangatte,  &c.,  378. 
C.  Le  N.  Foster  and  W.  Topley. — Superficial  Deposits  of  the  Medwaj 

and  Denudation  of  the  Weald,  379. 
E.  Lartet. — On  Ovihos  moschatus,  Blainville,  379. 
J.  W.  Salter. — Additional  Fossils  from  the  Lingiila-flags,  380. 
H.  Woodward. — New  genus  of  Cirrijoedia  in  the  Wenlock  Shale  of 

Dudley,  380. 
  .     New  species  of  Eurypterida,  380. 
  .     New  genus  of  Eurypterida  from  the  Lower  Ludlow  Rocks  of 

Leintwardine,  Shropshire,  381. 
H.  Godwin- Austen. — Carboniferous  Rocks  of  Kashmere,  381. 
W.  B.  Dawkins. — Mammalian  Remains  found  by  E.  Wood,  Esq.,  near 

Richmond,  Yorkshire,  382. 

J.  Tyndall. — Professor  Helmholtz  on  Ice  and  Glaciers,  393. 
R.  A.  0.  Godwin- Austen. — Submarine  Forest-beds  in  Porlock  Bay, 

452. 

R.  B.Watson. — Marine  Origin  of  the  "  Parallel  Roads"  of  Glen  Roy, 452. 

London  Review.  Yol.  xi.  Nos.  275-287.  October  to  December 
1865. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

^  Frost  and  Fire,'  noticed,  415. 
R.  M.  G.  Browne's  ^Astronomical  Geology,'  noticed,  700. 

Manchester  Geological  Society.     Yol.  v.     Nos.  8-11.     1864-65. 

Brequet. — Dumas'  Lamp,  for  the  use  of  miners,  131. 
J.  J.  Horsfall. — Pit-head  frames,  142  (4  plates). 
E.  W.  Binney. — Objects  of  the  Manchester  Geological  Society,  158. 

Materiaux  pour  I'histoire  positive  et  philosophique  de  I'Homme. 
2®  Annee.     September  1865.     From  M.  G.  de  MortiUet. 

Delesse  et  Laugel's  ̂   Revue  de  Geologic  pour  les  annees  1862  et 
1863,'  noticed,  9. 

P.  Strobel  et  L.  Pigorini's  ̂ Le  Terremare  e  le  palafitte  del  Par- 
mense,  seconda  relazione,'  noticed,  14. 

L.  Pigorini's  '■  Le  abitazioni  di  Fontanellato  dell'  epoca  del  ferro,' 
noticed,  21. 

  '  Palafitta  sopra  terra  ud  all''  ascietto  di  Castellazzo  di  Fonta- 
nellato,' noticed,  24. 

J.  Lubbock's  ^  Pre-historic  Times,  as  illustrated  by  ancient  remains 
and  the  manners  and  customs  of  modern  savages,'  noticed,  25. 

A.  Milne-Edwards's  'Faune  ornithologique  de  I'epoque  quaternaire,' 
noticed,  25. 

J.  Delanoue's  ^Habitations  lacustres  dans  I'interieur  de  la  France,' 
noticed,  28. 

Bourgeois's  '  Note  sur  le  dihivium  de  Yendome,'  noticed,  29. 
D'Archiac's  ^Note  sur  I'existence  de  restes  organiques  dans  les 

roches  laurentiennes  du  Canada,'  noticed,  31. 
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Materiaux  pour  I'histoire  xjositive  et  philosophique  de  rHomme. 
2^  Annee.     September  1865  (continued). 

V.  Meunier's  '  La  science  et  les  savants  en  1865/  noticed,  S3. 
E.  Eobert's  ̂ Nouvelles  observations  critiques  sur  la  pretendue  co- 

existence de  rHomme  avec  les  grandes  especes  eteintes  de  pacb}-- 
dermes,  ainsi  que  sur  Tage  de  pierre/  noticed^  37. 

Bourgeois. — Poignard  en  silex  trouve  a  Pontlevoy,  41. 
G.  Ramorino. — Ossements  pliocenes  avec  diverses  impressions,  41. 
J.  B.  Noulet's  '  Fossiles  et  cailloux  travailles  des  depots  quaternaires 

de  Clermont  et  de  Venerque/  noticed,  42. 

Lartet. — Lame  d'ivoire  fossile  trouvee  dans '  un  gisement  ossifere  du 
Perigord,  et  portant  des  incisions  qui  paraissent  constituer  la  re- 

production d'un  Elephant  a  longue  criniere,  46. 
De  Vibraye. — Sur  la  reproduction  en  bois  de  Penne  d'une  tete  (pre- 

sumee)  de  Mammouth  et  sur  quelques  morceaux  d'ivoire  travaille 
provenant  plus  particulierement  des  stations  du  Perigord,  49. 

Laube. — Apparition  et  disparition  des  formes  animales,  56. 
Guyon. — Origiue  des  Kabyles  ou  Berberes,  57. 
Cliarvet. — Exposition  anteliistorique,  57. 

Medical  Press.     Second  Series.     Yol.  xii.     No.  303.     October  11, 
1865. 

Melbourne.    Poyal  Society  of  Yictoria.   Transactions.  Vol.vi.   1861- 
64.     1865. 

J.  E.  Woods. — Tertiary  Fossils  of  South'  Australia^  3. 
T.  S.  Palph. — Drysodil  from  Tasmania,  7. 
E.  McCoy. — Dijyrotodon,  25. 
W.  B.  Clarke. — Coal-seams  near  Stony  Creek,  West  Maitland  Dis- 

trict, 27. 
  .     Geology  of  the  Maranoa  District,  32. 
F.  McCoy. — Fossils  from  Wollumbilla,  42. 
H.  Watts.— Fossil  Polyzoa,  82. 
T.  Harrison. — Geology  of  Hobart  Town,  131. 

Moscow.     Bulletin  de  la  Societe  Imperiale  des  Naturalistes.     Vol. 
xxxvii.     Nos.  2-4.     1864. 

H.  Pomanowsky. — Description  de  quelques  restes  de  poissons  fossiles, 
trouves  dans  le  calcaire  carbonifere  du  gouvernement  de  Toula, 
157  (2  plates). 

  .     .   .     Yol.xxxviii.     No.  1.     1865. 

H.  Trautschold. — Der  Inoceramen-Thon  von  Ssimbirsk,  1. 

IlandrikofF. — Solution  d'un  problems  fondamental  de  Geodesie,  246. 

_.       .     Yol.  xxxviii.     No.  2.     1865. 

R.  Hermann. — ^Ueber  die  .Zusammensetzung  von  WoMerit,  Aeschy- 
nit,  und  Euxenit,  sowie  Bemerkungen  liber  Zirkonerde,  465. 

Munich.     Sitzungsberichte  der  konigl.-bayer.  Akademie  der  Wissen- 
schaften.     Yol.  ii.  Hefte  1  &  2.     1865. 

Y.  Kobell. — Ueber  einen  Brochantit  aus  Chile,  70. 

New  York.     American  Geograx)hical  and  Statistical  Society,    Yol.  ii. 

Nos.  3  &  4.     1863-64. 
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Nova  Scotian  Institute  of  Natural  Science.     Proceedings  and  Trans- 
actions.    Yol.  ii.  Part  3.     1864-65. 

W.  Gossip. — Antiquity  of  Man,  80. 
H.  How. — Economic  Mineralogy  of  Nova  Scotia.     Part  ii.  Ores  of 

Manganese  and  their  Uses^  128. 

Contorted  Quartz  at  Laidlaw's  "Diggins/'  142. 

Padova.   Rivista  Periodica  dei  Lavori  della  I.H.  Accademia  di  Scienze, 
Lettere  et  Arti,     Yol.  i.     Nos.  1-4.     1851-53. 

Marchand. — Sulle  acque  naturali  e  loro  origine  geologica,  29. 
De  Zigno. — Sui  terreni  jurassici  delle  Alpi  venete^  187. 
  .     Sulle  Cicadee  fossili  delle  Oolite^  345. 

  .       .     Yol.  ii.     Nos.  5&6.     1853-54. 

  .       .    Yol.  iii.     Nos.  7  &  8.     1854-55. 

De  Zigno. — Sulle  ossa  fossili  di  Rinoceronte;  trovate  in  Italia,  116. 

-.       .     Yol.  iv.     Nos.  9  &  10.     1855-56. 

Massalongo. — Descrizione  di  alcuni  Fuclii  fossili  della  Calcaria  del 
Monte  Spilecco  neUa  Provincia  Yeronese,  207  (6  plates). 

-.       .     Yol.  V.     Nos.  11  &  12.     1856-57. 

De  Zigno. — Sui  resti  fossili  dei  pesci  trovati  nel  Yeneto,  21. 

-.       .     Yol.  vi.     Nos.  13  &  14.     1857-58. 

Ronconi. — ^Delle  probabili  condizioni  fisico-dinamiclie,  le  quali  pos- 
sono  avere  accompao-nato  nelle  epoclie  geologiche  la  solidificazione 
delle  sostanze  organiclie  e  vegetal!.     Part  1.,  59. 

-.       .     Yol.vii.     Nos.  15&16.     1858-59. 

De  Zigno. — Delle  Alghe  e  delle  Calamarie  dei  terreni  oolitici,  97. 
Molin. — Delia  CoUezione  dei  pesci  fossili  di  monte  Bolca;  conservati 

nel  GaMnetto  della  I.R.  Universita  di  Padova,  261. 

-.       .     Yol.  viii.     Nos.  17  &  18.     1859-60. 

-.       .     Yol.  ix.     Nos.  19  &  20.     1860-61. 

De  Zigno. — Cenni  sulla  costituzione  geologica  dei  Monti  Euganei;  93. 

_.      .     Yol.  X.     Nos.  21  &  22.     1861-62. 

Yol.  xii.     Nos.  23  &  24.     1862-63. 

De  Zigno. — Sopra  i  deposit!  di  p!ante  fossili  dell' America  settentrio- 
nale,  delle  Indie  e  dell' australia  che  alcuni  autori  riferirono  all' 
epoca  oolitica,  139. 

-.   .     Yol.  xiii.     Nos.  25  &  26.     1863-64. 

Palermo.      Giornale  di  Scienze  Naturali  ed  Economiche.     Yol.  i. 
Ease.  2.     1865. 

G.  G,  Gemmellaro. — Nota  sopra  una  SphcsniUtes  del  turon!ano  di 
Sicilia,  151  (plate). 
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Paris.     Bulletin  de  la  Societe  Geologique  de  France.     Deuxieme 
Serie.     Yol.  xxii.  Feuilles  17-26.     1865. 

L.  Pareto. — Sur  les  subdivisions  que  I'on  poui-rait  etalblir  dans  les 
terrains  tertiaires  de  I'Apennin  septentrional,  267. 

L,  Vaillant, — Sur  la  constitution  geologique  de  quelques  terrains  aux 
environs  de  Suez,  277  (plate). 

E.  Dumortier. — Fossiles   decouverts    dans    un    gisement    a    Lyon 
(Rlione),  287. 

J,  Marcou. — Le  Niagara  quinze  ans  apres,  290  (plate). 
Em.  Benoit. — Sur  les  ablations  et  depots  superficiels  ant^rieurs  a 

I'epoque  quaternaire  dans  le  Jura  meridional,  300. 
G.  de  Mortillet. — Age  des  debris  dJElephas  primigenius  trouves  pres 

de  Tenay  (Ain),  305. 

A.  Boue. — Approvisionnement  d'eau  pour  Vienne  (Autricbe),  309. 
E.  Renevier. — Geologic  du  massif  de  I'Oldenborn  et  du  col  du  Pillon, 314. 

Virlet  d'Aoust. — Sur  une  faune   pyreneenne  nouvelle  des   lignites 
miocenes  d'Orignac  (Hautes-Pyrenees). — Ophites  des  environs  de 
Bagneres-de-Bigorre,  etc.,  318. 

Ed.  Lartet. — Sur  une  dent  molaire  et  une  portion  de  crane  d'Ovibos 
moschatus,  334. 

Ch.  Martins. — Le  Spitzberg. — Tableau  d'un  arcbipel  a  I'epoque  gla- 
ciaire,  336. 

E.  Desor. — Sur  la  disposition  des  massifs  cristallins  des  Alpes  ou 
zones  d'affleurement,  354  (plate). 

A.  Leymerie.— Sur  I'etage  garumnien,  360. 
J.  Martin. — Etage  rbsetien  a  Avicula  contorta,  etc.,  369. 
F.  Garrigou. — Etude  comparative  des  alluvions  quaternaires  anciennes 

et  des  cavernes  a  ossements  des  Pyrenees,  396. 

G.  de  Mortillet. — L'industrie  des  pierres  a  Aisil  et  les  silex  tallies  du 
Grand-Pressigny,  402. 

L'abbe  Lambert. — Decouverte  d'une  brecbe  osseuse  dans  le  calcaire 
grossier  inferieur  a  Trosly-Loire  (Aisne),  404. 

A.  Damour. — Sur  un  hydrate  d'alumine  ferrugineuse  trouve  dans  I'ile 
d'Egine  (Grece),  413. 

Photographic  Journal.    Yol.  x.    Nos.  162-164.    October  to  December 
1865. 

Prague.  Erster  Jahres-Bericht  iiber  die  Wirksamkejlt  der  beiden 
Comities  fiir  die  naturwissenschaftliche  Durchforschung  von  Boeh- 
men  im  Jahre  1864.     1865. 

Quarterly  Journal  of  Microscopical  Science.  Yol.  xiii.  No.  20.  Oc- 
tober 1865, 

Quarterly  Journal  of  Science.     Yol.  ii.     No.  8.     October  1865. 

H,  M.  Jenkins. — Strata  identified  by  Organic  Remains^  622  (plate). 
R.  Hunt.— British  Gold,  635. 
Chronicles  of  Science,  644. 
Meeting  of  British  Association,  727. 
D.  T.  Ansted. — Petroleum-springs  of  the  Crimea  and  Shores  of  the 

Sea  of  Azof,  755. 
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Eeader.     Yol.  vi.     IS'os.  145-157.     October  to  December  1865. 
Notices  of  Meetings  of  Scientific  Societies,  &c. 
Meeting  of  British  Association,  406,  434,  463,  490,  519,  546. 
O.  Fisher. — The  Glacial  Submergence,  410,  521. 
J.  CroU. — Physical  Cause  of  the  Submergence  of  the  Land  during 

the  Glacial  Epoch,  435. 
H.  Pratt. — The  Glacial  Submergence,  436. 
Quartz  and  Felspar,  462. 
S.  V.  Wood,  jun. — On  the  Glacial  Submergence,  465. 

J.W.  Salter  and  H.Woodward's  ^  Chart  of  j'ossil  Crustacea,'  noticed, 545. 

J.  CrolL— The  Glacial  Submergence,  630,  659. 

E-oyal  Astronomical  Society.    Memoirs.    Yol.  xxxiii.    Session  1863- 
64.     1865. 

Royal  Horticultural  Society.    Proceedings.    Yol.  v.    No.  8.    August 
to  November  1865. 

Koyal  Institution.     Proceedings.     Yol.  iv.  Parts  5  &  6.     1865. 

A.  0.  Hamsay. — The  Eozoon  and  the  Laurentian  Rocks  of  Canada 
374. 

Royal  Irish  Academy.     Proceedings.     Yol.  ix.  Part  1.     1865. 

  .     Transactions.    Yol.  xxiv.    Polite  Literature.  Part  2.     1865. 

  .       .     Yol.  xxiv.     Science.  Parts  4  &  6.     1865. 

  .   .     Yol.  xxiv.     Antiquities.  Parts  2-4.     1864-65. 

Royal  Society.     Proceedings.     Yol.  xiv.     No.  78.     1865. 

St.  Petersburg.    Academie  Imperiale  des  Sciences.    Bulletin.   Yol.vii. 
Nos.  3-6.     1864. 

P.  Semionof  et  Y.  MoUer. — Sur  les  couches  devoniennes  superieures 
de  la  Russie  centrale,  227  (4  plates). 

N.  Kokcharof. — Mesures  d'un  cristal  particulierement  regulier  de 
Tanorthit  du  Yesuve,  326. 

J.  F.  Brandt. — Decouverte  de  deux  molaires   d' JElasmotherium  au 
gouvernement  de  Saratof,  352. 

Due  N.  de  Leuchtenberg. — Sur  la  composition  du  pyrite  magnetique 
de  Bodenmais,  403. 

N.  Kokcharof — Sur  le  Lepolithe,  405. 
M.  Pusyrewsky, — Le  mineral  de  fer  provenant  du  puits  art^sien  de 

St.  Petersbourg,  474. 

J.  F.  Brandt. — Sur  les  restes  trouves  jusqu'a  present  de  V Elasmothe- 
rium,  480. 

  .       .   .     Yol.  viii.     Nos.  1-6.     1864. 

A.  de  Yolborth. — Sur  le  Baerocrinus,  une  nouvelle  espece  de  crinoide, 
trouvee  en  Esthonie,  177  (plate). 

M.  Helmersen. — Le  puits  artesien  a  St.  Petersbourg,  185  (plate). 
F.  Schmidt. — Recherches  sur  les  phenomenes  produits  par  la  periode 

de  glaces  en  Esthonie  et  a  I'ile  d'Oesel,  339  (plate). 
N.  Kokcharof. — Notice  sur  le  pyroxene  russe,  371. 
H.  Moritz, — Les  tremblements  de  terre  dans  la  Caucasie,  384. 
G.  de  Helmersen. — Le  bassin  houillier  de  Donetz,  et  son  avenir  in- 

dustriel,  465. 
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St.  Petersl)urg.   Acaddmie  Imperiale  des  Sciences.    Memoires.   Vol.  v. 
No.  1.     1862. 

  .       .   .     Vol.  vii.     Nos.  1-9.     1863-G4. 

N.  V.  Kokscharow. — Ue"ber  den  Lepolitli. 
  .       .   .     Yol.  viii.     Nos.  1- 

J.  F.  Brandt. — Observations  de  Ulasmotherii  mHqniis  (5  plates). 
N.  V.  Kokscliarow. — Notiz  liber  den  Chiolith. 

A.  vonVolbortli. — Ueber  einige  neue  estbandische  Illsenen  (2  plates). 
H.  Struve. — Die  artesiscben  Wasser  und  untersiluriscben  Thone  zu 

St.  Petersburg-. 
N.  V.  Kokscbarow. — ^Bescbreibung  einiger  Topas-krystalle. 
  .     Monograpbie  des  Russiscben  Pyroxens  (5  plates). 

Society  of  Arts.     Journal.    Vol.  xiii.     N^os.  672-677.     October  and November  1865. 

Notices  of  Meetings  of  Scientific  Societies^  &c. 
Meeting  of  Britisb  Association^  730. 

  .   .    Vol.  xiv.     Nos.  678-684.     November  and  December 
1865. 

J.  B.  Denton. — Water-supply,  17. 
Copper-mines  in  New  Soutli  Wales^  63. 

Sydney  Morning  Herald.    Vol.  Hi.     No.  8517.     September  7, 1865. 
From  W.  Keene,  Esq.,  F.G.8. 

W.  Keene. — Petroleum  Coal-seams,  5. 

Tasmania.     Royal  Society.     Montbly  Notices  of  Papers  and  Pro- 
ceedings.    1863. 

T.  Stepbens. — Coal-seam  at  Mangana. 
F.  R.  Chesney. — ^Volcanic  Action  in  New  Zealand  (map). 

  .   .   .     1864. 

S.  H.Wintle. — Post-Tertiary  Sbell-deposits  around  Hobart  Town,  32. 

  .   .     Reports  for  1863  and  1864. 

Vienna.     Kaiserlicbe  Akademie  der  Wissenscbaften.     Abstracts  of 

Proceedings.     Nos.  21-26.     1865. 

Peters. — Aus  den  tertiiiren  und  secundiiren  Scbicbten  der  Dobrudscha, 152. 

A.  E.  Reuss. — Die  Foraminiferen  und  Ostracoden  der  Kreide  am 
Kanara-See  bei  Kustendscbe,  167. 

A.  Boue. — Ueber  das  Zusammentreffen   fossiler  Ueberbleibsel   aus 
mehreren  Classen  der  organiscben  Welt,  182. 

  .    Sitzungsberiebte  der  kaiserlicben  Akademie  der  AVissenscbaf- 
ten.    Matbematisch-naturwissenschaftliche  Classe.    Vol.  1.    Erste 
Abtbeilnng.     Hefte  2-b.     1864-65. 

Reuss. — Ueber  einige  Antbozoen  der  Kossener  Scbicbten  und  der 
alpinen  Trias,  153  (4  plates). 

  .     Ueber  Antbozoen  und  Bryozoen  des  Mainzer  Tertiarbeckens, 
197  (3  plates). 
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Vienna.  Sitziingsberichte  der  kaiserlichen  Akaclemio  cler  "Wissen- schaften.  Mathematisch-naturwissenschaftlichc  Classe.  Vol.  1. 

Erste  Abtheilung.     Hefte  2-5  {continued). 

Peters. — ^Vorlaufiger  Bericlit  iiber  eine  geologisclie  Untersucliung  der 
Dobrudscha,  228. 

Laube. — Die  Fauna  der  Scbicbten  von  St.  Cassian.     Ein  Beitrag  zur 
Palaontologie  der  alpinen  Trias,  319. 

V.  Zepbarovich. — Die  Anglesit-Krystalle  von  Scbwarzenbach  und 
Miss  in  Karnten,  369  (plate). 

Tsehermak. — Cbemiscb-mineralogiscbe  Studien.     I.  Die  Feldspath- 
gruppe,  566  (2  plates). 

Reuss. — Zur  Fauna  des  deutschen  Oberoligocans.    II.  Abtbeilung, 
614  (10  plates). 

Karrer. — Ueber  das  Auftreten  der  Foraminiferen  in  den  Mergeln  der 
marinen  Uferbildungen  (Leytbakalk)  des  Wiener  Beckens^  692 
(2  plates). 

  .     Vol.  1.     Zweite  Abtbeilung.     Hefte  1-5. 
1864-65. 

E.  Ludwig. — Cbemische  Analyse  der  Mineralquellen  von  Jobannis- 
brunn  in  Mahren,  247. 

Scbrotter. — Ueber  ein  vereinfacbtes  Verfabren,  das  Litbium,  Rubi- 
dium, Casium  und  Thallium  aus  den  Litbionglimmern  zu  gewinnen, 

268. 

Haidinger. — Ein  vorbomeriscber  Fall  von  zwei  Meteoreisenmassen 
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The  following  communications  were  read  :■ — 

1.  On  the  so-called  "  Eozoonal  Eock."  By  Professors  William  King 
and  T.  H.  Rowney,  of  the  Queen's  University  in  Ireland,  and  the 
Queen's  College  in  Gal  way*. 

[Communicated  by  Sir  Eoderick  I.  Murchison,  Bart.,  K.C.B.,  &c.] 

[Plates  XIV.  &  XV.] 

Contents. 
I.  Introduction. 

■  II.  General  description  of  the  che" mical,  mineral,  and  structural 
characters  of  Grenville  "Eo- 
zoonal"  Ophite. 

III.  General  characters  of  ̂' Eozoon 
Canadense,'^  including  remarks 
on    Connemara    "Eozoonal" 
Ophite. 

IV.  "  Proper  wall "  of  "  Eozoon  Ca- 
nadense : "  its  variations. 

V.  "Canal-system,"     including     a 

general  description  of  "Eozoo* 
nal "    Ophite     from    various 

places. VI.  "  Stolon-passages." 
VII.  "  Sarcode-chambers." 

VIII.  "Intermediate"     or     "supple- 

mentary skeleton." IX.  Geological  evidences  bearing  on 
the  nature  of  "  Eozoon  Cana- 

dense." 
X.  Summary  of  evidences. 
XI.  Conclusion. 

I.  Introduction. 

Our  attention  was  first  directed  to  the  subject  of  the  present  memoir 
by  the  communications  of  Sir  William  Logan,   Dr.  Dawson,  and 

*  Since  the  reading  of  this  paper,  it  has  been  revised  and  augmented,  by  per- mission of  the  Council. 
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Dr.  Sterry  Hunt,  read  at  the  Bath  meeting  of  the  British  Association, 
*'  On  the  Occurrence  of  Organic  Kemains  in  the  Lauren tian  Rocks  of 
Canada."  Besides,  one  of  us,  when  in  London  last  January,  ex- 

amining specimens  of  the  ''  remains  "  in  question,  and  observing  how 
closely  the  rock  containing  them  resembled  the  Ophite*  of  Conne- 
mara,  was  led  to  suspect  an  identity  of  origin  for  both  deposits. 
Our  interest  in  the  matter  was  further  excited  on  reading  an 

announcement  in  the  '  Geological  Magazine 'for  last  February,  of  the 
discovery  by  Mr.  W.  A.  Sandford,  "■  verified  "  by  Professor  T.  Rupert 
Jones,  of  "  Eozoonal  structure  in  the  Connemara  marble"  f. 

Considering  that  we  resided  near  the  locality  which  yielded  the 
latter  rock,  and  that  the  determination  whether,  or  not,  it  had  resulted 

from  the  growth  of  "  Eozoon  Canadense'^  would  enable  us  to  form  a 
positive  opinion  as  to  the  age  of  the  great  metamorphic  masses  with 
which  it  is  interstratified,  we  felt  ourselves  called  upon  to  undertake 
an  investigation  promising  so  important  a  result  J. 

"We  commenced  with  no  misgivings  as  to  the  "  eozoonal "  origin of  the  Canadian  Ophite,  while  our  faith  in  the  conclusion  come 
to  by  Sir  Wilham  Logan,  and  his  able  coadjutors,  was  strengthened 
by  subsequently  reading  the  masterly  papers  which  appeared  in 

No.  81  of  the  '  Quarterly  Journal  of  the  Geological  Society.'  Very 
few  having  any  knowledge  of  the  construction  of  the  calcareous 
encasements  of  the  various  foraminifers,  whether  characterizing  the 
simple  nubecularias  or  the  complex  nummulinas,  could  rise  from 
the  perusal  of  those  papers  without  feeling  more  or  less  disposed  to 
adopt  the  view  that  the  Canadian  Ophite  had  originated  from  the 
superpositional,  but  otherwise  indefinite,  mode  of  growth  of  a  gigantic 
sessile  spreading  representative  of  the  lowest  known  group  of  animals, 
or  without  admitting  that  the  view  was  based  on  sound  reasoning 
and  deep  thought. 

*  The  names  ophite  and  serpentine  have  been  indifferently  employed  by  geo- 
logists for  the  rock  under  description  and  some  others  allied  to  it ;  but  the  first 

one,  which  was  used  by  Yitruvius,  having  priority,  we  have  determined,  after 
some  consideration,  on  employing  it ;  and  as  the  second  is  generally  applied  by 
mineralogists  to  the  essential  (silicated)  mineral  of  Ophite,  we  shall  restrict  it  to 
this  application  in  the  present  memoir.  By  adopting  this  plan  much  confusion 
will  be  avoided,  especially  as  many  mineralogists  and  geologists  are  in  the  habit 
of  calling  both  the  rock  and  its  essential  mineral  by  the  name  of  serpentine. 
Had  it  been  necessary  to  call  the  rock  serpentine,  the  name  retinalite  (as  will  be 
seen  hereafter)  might  have  been  retained  for  the  mineral. 

t   Op.  cit.  vol.  ii.  p.  88. 
J  Sir  Eoderick  I.  Murchison  (Siluria,  2nd  edit.  p.  192)  and  Professor  Harkness 

(Geological  Magazine,  vol.  ii.  pp.  147,  148)  are  of  opinion  that  the  Connemara 

metamorphic  rocks  are  "  Lower  Silurian."  From  their  discordance,  both  in 
strike  and  dip,  with  the  overlying  Upper  Silurian  beds,  their  highly  altered  con- 

dition, compared  with  the  latter  deposits  (both  of  which  circumstances  favour 
a  greater  chronogeological  gap  than  is  sanctioned  by  the  opinion  stated),  and 
their  being  devoid  of  Lower  Silurian,  Upper  Cambrian,  or  other  fossils,  one  of 

us  placed  them,  in  an  edition  of  his  '  Synoptical  Table  of  Aqueous  E-ock -groups,' 
in  the  "  Lower  Cambrian  system — Sedgwick  (?  Huronian,  Logan)  "—thus, 
"  ?  Cliffden  (Connemara)  Quartzites."  This  edition  was  printed  in  1862,  by 
Mr.  S.  J.  Mackie,  F.G.S.,  editor  of  the  '  Geologist,'  and  is  entitled  "  Student's 
Series,  No.  21." 
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II.   General  Descrijytion  of  the  Chemical,  Mineral,  and  Structural 

Characters  of  Orenville  "  Eozoonal  "  Ophite. 
In  a  chemical  point  of  view  this  rock  consists  essentially,  ls|_,  of 

hydro -magnesian  silicates,  the  base  being  often  more  or  less  com- 
bined with  alumina  or  iron-protoxide  ;  and,  2nd,  of  carbonate  of  lime^ 

a  portion  of  which  is  sometimes  replaced  by  carbonate  of  magnesia. 
Mineralogically,  it  consists  of  serpentine,  pyrosclerite,  or  loganite, 
including  their  respective  varieties,  which  may  be  referred  to  the 

first  group  of  substances* ;  also  calcite  and  dolomite,  which  belong  to 
the  second  group.  These  may  be  regarded  as  its  essential  constituent 
minerals ;  but  there  are  occasionally  present  diopside,  pyrallolite, 
chondrodite,  apatite,  mica,  pyrites,  graphite,  giobertite,  and  others. 

Polished  specimens  of  "  eozoonal "  Ophite,  examined  by  an  ordi- 
nary magnifier,  are  seen  to  consist  of  a  more  or  less  saccharoidal 

*  Several  variously  named  ophitic  minerals  are  known,  which,  although  differ- 
ing structurally,  are  identical  in  chemical  composition,  (a.)  Serpentine  is  amor- 

phous, uneven  or  conchoidal  in  fracture,  and  composed,  according  to  Scheerer's 
analysis  of  pure  specimens  from  Snarum  in  Norway,  of  Si  O3  40'74,  Mg  O  41  "48, 
HO  12-64,  &c.  48-2.  Retinalite  (Thompson),  although  stated  to  contain  two  or 
three  per  cent,  more  water,  is  considered  by  Sterry  Hunt  to  be  the  same  mineral. 
Bowenite,  which  occurs  as  scaly  aggregations  imbedded  in  saccharoidal  calcite, 
may  be  regarded  in  the  same  light,  (b.)  Chrysotile  (Kobell),  found  in  layers 

often  very  thin,  with  a  transverse  fibrous  structure  identical  with  that  of  ami- 

anthus or  the  finest  asbestus,  is  composed,  according  to  Kobell' s  analysis  of 
spacimens  from  Reichenstein,  Silesia  (-the  original  locality),  of  Si  O^  43'50, 
Mg  O  40-00,  HO  13-80,  &c.  248 :  it  passes  into  picrolite,  in  which  the  fibres  are 
coarse  or  acicular,  adherent  laterally,  or  separated,  and  not  always  parallel, 
(c.)  Metaxite  (Breithaupt)  occurs  in  tufts  or  dendritic  aggregations  of  a  dull 
or  slightly  silky  lustre,  and  consists,  according  to  Delesse,  whose  specimens  were 

from  Reichenstein,  of  Si  O3  421,  Mg  O  41-9,  HO  13-6,  &c.  2-4.  Some  other 
varieties  are  known,  as  thermophyllite  and  marmolite,  having  a  similar  chemical 
composition.  All  the  foregoing  may  be  regarded  as  allomorphs  of  one  and  the 
same  mineral  species,  consisting,  if  we  eliminate  the  minor  ingredients,  of 

"Silica  43,  Magnesia  44,  and  Water  13"  (Delafosse),  or  2Si03,  3Mg  O,  2 HO. 
There  also  occur  a  number  of  other  hydrous  silicates  of  magnesia  related  to  the 
one  above  formulated,  agreeing  with  it  in  the  percentage  of  HO,  but  differing 

therefrom  in  containing  Al^  O3,  or  Fe2  O3,  or  both,  or  Ca  O, — namely,  pyrosclerite, 
bastite,  loganite,  and  chonicrite — every  one,  like  serpentine,  having  its  allo- 

morphs. Besides,  there  are  allied  species  containing  more  or  less  water,  as 
deweylite,  picrosmine,  and  others.  Confining  ourselves  to  serpentine,  pyro- 

sclerite, and  loganite,  these  being  essentially  ophitic,  they  are  respectively  re- 
presented by  an  earthy  variety — namely,  aphrodite,  saponite,  pseudophite,  and 

some  containing  an  extra  percentage  of  water.  Minerals,  it  is  well  known,  often 
present  themselves  under  various  forms  without  undergoing  any  chemical  change, 
and  without  any  relation  to  the  different  axial  systems  in  which  any  one  of  them 

may  crystallize.  Thus,  aragonite  occurs  (1)  compact  and  amorphous;  (2)  mas- 
sive and  cleavable ;  (3)  coralloidaJ ,  as  flos  ferri ;  (4)  asbestiform,  as  satin  spar. 

All  these  varieties  are  considered  to  belong  to  one  axial  system — the  raonocli- 
nate ;  but  being  obviously  of  other  forms  than  one,  and  as  they  are  all  chemi- 

cally alike,  we  propose  to  call  them  allomorphs — from  aAXos,  other,  and  fjiop^rj, 
form.  Calcite  is  of  the  same  chemical  composition  as  aragonite ;  the  fact,  how- 

ever, of  its  belonging  to  a  different  axial  system — the  rhombohedral — makes  it  a 
dimorph,  and  not,  as  in  the  above  sense,  an  allomorph.  Like  aragonite,  calcite 
is  also  subject  to  allomorphism;  and  so  are  a  large  number  of  other  minerals. 
Not  being  aware  that  any  distinctive  term  has  been  applied  to  the  first  class  of 
precited  modifications,  the  want  of  which  has  often  been  felt  in  our  present  in- 

vestigations, we  have  been  induced  to  propose  for  it  the  one  already  employed. 
p  2 



188  PEOCEEDIS-GS  OF  THE  GEOLOGICAL  SOCIETY.  [Jan.  10, 

base,  and  of  various- shaped  granules,  separated,  or  irregularly  united 
and  clustered  together — the  latter  being  imbedded  in  the  former. 
The  base  consists  of  whitish-coloured  calcite,  or  dolomite  ;  while  the 
granules,  which  "vary  in  size  from  the  tenth  to  the  fourth  of  an 
inch,"  are  of  serpentine,  or  the  allied  minerals  loganite  and  pyro- 
sclerite,  conspicuous  by  their  green  colour  of  various  shades :  in  some 
cases  the  granules  consist  of  a  white  crystalline  anhydrous  mineral 

(non-essential  in  Ophite) — a  variety  of  pyroxene  called  diopside. 
Often  the  granules  are  irregularly  scattered  through  the  base ;  and 
occasionally  a  number  of  them  are  united  so  as  to  form  uneven- 
surfaced  plates,  which  affect  a  more  or  less  parallel  arrangement. 
Ophite  thus  presents  a  spotted  or  laminated  appearance.  Besides, 
its  essential  mineral,  serpentine,  is  frequently  aggregated  into  thick 
complexly  undulating  layers,  variously  intermixed  or  intercalated 
with  aggregations  of  other  silicated  minerals,  chiefly  anhydrous,  dif- 

fering in  colour ;  and  the  calcite  becomes  expanded  into  layers  of 
saccharoidal  marble :  under  these  conditions  Ophite  assumes  features 
much  more  markedly  stratified. 

Examined  with  a  high  power,  the  granules  are  seen  to  be  generally 
segmented  or  lobulated.  Often  the  segmentations  are  very  slight ; 
and  as  often  they  are  well  pronounced,  being  here  deep  narrow 
chinks,  and  there  long  subcylindiical  necks,  straight,  or  tortuous. 

The  structure  and  composition  of  the  granules,  and  their  presence 
in  a  calcareous  matrix,  were  first  made  out  in  Ophite  from  Canada, 
— most  satisfactorily  in  that  occurring  at  Grenville :  this  variety  may 

therefore  be  regarded  as  typically  "eozoonal,"  particularly  as  the 
above  characters,  and  some  others  less  obviously  associated  with  them, 

have  been  considered  specially  determinative  of  its  "  foraminiferal 
origin."  This  being  the  case,  we  propose  to  include  under  the  name 
"  eozoonal "  all  rocks  which  do  not  materially  differ  in  their  internal 
structure  from  the  one  just  described. 

"We  have  consequently  placed  in  the  "  eozoonal "  section  the varieties  of  Ophite  which  occur  in  Connemara,  Donegal,  and  the 
Isle  of  Skye,  as  well  as  others  from  India,  Bavaria,  and  the  State  of 

Delaware,  specimens  of  all  having  passed  under  our  examination*. 
Ophitic  rocks  are  also  found  in  Anglesea,  Saxony,  Norway,  the 
Tyrol,  Cornwall t,  and  Switzerland ;  but  in  none  of  them  have  we 

detected  "eozoonal"  characters, — a  circumstance  which,  taken  in 
conjunction  with  some  considerations  hereafter  noticed,  disposes  us 
to  suspect  that  they  belong  to  a  different  section. 

III.  General  Characters  of  "  Eozoon  Canadense," 

According  to  the  view  which  ascribes  the  form9,tion  of  "eojzoonal" 
Ophite  to  the  growth  and  reproduction  of  a  forami^ifer,  the  sac- 

*  We  have  not  had  an  opportunity  of  examining  any  specime,ias  of  Ophite 

from  the  Vosges ;  but  from  Delesse's  description  of  this  rock  (Ann.  des  Mines, 
4^  ser.  tome  xviii.  pp.  309-356),  we  a^e  led  ,to  suspect  that  some  of  it  Trill  turn 
out  to  be  *'  eozoonal." 

t  From  a  fact  stated  hereafter  there  is  some  probability  that  Cornish  Ophite 
is  "eozoonal." 
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charoidal  calcite  was  originally  the  amorphous  calcareous  substance 

composing  the  septa  which  bounded  or  formed  the  "  chambers  "  that 
were  occupied  by  its  sarcode-segments ;  while  the  granules  of  ser- 

pentine are  '^casts''  of  the  '* chambers"  themselves.  According  to 
Sterry  Hunt,  "  the  vacant  spaces  left  by  the  decay  of  the  sarcode 
may  be  supposed  to  have  been  filled  by  a  process  of  infiltration,  in 
which  the  silicates  were  deposited  from  solution  in  water,  like  the 

silica  which  fills  up  the  pores  of  wood  in  the  process  of  silicification"*. 
Considering  the  scattered  and  laminar  modes  of  arrangement  oi 

the  "  chamber-casts,"  it  is  conceived  that  *'  Eozoon  Canadense  "  be- 
came enlarged  by  the  irregular  heaping  up  or  "  acervuline  "  growth 

of  the  *'  sarcode-segments,"  as  well  as  by  their  having  grown  in  suc- 
cessive layers  one  upon  another.  On  this  view  the  calcareous  septa, 

enclosing  the  sarcode-segments,  formed  a  vesicular  skeleton,  its  cavi- 
ties affecting  an  "acervuline,"  or  a  laminar  arrangement. 

The  calcareous  septa  are  in  some  instances  extremely  thin,  and  in 
others  of  considerable  thickness.  In  the  latter  state  they  have  been 
described  as  consisting  of  two  distinct  portions.  One  of  them,  con- 

sidered to  have  been  the  immediate  covering  of  the  sarcode  sub- 

stance, occurs  as  a  thin  fibrous  or"  asbestiform  layer,"  the  fibres 
passing  from  surface  to  surface — peculiarities  which  have  given  rise 
to  the  idea  that  the  layer  was  originally  the  homologue  of  the  finely 

tubulated  "proper  wall"  characteristic  of  the  skeleton  of  iVwrnrnw- 
lina,  Operculina,  Calcarina,  and  other  allied  foraminiferal  genera, 
and  consequently  that  the  fibres  are  casts  of  tubules,  such  passages 

having  served  for  the  extrusion  of  fine  thread-like  "  prolongatio-ns," 
called  pseudopodia,  from  the  "  sarcode-segments  : "  the  other  portion, 
usually  the  thickest,  and  designated,  from  its  position  and  other  con- 

siderations, the  "  intermediate  skeleton,"  contains  imbedded  in  its 
substance  (this  is  particularly  the  case  in  Canadian  Ophite)  a  variety 
of  branching  and  other  structures,  which  are  regarded  as  "  internal 
casts"  of  tubular  passages,  such  as  are  known  to  constitute  the 
"  canal  system  "  (similarly  circumstanced,  and  occupied  by  thickish 
"  prolongations  of  the  sarcode-substance  ")  of  the  foraminifers  above 
mentioned.  Certain  of  these  structures,  also  some  of  the  elongated 
constrictions  already  noticed,  are  supposed  to  be  casts  of  passages 

occupied  by  "  stolons,"  which  connected  both  vertically  adjacent  and 
laterally  adjacent  "  sarcode-segments." 

When  specimens  of  "  eozoonal "  rock  are  carefully  digested  in  a 
weak  solution  of  hydrochloric  acid,  the  calcite  may  be  completely 
dissolved  out,  leaving  vacant  passages  which  wind  about  amidst  the 

undissolved  granules  and  plates  or  "  chamber- casts."  As  the  branch- 
ing structures  imbedded  in  the  septa  are  insoluble  in  this  menstruum, 

like  the  latter  parts  they  remain  intact  in  the  passages.  Frequently, 
also,  the  surfaces  of  the  granules  may  be  seen  crowded  with  aciculi 

— the  so-called  casts  of  the  pseudopodial  tubuli  of  the  "  proper  wall." 
At  first  our  investigations  were  not  attended  with  much  success. 

*  Quart.  Joum.  G-eol.  Soc.  vol.  xxi.  p.  67.  Dr.  Dawson  adopts  a  similar  view, 
— that  the  matter  of  the  chamber-casts  was  "introduced  by  infiltration  or  as  se- 

diment" {op.  cit.  p,  52).  Dr.  Carpenter,  however,  holds  a  different  view,  which will  be  noticed  hereafter. 
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The  Connemara  Ophite  contained  what  we  had  no  doubt  had  been 

taken  for  "  chamber-casts  ; "  but  these  parts  differed  in  one  respect 
considerably  from  those  belonging  to  the  Grenville  variety.  We  had 
got  the  impression  that  in  the  latter  they  were  rarely  arranged  other- 

wise than  in  laminae  ;  but  in  our  home  rock  we  found  them  to  have  a 

decidedly  "  acervuline  "  arrangement,  and  to  be  seemingly  distin- 
guished by  some  other  characters. 

In  this  dilemma  we  made  free  to  apply  to  Sir  "William  Logan, 
•^vho  very  kindly  supplied  us  with  specimens  from  Grenville.  These 

assisted  us  materially ;  for  we  now  saw  that  the  "  acervuline  '* 
arrangement  of  the  ''  chamber-casts  "  was  likewise  a  characteristic 
feature  of  the  Canadian  Ophite.  Still  the  two  rocks  presented  some 
important  differences.  As  we  informed  Sir  William  Logan,  the 

"  chamber-casts  "  in  the  variety  from  our  locality  varied  considerably 
in  size,  some  being  large,  often  as  much  as  half  an  inch  in  diameter, 
and  others  extremely  small;  while  the  septa  are  often  very  thin, 
resembling  in  this  respect  the  cell-walls  of  ordinary  vegetable  tissue 
(parenchyma),  and  frequently  the  contrary,  in  many  instances  mea- 

suring half  an  inch  in  thickness.  The  contrast  between  the 

"  chamber-casts  "  and  the  septa  was  not  strikingly  obvious,  owing  to 
the  paleness  of  the  green  colour  of  the  former  and  the  greyish 
whiteness  of  the  latter.  Besides,  the  septa  showed  no  decided 

appearance  of  being  traversed  by  structures  representing  the  "  canal 
system."  We  also  felt  unconvinced  of  having  detected  undoubted 
examples  of  the  ''  proper  wall "  or  asbestiform  layer. 

At  last,  by  mere  accident,  we  procured  from  a  dealer  in  Galway  a 

specimen,  cut  in  imitation  of  a  bottle,  containing  "  acervuline " 
patches,  in  which  the  "  chamber-casts,"  composed  of  what  we  con- 

sider to  be  loganite*,  and  the  septa,  consisting  of  white  calcite, 
were  as  decidedly  in  contrast  as  in  Canadian  specimens :  the  agree- 

ment was  still  closer,  as  the  "walls"  were  of  ordinary  thickness,  and 
they  appeared  to  contain  representatives  of  the  "  canal  system." 
This  proved  to  be  the  only  specimen  we  could  procure  in  Galway ; 
but  learning  from  the  dealer  that  he  recollected  where  it  was  got, 
we  determined  on  taking  him  as  our  guide  to  the  place  and  trying 
to  procure  more  of  the  same  variety. 

We  had  the  good  fortune  to  be  accompanied  in  our  excursion  by 
Professor  Harkness,  who,  however,  soon  showed  himself  to  have  no 

sympathy  with  us  in  the  view  we  then  held,  being  as  much  a  dis- 

believer in  "  Eozoon  Canadense  "  as  Mr.  Bailey,  who,  a  few  days  pre- 
viously, had  publicly  declared  his  doubts  that  the  "  thing  in  question 

was  a  fossil  at  alP'f.     Our  "compagnon  de  voyage"  argued  for  its 

*  We  learn  from  a  paper  by  Professor  Haugbton,  inserted  in  the  '  Journal  of 
the  Geological  Society  of  Dublin,'  vol.  v.  p.  128,  that  the  Rev.  Joseph  Galbraith 
analyzed  a  specimen  of  Connemara  Ophite,  and  proved  it  to  be  a  hydro-mag- 
nesian  silicate,  with  a  little  lime  and  iron  peroxide,  from  which  we  infer  that  it 
is  impure.  Doubtless  the  rock  varies  much  according  to  locality:  we  have 
found  specimens  containing  so  much  alumina  as  to  show  their  close  relationship 
to  loganite. 

t  Meeting  of  the  Royal  Geological  Society  of  Dublin,  held  April  12th.  Mr. 
Bailey  has  since  published  his  view  in  a  note  added  to  his  paper  on  "  The 
Cambrian  Rocks  of  the  British  Islands."  See  '  Geological  Magazine,'  vol.  ii.  p.  388. 
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structures  being  merely  the  product  of  crystallization,  illustrating 

the  "  chamber-casts  "  by  a  reference  to  the  forms  of  wavellite,  and 
referring  the  "  proper  wall  "  and  "  canal  system  "  to  tremolite*. 

We  succeeded  in  making  a  large  collection  of  specimens  at  the 

principal  "  marble- quarries  "  of  Barna-oran,  Lisoughter,  and  Glan- 
ochan :  the  latter  place  yielded  the  variety  we  wanted. 

IV.  ̂ '  Proper  wall "  of  "  Eozoon  Canadense." 

Settled  quietly  before  one  of  Smith  and  Beck's  first-class  binocular 
microscopes,  and  furnished  with  the  best  object-glasses  and  eye- 

pieces, we  examined  a  number  of  specimens,  both  from  Grenville 
and  Connemara,  prepared  by  pohshing  and  decalcification.  While 
thus  engaged  the  question  occurred  to  us.  If,  in  the  laminar  portions 
of  Ophite,  the  layers  are  the  result  of  superpositional  growth,  how 

does  it  happen  that  the  "  proper  wall "  of  the  chambers  "  every- 
where presents"  the  tubules  which  served  as  passages  for  the 

pseudopods  ?  In  this  case  the  under  as  well  as  the  upper  side  of  a 

layer  of  "  chambers  "  must  have  been  tubulated — just,  in  short,  as 
represented  by  the  transparent  section  in  plate  viii.  fig.  3  a,  b,  c, 

and  in  the  ideal  diagram  or  woodcut  in  p.  61,  of  Dr.  Carpenter's 
paper  in  No.  81  of  the  '  Quarterly  Journal  of  the  Geological  Society.' 
There  is  no  difficulty  in  conceiving  the  pseudopods  of  the  exposed 

or  upper  "  proper  wall "  of  the  top  layer  of  "  chambers  "  to  play 
their  proper  part,  as  they  could  be  freely  protruded  through  and 
beyond  the  orifices  of  the  tubules.  But  how  could  those  act  which 

belonged  to  the  under  "  proper  wall,"  considering  that  their  egress 
would  be  efi'ectually  barred  by  the  upper  "proper  wall"  of  the 
immediately  subjacent  layer  of  '^chambers"?  The  difficulty,  we 
felt  persuaded,  would  be  met  by  the  following  explanation : — The 
two  layers  were  separated  by  vacant  spaces,  except  at  certain  points 

or  places  occupied  by  "  stolons :"  in  this  case  the  pseudopods  of  the 
two  layers  could  be  freely  thrust  through  the  tubules  into  the 
vacancies,  where  they  would  be  in  free  communication  with  the 

surrounding  medium,  and  also  enabled  to  elaborate  the  "interme- 
diate skeleton."  But,  unfortunately  for  this  explanation,  it  has 

been  stated  that  the  successive  layers  of  chambers,  each  having  its 
own  proper  wall,  are  often  superposed  one  upon  another  without  the 

intervention  of  any  "intermediate  skeleton" f;  also,  that  "where 
there  is  little  trace  of  the  intermediate  skeleton  between  the  cham- 

bers, the  characteristic  structure  of  the  proper  wall  is  still  unmis- 

takeably  exhibited  "J. 
We  next  considered  that,  although  it  is  quite  true  the  "  casts  of 

the  tubules  "  are  often  seen  standing  apart,  they  also  occur  so  closely 
packed  together,  "  standing  side  by  side  like  the  fibres  of  asbestus," 
as  to  forbid  the  idea  that  there  are  any  interspaces  between  them. 
Again,  the  tubules  must  of  necessity  have  had  walls.     Now  if  the 

*  Professor  Harkness  has  stated  his  opinion  before  the  Geological  Section  of  the 
British  Association  at  the  Birmingham  meeting.     See  '  Reader,'  Sept.  30, 1865. 

t  Carpenter,  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  p.  63,  pi.  ix.  fig.  4. 

I  Carpenter,  '  Intellectual  Observer,'  vol.  vii.  p.  294. 
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fibres  are  easts  of  tubules,  how  could  such  be  the  case  in  places 
where  the  asbestiform  layer,  as  just  noticed,  consists  of  intimately 

juxtaposed  fibres,  with  nothing  between  them*  ?  Por  anything  that 
we  observed  to  the  contrary,  the  fibres  thus  circumstanced  displayed 
quite  as  little  evidence  of  having  been  parietally  separated  as  those 
of  asbestus.  Moreover  the  fibres  "  sometimes  pass  oif  obliquely  or 
even  tangentially,  so  as  to  run  for  considerable  distances  in  the 

chamber- walls," — a  peculiarity  which,  as  it  has  "no  parallel" 
among  foraminifers,  we  were  disposed  to  accept  as  negative  evidence 
against  their  foraminiferal  origin. 

These  facts  and  considerations  produced  in  us  in  the  early  stage 
of  our  investigations  simply  a  scepticism  as  to  the  organic  origin  of 

the  asbestiform  layer.  Entertaining  no  doubt  regarding  Dawson's 
view  of  the  other  structures,  we  were  merely  led  to  suspect  that  this 
part  was  the  product  of  crystallization. 

Subsequently  our  suspicion  became  a  settled  conviction  on  dis- 
covering examples  of  the  "  proper  wall "  under  circumstances  which 

clearly  showed  it  to  be  altogether  independent  of  the  "  calcareous 
skeleton."  The  conclusion  just  stated  we  hold  to  be  demonstrated 
by  the  example  represented  in  fig.  2,  Plate  XIY.,  than  which  nothing 
can  more  intelligibly  explain  the  purely  crystalUne  origin  and  nature 
of  the  part  in  question.  This  remarkably  beautiful  example,  selected 
out  of  a  number  of  the  same  kind,  is  taken  from  an  undecalcified 

slice  of  Grenville  Ophite  t :  it  consists  of  three  or  four  closely  con- 
joined granules  of  serpentine  (a  plate  of  slightly  individualized 

"  chamber- casts "),  having  on  one  side  a  continuous  border  of 
"proper  wall,"  which,  when  examined  with  a  sufficiently  high 
power,  is  seen  to  have,  for  the  most  part,  a  perfectly  compact 
asbestiform  or  indefinitely  fibrous  structure;  while  in  two  places 
(a  and  h)  this  structure  is  in  an  incipient  state  of  development, 
consisting  of  a  number  of  parallel  thread-like  lines  clearly  and 
somewhat  widely  separated:  the  one  kind  passes  into  the  other. 
That  it  is  no  other  than  the  serpentine  thus  crystallized  is  rendered 
evident  by  the  lines  in  the  part  marked  h  being  extended  only 

partly"  across  the  width  of  the  "  proper  wall,"  leaving,  without  a 
shadow  of  doubt,  a  narrow  external  zone  of  the  mineral  devoid  of  all 
traces  of  lineation  immediately  in  contact  with,  but  plainly  distinct 

from,  the  "calcareous  skeleton."  If,  in  this  case,  the  "proper 
wall"  had  been  originally  calcareous,  like  the  " skeleton,"  as  main- 

*  In  Nummulina  IcBvigata  we  find  the  width  of  a  parietal  interstice  between 
two  adjacent  tubules  to  slightly  exceed  their  diameter ;  so  that  casts  of  the  tu- 

bules would,  if  their  walls  were  dissolved  out,  be  separated  by  strongly-defined 
linear  openings.  Possibly  it  may  be  suggested  that  the  "  appearance  of  a  minute 
prismatic  arrangement "  which  nummulines  occasionally  display,  and  which  is 
conceived  to  have  been  produced  by  "metamorphosis"  or  " fossilization "  (see 
Carpenter,  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  25,  and  '  Introduction  to  the 
Study  of  the  Foraminifera,'  p.  270),  explains  the  compact  fibrous  structure  of 
the  "proper  wall"  of  ̂^  Eozoon  Canadense •,"  but  this  is  obviously  too  unsatis- 

factory a  case  to  be  of  any  assistance,  it  being  merely  one  of  ajppearance,  which 
is  possibly  in  some  measure  due,  as  believed  by  Dr.  Carpenter,  to  the  "  areola- 
tion"  of  the  "tubules,"  similar  to  what  prevails  in  Operculma. 

t  Our  other  examples  are  generally  decalcified. 
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tained  by  Rhizopodists,  it  never  could  have  presented  sucli  appear- 
ances ;  the  calcite,  and  not  the  serpentine,  would  have  exhibited  the 

lineated  and  asbestiform  structure. 
Considering  that  there  is  an  allomorphic  variety  of  serpentine 

known  as  chrysotile,  which  possesses  characters  identical  with  those 

of  the  so-called  "  proper  wall,"  we  feel  ourselves  warranted  in  assu- 
ming that  this  part  is  a  layer  of  the  latter  mineral. 

Moreover,  not  only  does  the  serpentine  become  asbestiform,  but  it 

is  frequently  found  changed  into  a  white  flocculent  substance*,  which 
takes  the  place  of  the  "proper  wall" — occurring  on  the  surface  of 
the  granules  as  a  crust  of  varying  thickness,  and  frequently  inter- 

mixing with  the  calcite  of  the  skeleton  f.  Instances  have  occurred 
to  us  of  the  serpentine  alternately  assuming  both  kinds  of  structure, 
as  shown  in  fig.  3,  Plate  XI Y.,  which  represents  a  thin  transparent 
section,  seen  by  transmitted  light,  of  three  granules  with  an  irregular 
notched  border :  the  projections  consist  of  incipiently  chrysotilized 
serpentine,  and  the  interspaces  or  notches  of  flocculent  matter. 

The  substance  under  notice  has  generally  a  loosish  granular  tex- 
ture ;  and  often  it  is  compact  like  starch  ;  it  is  also  rudely  lamellar 

or  prismatic.  Occasionally  we  find  it  colourless  and  pellucid,  like 
chalcedony,  and  having  no  appearance  of  structure  under  a  low 
power;  but  when  examined  with  an  object-glass  magnifying  350 
diameters,  it  is  seen  to  be  fibrous.  In  short,  one  of  our  specimens 
of  Ophite  from  Lisoughter  shows  the  surface  of  a  granule  of  serpen- 

tine imperceptibly  passing  into  the  asbestiform  layer,  and  this  part, 
here  and  there,  gradually  changing  into  the  flocculent  crust ;  while 
closely  adjacent  there  occurs  a  mass  of  the  flocculent  substance  en- 

closing, or  rather  'passing  imperceptibly  into,  asbestiform  crystalliza- 
tion, the  crystals  being  fine,  long,  and  well  developed. 

The  granules  are  not  always  furnished  with  an  asbestiform  layer, 
or  a  flocculent  crust ;  for  highly  polished,  and  consequently  trans- 

lucent specimens,  which  have  not  been  submitted  to  decalcification, 
occasionally  show  them  wholly  devoid  of  any  covering,  their  surface 

being  in  immediate  contact  with  the  "  calcareous  skeleton ; "  and  in 

decalcified  specimens  we  have  also  seen  granules  with  surfaces'  quite 
smooth,  and  appearing  as  if  nothing  had  ever  been  attached  to  them. 

Reverting  to  the  cases  which  show  the  fibres  or  aciculi  of  the 
asbestiform  layer  standing  apart,  attention  may  be  first  directed  to 

*  For  the  sake  of  brevity  and  distinction,  we  propose  to  name  this  substance 
Jlocculife— not,  however,  raider  the  idea  of  its  being  a  new  mineral.  It  is  our 
present  impression  that  flocculite  is  merely  an  allomorph  of  serpentine ;  we  are 
quite  ready,  nevertheless,  to  accept  it  as  a  chemically  different,  though  closely 
related  substance.  Saponite,  pseudophite,  and  some  other  allied  minerals,  are 
similarly  structureless.  Aphrodite,  except  that  its  silica  and  magnesia  are  in 
different  relative  proportions  to  those  prevailing  in  serpentine,  appears  to  come 
nearest  to  flocculite.  The  gran  alar  mineral  occurring  as  a  bed  in  the  crystalline 
limestone  at  Grenville,  and  which  Dr.  Sterry  Hunt  has  identified  with  pyrallo- 
lite  (Geology  of  Canada^  1863,  p.  470),  may  be  identical  with  it. 

t  In  thin  transparent  sections,  examined  by  transmitted  light,  the  serpentine 
has  a  metallic  appearance  resembling  brass.  Very  minute  particles  of  unchanged 
serpentine  may  be  detected  by  this  character,  intermixed,  with  the  flocculent  sub- 

stance, both  being  interspersed  amongst  the  calcite  of  the  skeleton. 
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the  one  represented  in  fig.  1,  Plate  XI Y.  In  this  instance  there  are 
two  layers  belonging  to  a  single  grannie.  The  innermost  layer  is 
for  the  n?ost  part  perfectly  compact  and  indefinitely  fibrons ;  and, 
although  not  demonstrable,  it  cannot  be  considered  other  than  a 
modified  form  of  the  pertaining  serpentine  :  the  outer  layer  consists 
of  distinctly  individualized  fibres  or  aciculi,  generally  thick,  occa- 

sionally very  fine,  and  separated  from  one  another  on  the  left  half 
(that  is,  of  the  figure),  but  closely  adherent  by  their  sides  on  the 
right  half,  except  at  their  points.  The  innermost  layer  is  in  one  place 
separately  acicular,  like  the  outermost  one,  showing  clearly  the 
intimate  relationship  between  the  two  extremes  of  structure  assumed 

by  the  ̂ '  proper  wall"*. 
Now  such  cases  as  this  have  been  represented  as  "  exactly  cor- 

responding "  with  the  fine  tubulation  characteristic  of  the  shells  of 
nummuline  foraminifers  ;  but  from  what  has  already  been  adduced, 
and  other  evidences  to  be  brought  forward,  we,  on  the  contrary, 
contend  for  their  being  merely  simulations  of  such  tubulation. 

But  this  case  is  not  to  be  compared  with  others  we  are  acquainted 
with.  We  have  seen  in  Grenville  Ophite  some  truly  striking  examples, 

which  show  the  aciculi  of  the  "proper  wall"  far  surpassing  in  their 
mimicry  of  nummuline  tubulation  anything  hitherto  published — 
cylindrical  rods,  uniform  in  length,  thickness,  and  in  their  distance 
from  one  another,  and  standing  perpendicularly  to  the  surface  of  the 

**  chamber- casts."  At  first  sight  these  instances,  if  studied  by  them- 
selves, might  be  taken  for  "  internal  casts  "  of  tubules ;  but  such  a 

view  speedily  vanishes  when  they  are  properly  examined  and  studied 
in  all  their  relations.  Besides  being  perpendicular,  the  rods  are 
occasionally  seen  leaning,  arching,  creeping,  and  twisting  about  in 
all  directions :  they  also  unite  wholly  or  partially,  converging, 
diverging,  branching,  and  anastomosing,  so  as  to  produce  conical, 

cuneiform,  dendritic, "  brush-like,"  and  an  infinite  variety  of  "  bundles, 
of  which  no  two  are  precisely  similar."  Other  aggregations  occur, 
forming  small  or  wide-spreading  patches,  which  have  uniform,  or 
variously  disrupted,  surfaces. 

Whether  viewed  transversely  or  longitudinally,  all  these  modifi- 
cations are  structurally  alike.  If  examined  with  a  magnifying 

power  of  350,  the  patches  are  seen  to  consist  of  "  closely  packed  " 
parallel  fibres — in  other  words,  to  have  a  "  uniform  surface  so  close 
in  texture  as  to  be  with  difficulty  resolvable  into  the  points  of  their 

constituent  aciculi "f.     Place  the  bundles  under  the  same  object- 

*  This  is  a  case  inexplicable  on  the  idea  that  it  has  resulted  from  pseudopo- 
dial  tubulation ;  but  there  is  no  difficulty  in  conceiving  it  to  be  one  of  double 
allomorphism.  The  outer  layer,  which  we  assume  to  have  been  formed  first, 
has  lost  its  finely  fibrous  structure,  the  fibres  having  become  individualized  or 
transformed  into  aciculi, — a  change  characteristic  of  chrysotile.  As  the  "  proper 
wall "  of  NummuUtes  is  formed  of  a  number  of  laminse,  it  may  be  thought  that 
this  double  layer  is  a  parallel  case ;  but  the  tubules,  belonging  to  the  former  part, 
pass  uninterruptedly  or  continuously  through  the  laminae  ;  whereas  in  the  latter 
each  of  the  two  layers  is  composed  of  an  independent  series  of  fibres,  or  aciculi. 

t  It  is  quite  evident  Dr.  Carpenter  has  observed  examples  similar  to  ours. 

See  '  Intellectual  Observer,'  vol.  vii.  p.  292,  &c. 
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glass,  they,  too,  are  seen  to  have  a  precisely  identical  structure, 

*'  every  individual  thread  glistening  brightly  under  appropriate  illu- 
mination." Apply  the  same  high  power  to  the  rods,  even  the  finest ; 

they  are  likewise  resolved  into  asbestiform  fibre*.  Does  anything 
of  the  kind  exist  in  recent  or  fossil  foraminifers,  even  in  Operculina, 

the  genus  which,  owing  to  its  tubuli ''  separating  from  each  other  in 
some  parts  and  becoming  more  closely  crowded  in  others,"  has  been 
referred  to  as  offering  in  this  respect  a  complete  agreement  with 

"  Eozoon "  ?  Is  it  conceivable  that  easts  of  pseudopodial  tubuli 
could  be  compound  or  fibrous,  like  asbestus?  It  is  manifestly 
superfluous  to  make  a  reply  in  the  negative. 

Dr.  Carpenter  has  given  representations  of  the  proper  wall  of 
Amphistegina,  Operculina,  Cydodypeus,  and  some  other  genera, 
showing  pseudopodial  tubulationf ;  but  in  every  case  the  tubules 
are  distinctly  separated  one  from  another  from  base  to  apex.  In 

marked  contrast  to  such  separation  are  those  cases  in  "  eozoonal " 
Ophite,  already  noticed,  in  which  the  casts  are  intimately  united 
throughout  their  entire  length. 

According  to  the  view  we  are  opposing,  the  surface  of  a  "  chamber- 
cast"  or  granule,  from  which  the  "  proper  wall"  has  been  detached, 
ought  to  be  "  rendered  hispid  by  the  minute  projections  which 
passed  into  the  entrances  of  the  tubuli,"  as  in  the  recent  siliceous 
casts  of  an  Amphistegina  from  the  Australian  coast,  described  by 
Dr.  Carpentei;;  but  instead  of  exhibiting  any  definite  projections, 
such  as  would  result  from  the  cylindrical  and  separated  tubula- 

tion  of  the  "  proper  wall,"  like  those  represented  in  a  "  small  por- 
tion "  from  another  specimen  of  apparently  the  same  species  ("  to 

show  the  free  openings  of  the  tubuli  on  the  internal  surface  of 

the  chambers"  J),  the  representative  part  or  surface  of  the  serpen- 
tine granules,  from  which  the  asbestiform  layer,  whether  compact 

or  open,  has  been  artificially  broken  off,  is  irregularly,  compactly,  and 
indefinitely  hispid,  precisely  as  obtains  on  the  freshly  fractured  ter- 

minal surfaces  of  finely  fibrous  minerals. 

It  may  be  contended  that  the  isolated  aciculi  "  exactly  correspond" 
with  the  hispid  projections  on  the  siliceous  cast  of  the  Amphistegina 
just  aUuded  to.  This  cannot  be  admitted,  since  it  is  impossible  to 
separate  such  aciculi  from  others  immediately  adjacent,  which  com- 

*  Often  the  asbestiform  structure  of  the  aciculi  has  disappeared,  which  we 
believe  to  be  simply  a  molecular  change.  Delesse  states  that  the  fibres  of  cliry- 
sotile  occurring  in  the  Ophite  of  the  Vosges,  which  are  described  as  "  excessively 
fine,"  "swell  out  and  become  opaque  and  whitish  on  exposure  to  air"  (Ann.  des 
Mines,  4^  ser.  tome  xviii.  p.  328).  Taking  this  fact  in  connexion  with  the  con- 

sideration that  Ophite  must  have  passed  through  considerable  variations  of  tem- 
perature, pressure,  &c.,  and  that  its  essential  mineral — serpentine — is  eminently 

unstable  in  its  molecular  constitution,  as  shown  by  its  various  allomorphs,  we 
feel  persuaded  that  our  belief,  expressed  above,  cannot  be  set  aside.  The  modi- 

fications presented  by  the  double  asbestiform  layer,  noticed  in  a  previous  paper, 
and  several  others  which  have  fallen  under  our  observation,  offer  an  analogy  to 
the  one  observed  by  Delesse. 

t  Introduction  to  the  Study  of  the  Foraminifera,  pi.  13.  fig.  25  a;  pi.  17. 
figs.  8,  9,12,  13;  pi.  19.  figs.  3,  4. 

+  Op.  cit.  p.  245,  pi.  13.  fig.  25  a,  and  Explanation. 
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pletely  adhere  to  one  another  by  their  sides :  besides,  the  latter  im- 
perceptibly pass  into  the  state  of  an  indefinitely  fibrous  layer.  The 

examples,  and  they  are  numerous,  to  which  reference  is  made,  clearly 
show  that  these  modifications  belong  to  one  form  of  crystallization, 
and  cannot  be  the  result  of  "  nummuline  tubulation."  But  in  order 
to  place  our  conclusion  beyond  the  shadow  of  a  doubt,  we  shall  add 
another  demonstrative  evidence  to  the  number  already  adduced. 

We  have  repeatedly  seen  fissures  in  the  serpentine — true  cracks 

striking  right  across  a  number  of  "  chamber-casts "  and  the  inter- 
vening calcareous  skeleton — filled  with  calcite  and  fiocculent  matter, 

separated  and  intermixed.  The  conditions  of  these  examples  incon- 
testably  prove  that  the  latter  substance  is  a  modification  of  the 
serpentine,  and  the  former  an  infiltration.  One  of  our  specimens 
from  Lisoughter,  which  is  decalcified,  shows  the  phenomenon  most 
instructively ;  a  portion  of  the  fiocculent  matter  still  remains,  and 
the  calcite  has  disappeared.  But  this  is  not  all :  considerable  portions 
of  the  walls  of  the  fissure  are  crowded  vdth  as  fine  examples  of 
isolated  perpendicular  parallel  aciculi  and  rods  (the  latter  consisting 

of  asbestiform  fibre)  as  those  composing  the  so-called  "  proper  wall " 
of  the  adjacent  "  chamber-casts  " * !  It  is  unnecessary  to  add  another 
sentence  by  way  of  evidence  or  argument  in  opposition  to  the  view 
which  ascribes  the  asbestiform  layer  to  pseudopodial  tubulation  f. 

Evidences  strongly  in  favour  of  the  conclusion  that  the  "  chamber- 
casts  "  and  "  proper  wall "  were  never  otherwise  than  composed  of 
one  and  the  same  mineral  substance,  have  occurred  to  us  in  Ophite 
from  Donegal  and  from  the  State  of  Delaware ;  the  granules  of 

serpentine,  in  the  former  of  a  dark-green  colour,  and  in  the  latter 
quite  yellow,  may  be  observed  passing  imperceptibly  and  completely 
into  the  asbestiform  condition.  We  also  find  exactly  the  same  change 
in  Ophite  (from  Snarum  in  Norway)  wholly  devoid  of  anything  like 
organic  structure :  a  specimen  now  before  us  shows  here  and  there 
its  essential  mineral,  serpentine,  becoming  changed  into  films  struc- 

turallj''  indistinguishable  from  the  asbestiform  covering  of  "  eozoonal " 
sarcode -chambers,  even  often  presenting  its  identical  intermitted  and 
incipient  crystallization.  More  cogent  evidence  could  not  be  adduced 

to  prove  that  the  "  proper  wall "  is  no  other  than  an  allomorphic 
phenomenon. 

A  strictly  identical  case,  however,  and  one  which  may  be  regarded 

as  conclusively  proving  the  original  mineral  nature  of  the  "  proper 
wall,"  has  occurred  to  us  in  another  mineral.     Chondrodite,  a  spe- 

*  See  Plate  XIV.  fig.  4,  magnified  110  diameters.  In  this  particular  example 
the  aciculi  on  one  of  the  walls  of  the  fissure  are  exceedingly  minute,  being  with 
difficulty  detected  except  under  a  power  of  210 ;  similar  aciculi  are  interspersed 
amongst  the  larger  kind  on  the  opposite  wall.  The  large  aciculi  at  one  part  of 
the  wall  are  closely  crowded  together :  from  this  condition  they  graduate  into 
a  compact  layer  indefinitely  fibrous. 

t  M.  Delesse  mentions  a  fact  which  equally  shows  the  fallacy  of  the  view 
taken  by  Rhizopodists  as  to  the  origin  of  the  asbestiform  layer.  The  Ophite  of 
Xettes,  in  the  Vosges,  contains  nodules  (les  rognons)  possessing  the  mineralogical 
characters  of  granite,  surrounded  by  an  envelope  composed  of  radiately  fibrous 

chrysotile  (see  Ann.  des  Mines,  4^  ser.  tome  xviii.  p.  335). 
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cies  agreeing  with  serpentine  in  its  mode  of  aggregation,  is  often 
found  in  a  finely  granular  condition  imbedded  in  saccharoidal  calcite. 
In  numerous  instances  we  have  found  imbedded  grains  of  this  mineral 
from  New  Jersey  more  or  less  incrusted  with  an  asbestiform  layer 
which  exhibits  modifications,  speaking  advisedly,  the  exact  parallel 

of  those  common  to  the  "  proper  wall  of  Eozoon  Canadense."  Three 
cases  have  been  selected  to  illustrate  the  layer  in  question.  In  one  of 

them,  represented  in  Plate  XIV.  fig.  5,  mag-nified  120  diameters,  the 
fibres  form  a  finely  asbestiform  plate,  perfectly  compact  in  texture 
except  where  it  curves,  lying  between  two  grains  of  chondrodite, 
which  plate,  when  examined  with  a  power  of  210,  presents  exactly 
the  appearance  of  translucent  compactly  fibrous  selenite ;  in  the 
second  case,  PI,  XIV.  fig.  6,  magnified  60  diameters,  the  fibres  are 
white,  silky,  somewhat  coarse,  rarely  otherwise  than  parallel  to  one 
another,  oftenslightly  apart,  and  lying  obliquely  between  two  grains ; 
in  the  third,  shown  in  PI.  XIV.  fig.  7,  magnified  120  diameters,  the 
fibres  are  aggregated  into  very  slender,  pointed,  separated  rods,  pro- 

jecting from  one  end  of  a  grain.  In  the  last  case  the  interspaces 
appear  to  have  been  once  filled  with  fibres  that  have  becomo  detached, 
possibly  by  decalcification ;  in  the  others  they  appear  to  be  the  re- 

sult of  some  slight  tensional  or  torsional  movements. 
Is  any  naturalist  prepared  to  assent  to  the  notion  that  in  these 

examples  the  asbestiform  layer  represents  the  "  proper  wall "  of  a 
foraminifer,  and  that  the  fibres  are  casts  of  pseudopodial  tubules  ? 

If  not,  he  must  at  once  relinquish  his  belief  in  the  "  nummuline 
tubulation  "  diagnosed,  for  the  investment  of  the  granules  of  serpen- 

tine, as  characteristic  of  "  eozoonal"  Ophite. 
Before  concluding  the  present  section,  it  is  necessary  to  give  a 

general  description  of  the  coat  belonging  to  the  serpentine  of  Con- 
nemara  Ophite.  Like  that  characterizing  the  granules  of  the  Gren- 
ville  rock,  the  coat  is  both  fibrous  and  flocculent,  both  modifications 
being  often  intermixed,  distinctly  separated  or  changing  imperceptibly 
into  each  other ;  but  in  the  former  state,  instead  of  being  generally 
composed  of  parallel  fibres,  it  consists  of  acicular  crystals  radiately 
or  divergently  disposed,  or  variously  intersecting  one  another,  also 
occasionally  curving  or  twisting,  forming  aggregations  or  tufts  irre- 

gularly dispersed  over  the  granules.  Occasionally,  however,  as  in 
the  cases  already  noticed,  the  granules  are  covered  with  a  true 
asbestiform  layer,  its  fibres  standing  perpendicularly,  parallel  to  one 

another,  and  completely  adhering  by  their  sides  or  separated — off'er- 
ing  iu  every  respect  the  most  perfect  agreement  with  the  corre- 

sponding part  in  Grenville  "eozoonal"  Ophite*.  The  flocculent 
coat  olosely  resembles  that  which  has  been  described  as  character- 

istic of  the  latter  rock :  it  varies  from  a  mere  film  to  a  covering  of 
considerable  thickness,  a  granule  often  having  half  of  its  mass  floc- 
culeut  and  its  other  half  composed  of  translucent  serpentine,  both 
varieties  being  clearly  modifications  of  each  other.  An  example 
from  Lisoughter,  magnified  210  diameters,  is  represented  in  fig.  9, 

*  In  addition  to  rthe  specimens  from  Lisoughter,  at  whiok  place  we  collected 
by  far  the  finest  examples  exhibiting  the  "  proper  wall,"  we  have  detected  this 
part  in  Ophite  from  Barna^oran  and  Glanochan, 
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Plate  XIV.,  which  shows  the  layer  flocculent  here  and  fibrous  there : 
in  the  latter  state  the  constituent  aciculi  are  generally  parallel,  and 

in  one  place  divergent*.  Such  examples  clearly  form  independent 
and  decisive  testimony  in  favour  of  the  conclusion  we  have  come 
to  with  respect  to  the  corresponding  structural  modifications  pre- 

sented by  the  granules  of  serpentine  in  Grenville  Ophite — that  they 
are  allomorphic  conditions  of  one  and  the  same  substancef. 

With  respect  to  the  cases  of  isolated  rods,  and  other  modifications  of  the 

asbestiform  layer,  Dr.  Carpenter  has  incidently  mentioned  that  this  part  "is 
often  thrown  off  by  the  disengagement  of  gas  in  the  process  of  decalcification"}. 
Instances  of  the  kind  have  occurred  to  us  in  the  specimen  presenting  the  double 
layer :  loose  fibres  are  seen  hanging  on  the  free  side  of  the  outer  one ;  and  the 
innermost  is  for  a  considerable  extent  separated  from  the  surface  of  the  granule. 
We  have  also  seen  portions  of  the  flocculent  coat  lying  loose  in  the  decalcified 
passages,  and  others  raised  above  the  plane  of  the  section.  At  one  time  we 
were  disposed  to  believe  that  decalcification,  likewise  internal  movements  which 
the  rock  has  evidently  undergone,  as  well  as  mechanical  action  consequent  on 
breaking,  grinding  down,  and  otherwise  preparing  specimens  for  examination, 
had  mainly  contributed  to  produce  the  cases  under  notice ;  but  we  are  now  more 
inclined  to  consider  them  for  the  most  part  to  be  the  result  of  other  agencies. 

It  has  been  made  clear  that  Serpentine  is  transformed  into  both  the  asbesti- 
form. layer  and  the  flocculent  coat,  and  that  the  former  of  these  epigenes  is 

converted  into  the  latter.  Was  the  process  elaborated  solely  during  some 

remote  "  primordial "  period  ?  Had  the  Grenville  Ophite  precisely  the  same 
structure  it  now  possesses  previously  to  the  deposition  of  the  rocks  transgressive 
to  it§?  Has  it  remained  chemically  and  structurally  unaltered  during  the 
immensity  of  time  which  has  intervened  between  the  Potsdam  (Cambrian) 
period  and  the  present  epoch  ?  We  are  certainly  strongly  indisposed  to  answer 
in  the  affirmative  to  these  questions.  For  why  may  not  pseudomorphic,  allo- 

morphic, and  other  metamorphosing  actions,  induced  by  heat,  pressure,  elec- 
tricity, gaseous  and  hydrous  permeations,  have  been  going  on  throughout  all 

such  time,  more  or  less  changing  the  Serpentine  into  flocculent  matter,  trans- 
ferring the  latter  from  the  granules,  and  replacing  it  by  their  imbedding  calcite, 

or  inter mixuig  it  with  the  latter  body,  or  variously  substituting  the  chemical 
constituents  of  the  Serpentine  by  their  isomorphous  compounds?  These  re- 

marks express  our  hypothesis  as  to  the  changes  which  have  been  and  are  being 

effected  in  the  essential  minerals  of  "Eozoonal"  Ophite,  and  we  believe  that  it 

*  So  many  instances  have  occurred  to  us,  showing  the  changes  mentioned  in 
the  text,  that  we  could  readily  fill  a  Plate  with  them.  We  could  have  shown 
much  finer  examples  of  the  asbestiform  layer ;  but  the  one  selected  for  illustra- 

tion has  been  given  because  it  shows,  what  is  rare,  the  parallel  and  divergent 
aciculi  associated  on  one  granule. 

t  Professor  Tennant  has  kindly  presented  us  with  a  beautiful  "  moss  agate  " 
of  transparent  chalcedony,  enclosing  a  number  of  vermicular  bodies,  variously 
knotted,  which  appear  to  be  composed  of  yellowish  ferruginous  matter ;  in 
some  cases  they  are  completely  invested  with  a  dense  crop  of  subparallel  acicular 
crystals,  seemingly  of  the  same  substance,  which  penetrate  the  chalcedony,  and 
form  a  well-defined  coat  remarkably  uniform  in  thickness  (see  fig.  16,  Plate  XV.). 
This  case  is  a  proof  that  certain  substances  shoot  out  from  the  surface  of  the 
body  they  form,  as  crystals,  and,  as  such,  penetrate  a  dissimilar  surrounding 
medium,  in  a  fluid,  gelatinous,  earthy,  or  otherwise  yielding  condition.  A  similar 
origin  might  with  some  reason  be  advanced  to  account  for  the  aciculi  on  the 
granules  of  Serpentine ;  but  we  regard  the  conclusion  already  adopted  as  too 
clearly  established  to  be  induced  to  entertain  any  other. 

j  Intellectual  Observer,  vol.  vii.  p.  292. 
§  We  allude  to  the  Potsdam  sandstone,  beds  of  which  occur,  both  in  Canada 

and  in  the  northern  parts  of  the  State  of  New  York,  unconformably  overlying 
highly  contorted  Laurentian  rocks,  and  composed  in  many  places  of  pebbles  of 
the  latter  in  their  metamorphosed  condition  (see  Geology  of  Canada,  p.  96). 
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is  sustained  by  many  of  the  pseudomorphic  phenomena  made  known  of  late 
years  by  Bischof,  Breithaupt,  Blum,  Daubree,  Delesse,  Fallou,  Fournet,  Miiller, 
G.  Eose,  and  others. 
We  offer  this  hypothesis  to  explain  the  intermixture  of  flocculent  matter  and 

calcite,  which  occurs  so  commonly  in  the  so-called  skeleton  of  "  Eozoon"  and 
the  change  of  the  surfaces  of  its  "  chamber-casts  "  into  chrysotile  and  flocculent 
matter ;  also  to  account  for  the  occasional  absence  of  the  latter  two  substances 

from  the  surfaces  of  the  "chamber-casts,"  and  their  replacement  by  calcite:  in 
short,  we  offer  it  in  explanation  of  most  of  the  cases  of  isolated  aciculi,  rods, 
bundles,  and  patches  of  the  asbestiform  layer  and  the  fillings  in  of  their  separating 
spaces  by  calcite. 

y.  "  Canal-System  "  of  "  Eozoon  Canadense." 

Although  feeling  it  necessary  to  relinquish  the  idea  of  the  "  asbes- 
tiform layer "  having  been  originally  an  organic  structure,  we  still 

adhered  for  some  time  afterwards  to  the  foraminiferal  origin  of 

Ophite.  But  having  made,  as  we  conceived,  an  important  recti- 

fication in  the  diagnosis  of  ''  Eozoon  Canadense,^^  we  naturally  felt 
ourselves  stimulated  to  endeavour  to  elucidate  the  "  canal-system,'' which  it  was  considered  had  in  certain  instances  been  confounded 

with  "  stolon-passages." 
It  is  unnecessary  for  us  to  give  a  history  of  our  investigations 

into  the  speciality  now  entered  upon ;  suffice  it  to  say  that  the 
longer  we  examined  the  more  our  opinions  became  unsettled. 
Something  new  was  continually  turning  up  to  the  prejudice  of  the 
behef  we  had  firmly  and  tenaciously  adhered  to ;  so  that  at  last  we 
found  ourselves  under  the  necessity  of  completely  abandoning  a  point 
which  had  often  proved  a  sheet-anchor  whenever  either  of  us  .was 
losing  ground  in  our  mutual  discussions*. 

Lying  in  the  decalcified  passages  of  both  Canadian  and  other 

varieties  of  "  eozoonal "  Ophite,  of  the  Connemara  variety  especially, 
there  are  frequently  seen  irregularly  shaped  "amorphous  masses" 
of  a  mineral  substance  slightly  compact  in  texture,  of  a  milk-white 
colour,  and  lustreless  like  starch.  Neither  Dawson  nor  Sterry  Hunt 
has  alluded  to  them  ;  and  Carpenter,  by  whom  they  appear  to  have 
been  overlooked  at  first,  has  only  briefly  described  the  Canadian 

examples  in  his  last  paper,  published  in  the  '  Intellectual  Observer.' 
He  finds  them  "to  consist  in  some  instances  of  parallel  lamellge, 
disposed  like  the  leaves  of  a  book,  and  in  others  of  solid  bunches  of 

rounded  filaments,  reminding  one  of  a  sailor's  '  swab.'  "  The  Cana- 
dian examples  are  apparently  more  compact  in  texture  than  the 

Irish.  When  detached  and  crushed,  a  quarter-inch  object-glass 
discloses  in  the  former  a  more  or  less  granular,  and  in  the  latter  a 
somewhat  fibrous  structure. 

Besides  the  foregoing,  there  are  present,  especially  in  Grenville 
Ophite,  the  simple  and  branching  structures  noticed  in  the  early 

part  of  this  memoir,  or,  as  they  have  been  named,  "  definite  shapes," 

*  As  soon  as  we  had  become  fully  conyinced  that  all  the  parts  of  "  Eozoon 

Canadense "  were  of  mineral  or  crystalline  origin,  we  announced  the  circum- 
stance in  one  of  the  weekly  periodicals,  promising  at  the  same  time  to  lay  before 

the  public  at  an  early  opportunity  the  various  evidences  and  considerations 

which  sustained  us  in  our  views.    (See  '  Header,'  June  10,  1865,  p.  660.) 
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which  "  differ  remarkably  in  size  and  form,"  being  caulescent,  scopi- 
form,  ramose,  dendritic,  claviform,  or  sheaf-like,  and  resembling  in 
many  respects  certain  cryptocrystalline  aggregations  known  to  mi- 

neralogists. They  occur  in  immediate  contact  with  the  "  chamber- 
casts,"  rising  directly  out  of  them,  occasionally  resting  against  the 
asbestiform  layer,  likewise  seemingly  in  no  way  connected  with 
anything,  being  in  appearance  isolately  imbedded  in  the  calcite  of 
the  septa*.  In  general  their  physical  characters  have  a  resemblance 
to  those  of  the  "white  amorphous  masses,"  excepting  that  they  are 
somewhat  more  compact,  and  have  a  lustre  and  colour,  especially  in 
their  centre,  approaching  to  the  translucency  and  green  tint  of  the 
*'  chamber-casts." 

Comparing  the  "  amorphous  masses  "  with  the  "  definite  shapes,'* 
there  is  certainly  considerable  dissimilarity  between  them ;  never- 

theless the  more  examples  we  examined,  the  more  we  felt  ourselves 
constrained  to  agree  with  Dr.  Carpenter  that  both  are  modifications 
of  one  typef.  But  as  regards  their  origin,  we  are  under  the  necessity 
of  entirely  discarding  the  opinion  which  ascribes  it  to  organic 
structures. 

Previously,  however,  to  going  into  this  question,  we  deem  it  right 
to  show  that  similar  bodies,  more  or  less  agreeing  with  the  *'  amor- 

phous masses  "  and  "  definite  shapes,"  are  not  uncommon  as  imbedded 
crystalline  aggregations.  The  subject  hitherto  has  received  but  httle 
attention,  all  that  is  known  of  it  being  confined  to  a  few  papers 
which  seem  to  have  attracted  scarcely  any  notice. 

As  far  back  as  1813  and  1815,  Dr.  MaccuUoch  brought  under  the 

notice  of  the  Geological  Society  some  singular  vermicular  "  forms 
in  which  chlorite  is  disposed,"  occurring  in  chalcedony  and  quartz  $ ; 
and  in  1849,  Prancis  Alger  briefly  described  some  similar  "  imitative 
shapes  "  of  mica  enclosed  in  crystals  of  quartz  from  Yermont,  which, 
had  they  occurred  in  "  eozoonal  rock,"  would  have  been  taken  for 
casts  of  tortuous  canals  §.  Native  metals,  notably  copper  and  sUver, 
likewise  metallic  oxides,  are  well  known  to  occur  as  imbedded  arbo- 
rescences||.  The  Museum  of  Trinity  College,  Dublin,  contains  a 
beautiful  arborescent  example  of  native  silver,  imbedded  in  calcite, 
strikingly  resembling  the  dendritic  ramifications  in  Grenville  Ophite ; 
and  there  is  now  before  us  a  singularly  apposite  specimen,  of  a  less 
complex  character  however,  for  which  we  are  indebted  to  Dr.  Prazer 
of  Dublin,  consisting  of  slender  simple  as  well  as  branching  stems 
of  pyrites,  imbedded  in  the  same  kind  of  matrix.  But  it  is  from 
decalcification  that  the  most  important  results  may  be  expected  to 
be  obtained  in  our  favour.  Many  of  the  examples  of  the  so-called 

"  siliceous  skeleton,"  got  by  M.  Alphonse  Gages  from  various  rock- 

*  In  polished  specimens  of  Grenville  Ophite,  both  the  "  amorphous  masses  " 
and  the  "  definite  shapes  "  may  with  a  good  pocket-lens  often  be  detected  lying 
imbedded  in  the  calcite  of  the  septa,  from  which  they  are  well  distinguished  by 
their  milk-white  appearance. 

t  See  '  Intellectual  Observer,'  vol.  vii.  pp.  293,  294. 
I  Trans.  Geol.  Soc.  1st  ser.  vol.  ii.  pi.  36.  figs.  2  &  3 ;  also  vol.  iv.  pi.  27.  fig.  1. 
§  American  Journal  of  Science,  2nd  ser.  vol.  x.  pp.  14&  15. 
II  Most  specimens  of  the  kind  seen  in  cabinets  are  partially  or  wholly  decalcified. 
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specimens  which  he  digested,  are,  in  our  opinion,  homologous  to  the 

"definite  shapes"*.  Pieces  of  impure  "primary"  marble  from 
Barna-Oran,  Connemara,  treated  in  the  same  way,  have  yielded  to 
us  numerous  aggregations  of  crystals  apparently  belonging  to  actino- 
lite.  Another  marble  of  the  like  kind,  from  a  neighbouring  locality, 
contains  irregular  lumps,  having  a  lamello -prismatic  structure,  which 

appear  to  be  diopside.  A  very  impure  "  primary  "  limestone,  from 
Donegal,  containing  large  crystals  of  a  brown  mineral,  apparently 
Epidote,  is  filled  with  prismatic  masses,  the  prisms  being  either 
parallel  or  radiating.  These  examples  have  certainly  no  resemblance 

to  the  "  definite  shapes ;  "  but  it  will  shortly  be  seen  that  there  is  a 
relationship  between  the  former  and  certain  representatives  of  the 

latter  occurring  in  different  varieties  of  "  eozoonal "  Ophite. 
The  so-called  "  Moss-agates  "  often  contain  beautiful  arborescent 

and  foliated  forms.  The  specimen  already  noticed  contains  a  number 

of  thickish  vermicular  shapes,  seemingly  composed  of  hydrous  per- 
oxide of  iron :  their  branchings  and  anastonicfeings,  amidst  a  mass 

of  transparent  chalcedony,  forcibly  remind  one  of  some  of  the  simplest 

of  the  "  definite  shapes."  We  have  also  in  our  possession  a  beautiful 
specimen,  obtained  along  with  a  large  number  collected  at  Oberstein, 
which  is  crowded  with  slender  cylindrical  dendritic  ramifications, 
red,  green,  and  yellow,  evidently  all  hydrous  oxides  of  iron :  several 
of  these  so  decidedly  resemble  the  more  complex  structures  in  ques- 

tion as  to  surprise  us  that  no  one  has  suggested  the  possibility  of 
their  identity  of  origin.  For  our  part,  we  unhesitatingly  accept 

this  last  case  as  proving  that  the  so-called  "  canal- system "  of 
"  Eozoon  Canadense  "  is  a  phenomenon  of  "  imitative  crystallization." 

Perhaps  none  of  the  imbedded  crystallizations  we  have  brought 

forward  agree  chemically  with  the  "  definite  shapes."  Those  which 
are  most  nearly  allied  to  them  in  this  respect  do  not  present  their 
identical  form.  There  is  a  case,  however,  as  yet  unnoticed,  against 
which  such  an  objection  cannot  be  urged — ^namely,  metaxite  from 
Beichenstein.  This  mineral,  which  occurs  imbedded  in  saccharoidal 

calcite,  crystallizes  in  ramose  and  dendritic  forms  of  a  pale-green  or 
whitish  colour,  opaque  or  somewhat  porcellanous,  and  compact 
or  fibre -foliaceous  in  texture.  The  crystallizations  occur  both  erect 
and  spreading :  our  largest  specimen  is  about  an  inch  in  diameter ; 
but  they  are  found  much  less.  One  of  our  smallest,  obtained  by  de- 

calcification, is  represented  in  PI.  XY.  fig.  12,  magnified  110  diameters. 

It  is  undistinguishable  from  some  of  the  palmated  dendritic  "  definite 
shapes  "  characteristic  of  GrenviUe  and  Connemara  Ophite ;  and,  ac- 

cording to  Delesse's  analysis,  it  is  doubtless  chemically  identical  with 
themf.  We  have  therefore  no  hesitation  in  concluding  that  the  so- 

called  "  representatives  of  the  canal-system  "  of  ̂^ Eozoon  Canadense  " 
are  no  other  than  crystallizations  of  metaxite,  an  allomorphic  variety 
of  serpentine. 

Eeverting  to  the  "amorphous  masses,"  Dr.  Carpenter,  while 
investigating  the  structure  of"  eozoonal "  Ophite,  undoubtedly  passed 

*  See  '  Philosophical  Magazine,'  4th  ser.  vol.  xvii.  pp.  169-176. 
t  See  analysis  of  metaxite  in  a  preceding  page. 

Vol.  XXII.   PART  I.  Q 
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beyond  the  lines  reached  by  others.  He  made  discoveries  which, 
followed  to  their  legitimate  issue,  clearly  show  that  the  explanation 
advanced  by  Dawson  and  Sterry  Hunt  as  to  the  filling  in  of  the 
"chambers^'  and  other  presumed  sarcode-encasements  is  at  fault. 

The  "  amorphous  masses,"  as  wiU  be  seen  by  referring  to  fig.  17, 
PI.  XY.,  occasionally  assume  a  prismatic  structure,  with  the  prisms 
closely  adherent  to  one  another  laterally.  We  presume  that  this 
example,  if  not  strictly  identical  with,  is  closely  related  to  those 
which  have  been  described  as  consisting  of  "  parallel  lamellae  dis- 

posed like  the  leaves  of  a  book,"  or  of  "  sohd  bunches  of  rounded  fila- 
ments, reminding  one  of  a  sailor's  '  swab.' "  The  ̂ '  nature  "  of  these 

bodies  "was  for  a  long  time  a  puzzle"  to  Dr.  Carpenter;  but, 
doubtless  perceiving  that  they  are  often  compact  and  solid — that  their 
"  parallel  lamellae  "  and  "  rounded  filaments  "  have  not  been  bounded 
by  walls,  the  conclusion  is  drawn  that  they  are  "  are  in  each  case 
but  a  mere  aggregation  of  the  elementary  forms  of  sarcode-prolonga- 
tion :  "  in  what  way  wiU  be  seen  immediately.  Thus  the  same  diffi- 

culty or  puzzle  meets  us  here  which  we  encountered  when  consider- 
ing the  nature  of  the  asbestiform  layer,  numerous  examples  of  which, 

it  wiU  be  recollected,  showed  no  appearance  of  its  presumed  pseudo- 
podial  tubules  having  been  separated  by  parietal  partitions. 

Now,  considering  that,  on  the  foraminiferal  view,  all  the  parts  of 

"  Eozoon  Canadense,^'  with  the  exception  of  the  "  intermediate  skele- 
ton," must  be  regarded  as  the  result  of  infiltration,  mechanical  or 

chemical,  it  is  obvious  that  the  mode  in  which  this  process  has  been 

effected  is  of  primary  importance  in  the  main  question  under  discus- 
sion ;  we  may  therefore  be  excused  acceptiug  auy  explanation  of  the 

process,  unless  it  accounts  for  the  present  appearances  of  aU  the 
presumed  sarcode-encasements. 

Dr.  Dawson  and  Dr.  Sterry  Hunt's  explanation,  although  simple, 

scientific,  and  supported  by  numerous'  cases  among  existing  and 
fossil  foraminifers,  becomes'a  failure  if  carried  beyond  the  "  chamber- 
casts  "  and  the  ramose  or  branching  representative  of  the  "  canal- 
system."  Dr.  Carpenter  has  proposed  another,  which,  although  in- 

tended toaccountfor  the  usual  appearances  of  the  "  amorphous  masses" 
and  the  "asbestiform  layer,"  has  failed  in  our  opinion  more 
signally — no  known  fact  or  principle  of  geology,  mineralogy,  palae- 

ontology, and  chemistry  being  known,  as  far  as  we  are  cognizant  of 
them,  to  support  the  view  that  "  the  siliceous  mineral  found  its  way 
into  the  cavities  of  the  Eozoon,  not  by  mere  mechanical  infiltration 
occasioned  by  pressure  from  without,  but  by  a  process  of  chemical 
substitution,whiGh  took  place,  particle  by  particle,  between  the  sarcode- 
body  of  the  animal  and  certain  constituents  of  the  ocean  waters, 

before  the  destruction  of  the  former  by  ordinary  decomposition"*. 

*  The  italics  are  Dr.  Carpenter's.  This  hypothesis  is  more  fully  given  in 
the  Intellectual  Observer,  vol.  vii.  p.  290,  and  p.  294  (upper  paragraph) ;  also 
in  the  Proceedings  of  the  Hoyal  Society  of  London,  vol.  xiii.  p.  546.  Having 
never  seen  any  account  of  the  suggestion  made  by  Professor  Milne-Edwards 
'*  with  regard  to  the  infiltration  of  fossil  bones  and  teeth,  in  the  course  of  the 
discussion  which  took  place  on  the  Abbeville  jaw,"  we  are  necessarily  unac- 
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We  feel  ourselves  next  called  upon  to  show  that  the  "  amorphous 
masses  "  are  purely  of  mineral  or  inorganic  origin. 

The  Canadian  examples  of  these  bodies  are  remarkably  uniform  in 
possessing  no  more  than  a  rude  divisional  structure  and  a  starch- 

like dullness;  but  occasionally  they  present  a  diiferent  appearance. 
Referring  agaia  to  figure  17,  the  specimen  which  it  represents  has  a 
somewhat  rhomboidal  shape,  a  well-defined  prismatic  structure,  and 
an  incipient  lustre :  its  prisms  are  for  the  most  part  parallel  and 
closely  adherent  to  one  another ;  but  at  the  sides  they  separate, 
diverge,  or  curve  outwardly,  thus  approximating  to  the  scopiform 

and  sheaf^like  ̂ '  definite  shapes"*. 
In  these  compact  specimens  the  divisional  structure  is  so  essentially 

mineral,  such  as  may  be  seen  in  tremolite,  kyanite,  wollastonite, 
scapolite,  &c.,  as  to  prevent  any  mineralogist  believing  otherwise 
than  that  it  is  in  no  respect  related  to  anything  organic :  and  the 
belief  is  powerfully  supported  by  the  fact  that  specimens  approxi- 

mately similar,  both  in  form  and  structure,  are  common,  as  men- 
tioned before,  imbedded  in  some  of  the  primary  calcareous  marbles 

of  Connemara  and  Donegal ;  nay,  it  may  be  regarded  as  demonstrated 
by  the  occurrence  of  similar  prismatic  specimens  which  we  find  lying 
adjacent  to  grains  of  chondrodite  in  saccharoidal  calcite. 

The  "  definite  shapes  "  are  essentially  Canadian,  since  rarely  are 
they  detected  in  Ophite  from  other  places.  Por  a  long  time  our  de- 

calcifications of  Connemara  specimens  of  this  rock  yielded  no  more 
than  a  few  imperfectly  formed  rod-like  and  caulescent  bodies,  which 
differ  mainly  from  the  simplest  of  the  Canadian  forms  in  having  a 
more  crystalline  appearance.  We  have  been  rewarded,  however, 
just  before  finishing  this  paper,  by  the  discovery  in  Ophite  from 
Glanochan  and  Lisoughter  of  perfectly  genuine  examples — complex 
ramose  and  dendritic  forms,  with  more  or  less  cylindrical  stems  and 
branches — ^which  occur  crowding  the  decalcified  passages.  Both  in 

appearance,  and  circumstances  of  occurrence,  they  cannot  be  "dis- tinguished from  ordinary  examples  in  Grenville  Ophite f ;  and  they 
closely  resemble  those  figured  by  Dawson  $,  Carpenter  §,  and  Eupert 
Jones  II . 

Nothing  of  the  kind  has  yet  occurred  to  us  in  any  varieties  of 
Ophite  we  have  examined  from  the  Isle  of  Skye,  India,  Donegal, 

quainted  with  it ;  but  possibly  its  bearing  has  been  misunderstood,  as  certainly 

is  Dr.  Sterry  Hunt's  opinion  (thus  stated  by  Dr.  Carpenter),  "  that  the  siliceous 
infiltration  of  the  cavities  of  the  Eozoon  was  the  result  of  changes  occurring 

before  the  decomposition  of  the  animal."  (See  Proc.  Eoy.  Soc.  London,  vol.  xiii. 
p.  546.) 

*  Another  specimen  before  us  approaches  still  nearer  to  the  sheaf-like  forms 
by  having  all  the  prisms,  which  are  somewhat  apart,  ranged  in  two  divergent 
series. 

t  Whatever  doubts  may  have  hitherto  existed  in  the  mind  of  some  as  to  the 
Connemara  Ophite  being  "eozoonal,"  the  existence  therein  of  the  "definite 
shapes  "  and  the  "  proper  wall "  completely  identifies  it  with  that  from  GrenviUe. 

\  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  pi.  vii.  fig.  4. 
§  Ibid.  pi.  viii.  fig.  5  b,  c. 
\  Popular  Science  Eeview,  vol.  iv.  pi.  xv.  figs.  6  and  7. 

q2 
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Bavaria,  and  the  State  of  Delaware.  In  the  Skye  variety,  the 

decalcified  passages  exhibit,  in  addition  to  the  '^  white  amorphous 
masses,"  several  thickish  dendritic  aggregations,  composed  of  minute 
granules,  which  agree  in  colour,  and  apparently  in  composition,  with 
the  "chamber-casts"*. 

The  passages  in  the  Indian  Ophite  contain  a  few  ill-defined 
branching  bodies  of  a  somewhat  crystalline  appearance,  along  with  a 
large  number  of  six-sided  tabular  crystals,  apparently  of  chlorite, 
which  cross  the  passages  in  all  directions  f. 

The  Donegal  Ophite  contains  an  abundance  of  crystalline  aggre- 
gations similarly  situated — and,  in  addition,  a  number  of  plates,  some 

laminated,  and  others  formed  of  intersecting  crystals,  which  appear 

to  correspond  to  the  Canadian  and  Connemara  "  amorphous  masses  "J. 
The  Delaware  Ophite  is  somewhat  different,  inasmuch  as  the 

crystalline  aggregations  and  amorphous  masses  are  oftener  closely 
associated  than  usual;  and  the  former  are  frequently  masked  with  the 
latter.  The  crystals  of  the  aggregations  sometimes  assume  a  den- 

dritic disposition;  but  they  are  more  generally  interlacing,  and  thus 
form  thickish  reticulated  plates.  A  number  of  associated  passages  are 
occasionally  nearly  filled  with  amorphous  (i.  e.  flocculent)  matter, 
broken  up  into  parallel  or  divergent  plates,  with  a  loose  texture  §. 

In  a  variety  of  Ophite  from  Bavaria,  a  specimen  of  which  has  been 
obligingly  presented  to  us  by  Sir  Charles  Lyell,  Bart.,  the  decalcified 
passages  contain  a  large  number  of  white  crystalhne  tufts,  more  or 
less  resembling  those  characterizing  the  Donegal  and  Connemara 
rocks.     They  are  unaccompanied,  however,  by  crystals  of  mica, 

*  In  the  Isle  of  Skye  Ophite,  the  "chamber-casts,"  which  affect  a  sort  of 
lamino-acerviiline  arrangement,  have  the  ordinary  form  and  mode  of  attach- 

ment, and  consist  of  a  dull-white  or  pale-green  serpentine,  or  possibly  pyro- 
sclerite :  they  are  small,  and  much  crowded  together,  resembling  in  these 
respects  the  granules  in  some  of  our  Lisoughter  specimens.  The  decalcified 

passages,  in  addition  to  the  "amorphous  masses"  and  "  dendritic  aggregations  " 
noticed  in  the  text,  are  filled  with  very  minute  filiform  crystals,  similar  to  those 
occurring,  as  will  be  seen  hereafter,  under  the  same  circumstances  in  Grenville 

and  Connemara  Ophite.  The  "chamber-casts"  are  occasionally  invested  with 
the  "  proper  wall,  which  consists  of  both  parallel  and  divergent  aciculi.  Hence 
no  doubt  can  be  entertained  as  to  the  "  eozoonal "  character  of  the  Isle  of  Skye 
Ophite. 

t  The  "chamber-casts"  of  this  variety  are  connected  as  ordinarily,  and  ar- 
ranged acervulinely,  but  aggregated  into  various  groups,  differently  coloured, 

a  group  consisting  of  either  green,  blue,  buff,  or  white  granules  of  serpentine  (?). 
In  some  groups  the  granules  are  unusually  small.  The  various  colours  give  a 
beautiful  appearance  to  this  Ophite. 

I  The  plates  occasionally  consist  internally  of  serpentine,  more  or  less  split 

up,  and  coated  with  white  crystals.  Way,  the  serpentine  of  the  "  chamber-casts" 
may  be  seen  similarly  divided,  also  changing  into  a  substance  resembling  that 

of  the  "  amorphous  masses." 
§  The  asbestiform  investment,  which  the  "  chamber-casts  "  or  granules  of  the 

Delaware  Ophite  usually  display,  has  already  been  noticed.  The  latter,  com- 
posed of  a  yellowish-coloured  serpentine  (?),  are  imbedded  in  saccharoidal 

calcite.  They  are  more  irregularly  shaped  and  of  larger  size  than  usual,  often 
completely  separated  and  wide  apart,  frequently  attached  to  one  another  by 
long  neck-like  connecting  pieces,  and  acervuline  in  their  arrangement.  We  are 
indebted  to  the  Eev.  Dr.  Haughton  for  this  variety,  as  well  as  that  from  India, 
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pyrosclerite,  chlorite,  &c. ;  but  associated  with  them  are  numerous 

"white  amorphous  masses"  of  a  granular  texture — some  vitreous,  and 
others  opaque.  The  tufts  are  aggregations  of  stout,  tapering,  slightly 
translucent  crystals,  which  divide  or  rudely  radiate,  strike  oif  from 

points  on  the  surface  of  the  ''chamber- casts,"  spring  out  of  the 
"  amorphous  masses,"  or  lie  imbedded  in  the  residual  calcite  of  the 
passages.  The  crystals  are  not  so  slender  as  those  in  the  Conne- 
mara  Ophite ;  nor  do  any  of  them,  individually  or  aggregately,  show 
such  a  decided  tendency  as  those  of  the  latter  rock  to  simulate  the 
Canadian  dendritic  ramifications*. 

If  so  few  "  definite  shapes  "  occur  in  the  Connemara  Ophite,  they 
are  undoubtedly  well  represented  by  numerous  crystalline  aggrega- 

tions, which,  together  with  the  ''  amorphous  masses,"  occupy  the 
decalcified  passages,  often  to  the  almost  entire  exclusion  of  the  cal- 

careous matter  proper  to  the  ''skeleton"  or  septa f.  The  cr^'stals, 
which  are  acicular,  and  separated,  or  in  contact,  variously  diverge, 
radiate,  or  intersect  one  another,  shooting  athAvart  the  passages  in 
all  directions.  The  aggregations  may  be  completely  followed  into 

the  true  "  definite  shapes,"  already  noticed,  through  a  variety  of  in- 
termediate forms  t. 

The  conformity  between  the  Connemara  and  Grenville  varieties 

of  Ophite,  declares  Dr.  Carpenter,  "  is  so  close  as  to  leave  no  doubt 
on  my  mind  as  to  the  organic  origin  of  the  former."  "I  find,  in  place 
of  a  continuous  asbestiform  layer  covering  the  segments §,  long 
straight  bundles  of  asbestiform  filaments  radiating  from  them. 
What  is  the  import  of  these — whether  they  represent  a  part  of  the 
original  structure  of  the  animal,  or  are  (as  I  am  disposed  to  suspect) 
a  product  of  subsequent  metamorphism — is  a  point  which  must  be 
reserved  for  further  investigation"  ||.  If  our  interpretation  of  the 
supposition  contained  in  this  passage  be  correct,  it  implies  that,  in 

Dr.  Carpenter's  opinion,  the  crystalline  aggregations  were  originally 
"  definite  shapes  " — internal  casts  of  tubular  passages — w^hich  have 

*  This  Ophite  presents  a  somewhat  unusual  appearance,  inasmuch  as  the 
*'  chamber-casts "  are  aggregated  in  the  form  of  comparatively  thin  plates, 
which  frequently  anastomose,  producing  a  sort  of  network,  its  meshes,  which 

are  wide,  being  the  "  calcareous  septa."  Nor  are  the  "  chamber-casts  "  in  general 
so  neatly  segmented  as  in  other  varieties  of  Ophite.  They  are  composed  of  two 
kinds  of  minerals  :  one,  of  an  impure  leek-green  colour,  displays,  on  fracture, 
a  lamellar  cleavage,  with  pearly  planes  ;  the  other  is  darker,  often  quite  black. 
The  former  is  possibly  pyrosclerite,  and  the  latter  may  be  impure  loganite. 
They  are  occasionally  coated  with  a  forest  of  short  slender  diverging  crystals, 
which  might  be  taken  to  represent  the  "  proper  wall." 

t  See  PL  XV.  fig.  13.  In  this  example  the  crystalline  aggregations  are  less 

numerous  than  usual,  and  they  are  remarkably  free  from  the  "  white  amorphous 
masses." 

X  We  find  these  aggregations  to  be  soluble  in  hot  sulphuric  acid,  like  the 

granules  and  other  "  eozoonal"  parts ;  from  which  it  may  be  inferred  that  they 
are  composed  of  a  hydrous  silicated  magnesia,  and  consequently  cannot  belong 
to  a  variety  of  pyroxene  or  augite.  They  probably  represent  another  allomorph 
of  serpentine,  and  are  in  all  probability  a  more  crystalline  form  of  metaxite. 

§  The  asbestiform  layer,  however,  as  will  have  been  seen,  docs  exist  in  Con- 
nemara Ophite. 

II  Intellectual  Observer,  vol.  vii.  pp.  297,  298. 



206  PEOCEEDINGS  OP  THE  GEOLOGICAI  SOCIETY.  [Jan.  10, 

lost  their  original  forms  {cylindrical,  flattened,  or  branching)  through 
superinduced  crystallization.  If  such  an  hypothesis  ibe  admitted, 
the  imbedded  crystalline  aggregations,  with  which  many  of  the  Con- 
nemara,  Donegal,  and  other  saccharoidal  marbles  are  loaded,  may  be 
considered,  with  equal  reason,  to  be  the  metamorphosed  or  crystallized 

representatives  of  the  "  canal-system  of  Bozoon."  Another  consider- 
ation may  be  adduced:  Ophite,  consisting  of  dark-green  serpentine, 

or  more  probably  loganite,  is  of  common  occurrence  at  Lisoughter, 
intermixed  with,  and  passing  into  white  or  yellowish  crystalline  tufts, 
averaging  an  inch  in  length.  We  find  the  latter  to  be  structurally 
and,  to  aU  appearance,  chemically  identical  with  the  micro -crystal- 

line aggregations  which  occur  in  the  true  "  eozoonal "  variety  from 
the  same  place. 

JSTow  we  would  ask  any  mineralogist  to  make  himself  acquainted 

with  the  known  modifications  of  the  "  canal-system"  of  foraminifers*, 
and  to  conceive  the  possibility  of  such  modifications  assuming  cha- 

racters identical  in  every  respect  with  ordinary  scopiform  crystal- 
lization— precisely  such  as  are  met  with  among  zeolites,  kermesite, 

and  a  number  of  other  minerals  f.  Let  him  compare  the  latter  with 

the  presumed  metamorphosed  representative  of  the  ̂ '  canal-system," 
given  in  figure  14,  PL  XV.,  magnified  210  diameters,  of  which  the 

original  occurs  in  a  decalcified  specimen  of  "  eozoonal"  Ophite  from 
Lisoughter ;  and  let  him  consider  that  this  is  a  fair  example  of  what 

he  is  required  to  believe  was  once  ''  an  internal  cast  of  an  arbores- 
cent '  cluster '  of  passages  originally  occupied  with  sarcodic  prolonga- 

tions." 
The  dissimilarities  existing  between  the  "definite  shapes"  and 

the  crystalline  aggregations  are  simply  such  as  obtain  among  a 
number  of  minerals  J.  Aragonite  differentiates  itself  in  a  similar 
manner,  being  crystallized  or  coralloidal  according  to  circumstances§. 
Native  silver  is  perhaps  more  in  point,  as  beautiful  dendritic  forms, 
some  composed  of  microscopic  crystals,  others  of  the  metal  in  the 
amorphous  state,  frequently  occur  imbedded  in  calcite. 

Eut  admitting  in  the  widest  sense  the  dissimilarities  which  have 
been  noticed,  they  nevertheless  do  not,  in  our  opinion,  weaken  in  the 

*  Numerous  examples  are  given  in  Carpenter's  '  Introduction  to  the  Study 
of  the  Foraminifera.' 

t  Fossil  corals,  echinoderms,  and  shells  may  have  their  skeletons  replaced 
by  dolomite,  calcite,  selenite,  and  other  mineral  substances ;  but  we  confess  to 
be  unacquainted  with  a  single  instance  in  which  a  portion  of  this  part  has  be- 

come transformed  into  crystals  passing  beyond  its  surface.  As  a  case  in  point, 
the  corals  occurring  in  the  dioritic  rock  of  Rothau,  in  the  Vosges,  are  changed 
into  hornblende,  garnet,  and  axinite,  without  any  alteration  of  form.  (See 

'  Annales  des  Mines,'  6^  serie,  vol.  xii.  p.  318.) 
J  To  show  one  of  the  principal  differences  referred  to,  we  may  instance  the 

example  under  fig.  3  in  the  "tinted  plate"  appended  to  Dr.  Carpenter's  paper 
in  the  '  Intellectual  Observer,  and  the  one  represented  in  our  figure  14,  pi.  XV. 

§  Beudant  has  given,  in  his  '  Mineralogie,'  p.  49,  a  representation  of  a  coral- 
loidal form  of  Aragonite,  which  strikingly  resembles  the  "  representative  of  the 

canal-system,"  given  by  Dr.  Carpenter  in  the  plate  cited  in  the  last  note.  Of 
course  the  former  may  have  been  developed  in  a  fluid  medium, — a  condition, 
however,  to  which  we  do  not  attach  much  importance. 
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least  the  view  we  have  taken  as  to  the  origin  of  the  "  definite 
shapes ;"  rather  the  contrary,  inasmuch  as  if  it  be  admitted  that 
these  parts  represent  an  essential  structural  element,  like  the 

"canal-system"  of  certain  existing  foraminifers,  it  follows  that 
what  are  considered  to  be  the  fossilized  remains  of  the  system  in 
Ophite  from  the  other  side  of  the  Atlantic  ought  to  be  present  in 
that  occurring  in  other  countries,  provided  the  two  rocks  agree  in 

other  essential  respects.  Kow  the  "  definite  shapes  "  imbedded  in 
the  calcareous  "  septa  "  of  the  Canadian  Ophite  are  relatively  situ- 

ated just  as  the  crystalline  aggregations  are  in  the  Irish  and  other 
varieties. 

Keviewing  all  that  has  been  brought  forward  in  connexion  with 
the  subject  before  us,  what  other  conclusion  can  we  come  to  than 

that  it  is  of  crystalline  origin*  ?  Lastly,  the  ̂ '  very  remarkable  dif- 
ferences in  size  and  form  "  which  the  "  definite  shapes  "  display  is 

opposed  to  the  idea  of  their  being  representatives  of  the  "  canal- 
system," — considering  that  Nature  generally  adheres  to  uniformity 
of  plan  in  essential  parts,  even  amongst  the  lowest  animal  organisms, 

and,  more  especially,  that  no  such  ''very  remarkable  differences" 
have  been  seen  to  characterize  the  "  canal-system  "  of  any  known 
foraminifer,  fossil  or  recent. 

VI.  ''Stolon-passages.^^ 
No  one  having  examined  specimens  of  the  various  kinds  of 

"  eozoonal "  Ophite  can  read  the  papers  by  Dawson,  Carpenter,  and 
Eupert  Jones,  without  arriving  at  the  conclusion  that  certain  simple 

forms,  which  they  have  regarded  as  "  casts  of  stolon-passages,"  are 
only  modifications  of  other  structures  associated  with  them.  We 
possess  some  remarkably  fine  specimens  of  the  rock  from  Lisoughter, 
in  which  may  be  frequently  seen,  not  only  a  long  scopiform  tuft, 
composed  of  divergent  or  subparaUel  crystals,  forming  a  union 

between  two  "  chamber-casts  "  or  granules  of  serpentine,  but  occa- 
sionally a  well-defined  plate  holding  the  same  office :  in  some  in- 
stances as  many  as  three  separated  parallel  plates  are  seen  lying 

together.  The  latter  have  frequently  a  granular  texture,  like  that 

of  the  ''white  amorphous  masses;"  occasionally,  however,  they 
are  somewhat  compact,  slightly  translucent,  and  of  a  greenish-white 

colour.  Thus,  "  stolon-passages  "  are  formed  by  representatives  both 
of  the  "  definite  shapes,"  and  the  '•  chamber-casts."  Fig.  13,  PI.  XY. 
shows  a  decalcified  specimen  from  Lisoughter,  magnified  2b  diameters 
times,  containing  a  well-marked  case  of  three  adjacent  granules  united 
by  means  of  crystalline  tufts  ;  also  another  (in  the  middle  of  the  lower 
part  of  the  figure),  consisting  of  two  granules  connected  by  three 
slightly  granular  plates :  this  last  is  additionally  illustrated  in  fig.  15, 
PI.  XY.,  magnified  120  diameters.     One  of  these  granules  is  con- 

*  Canadian  "eozoonal"  rock,  it  would  appear,  does  not  always  differ,  in  its 
"  representatives  of  the  canal-system,"  from  Connemara  Ophite,  inasmuch  as 
Dr.  Dawson  notices  specimens  in  which  there  is  a  "  development  of  certain 
dendritic  crystallizations."  Are  these  in  place  of  the  "  definite  shapes  "  ?  (See 
Quart.  Journ.  Geol.  Soc,  vol,  xxi.  p.  68.) 
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nected  with  another  to  the  left  by  an  elongated  neck-like  constriction 
composed  of  their  own  substance — serpentine. 

Undoubtedly  there  also  occur  bodies  having  no  relation  to  either 

the  "  definite  shapes"  or  the  "  chamber-casts."  We,  too,  have  seen 
examples  in  Grenville  Ophite  "  of  a  mode  of  communication,  of  the 
chambers  when  they  are  completely  separated,  which,"  in  certain 
aspects,  appears  to  "  have  its  exact  parallel  in  Cydoclypeus :"  it  con- 

sists of  thickish,  pale-grey,  translucent,  parallel-sided  pieces,  with 
a  subdued  silky  lustre,  stretching  across  the  decalcified  passages,  and 

connecting  opposite  "  chamber-casts,"  as  in  PL  XIV.  fig.  10,  magnified 
105  diameters.  When  these  pieces  were  first  detected,  we  had  no 

doubt  whatever  of  their  being  true  "  casts  of  stolon-passages  ;"  but 
afterwards,  on  a  rigid  reexamination,  we  found  every  one  of  them  to 
be  nothing  more  than  a  flattened  or  table-shaped  crystal  of  what 
appears  to  be  pyrosclerite*  placed  edgeways  or  perpendicular  to  the 
plane  of  section,  and  wedged  in  between  two  granules.  The  total 
distinctiveness  of  the  former  from  the  latter,  a  circumstance  incon- 

sistent with  their  being  "  casts  of  stolon-passages,"  is  unmistakeably 
marked  by  their  colour,  lustre,  and  well-defined  terminations.  It 
thus  becomes  evident  that  the  position  of  these  crystals  had  misled 
us  (and  we  may  be  allowed  to  suggest  this  to  have  been  the  case 

with  other  investigators),  and  that  certain  of  the  "narrow  passages  " 
which  have  been  regarded  as  ''  exactly  corresponding  to  those  in 
Cydoclypeus "  are  not  so ;  for  instead  of  being  cylindrical,  like  the 
"  canals"  represented  in  figures  of  this  foraminifer,  they  are  broad, 
flat,  and  parallel-sided.  In  numerous  instances  the  crystals  of  pyro- 

sclerite extend  only  partially  across  the  passages,  "forming  mere 
tongues,"  which  have  been  misconceived  to  "  represent  correspond- 

ing extensions  of  the  sarcode-body  "t.  When  two  or  more  crystals 
are  associated  and  lie  parallel  to  one  another,  or  when  a  single 

crystal  is  divided,  by  cleavage -partings,  we  are  strongly  reminded  of 
the  example  represented  in  the  '  Quarterly  Journal  of  the  Geological 
Society,'  vol.  xxi.  pi.  vii.  fig.  2.  In  some  eases,  a  "  white  amorphous 
mass,"  rudely  laminated,  as  in  PI.  XIY.  fig.  11,^  magnified  105  dia- 

meters, is  interposed  between  a  crystal  and  a  granule,  linking^the  two 
together. 

We  ha^e  also  seen  similarly  flattened  crystals  fixed  in  the  calcite 
of  incompletely  decalcified  passages.  Crystals  of  the  same  mineral, 
.x}ccurring  under  precisely  similar  circumstances,  characterize  the 
Ophite  from  Glanochan  and  other  Connemara  localities ;  also  nume- 

rous tabular  crystals  of  mica.  Crystals  of  chlorite,  occupying  the 
same  situation,  occur  numerously  in  the  Indian  Ophite. 

*  Pyrosclerite  or  white  chlorite,  a  hydrous  silicate  of  magnesia  and  alumina, 
occvirs  both  amorphous  and  crystallized,  Dana  describes  it  as  "  hexagonal(?)," 
and  having  a  "  perfect  basal  cleavage."  The  crystals  noticed  in  the  text  might 
be  considered  to  be  modified  rhombic  tables :  they  are  translucent,  of  a  pale 
greenish  colour,  have  a  weak  lustre,  and  show  a  transverse  lamellar  cleavage. 
We  took  them  at  first  for  crystals  of  some  kind  of  mica ;  but  their  lustre  is  not 
sufficiently  glistening.  Amorphous  pyrosclerite,  in  large  lumps,  occurs  near  the 
Barna-Oran  Ophite-quarry  (Connemara).  This  variety  was  analyzed  by  one  of 
us  a  few  years  ago.     (See  British  Association  Eeport  for  1860,  Sect.  pp.  71,  72.) 
t  Carpenter,  Quart.  Journ.  Gfeol.  Soc.  vol.  xxi.  p.  62. 
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YII.  "  Sarcode-cliamhersJ' 

As  already  noticed,  the  granules  considered  to  represent  these  parts 
are  simulated  by  wavellite.  The  same  may  be  said  of  prehnite  and 
several  other  minerals.  The  imbedded  aggregations  of  garnet  and 

leucite  may  be  regarded  as  modified  examples.  "We  often  find  a close  resemblance  between  them  and  the  concretions  of  native  copper 
in  porphyry  from  Canada,  of  olivine  in  lava  from  the  Ponza  Islands, 
and  of  small  zeolitic  kernels  in  amygdaloidal  trap.  The  crystalloids 
of  pargasite,  whether  imbedded  in  calcite  or  in  woUastonite,  are  even 
closer  parallels.  The  isolated  grains  of  coccolite,  diopside,  and  other 
minerals,  in  Tyree  marble,  are  strictly  analogous  to  the  large  gra- 

nules of  serpentine  isolately  dispersed  through  the  calcite  of  some 

specimens  of  Ophite  from  Lisoughter*.  Chondrodite  frequently 
affords  cases  identical  in  every  respect  with  the  ̂' chamber- casts:" 
specimens  of  this  mineral  from  New  Jersey  are  common  in  a  finely 
granular  state:  the  grains,  which  are  imbedded  in  calcite,  press 
closely  against  one  another,  their  individuality  being  defined  only  by 
faint  segmentations ;  or,  lying  more  or  less  apart,  they  are  either 
completely  separated  or  attached  to  one  another  by  stolon-like  necks 
of  varying  lengths. 

The  characters  and  circumstances  of  condition  of  chondrodite,  when 
it  occurs  as  just  mentioned,  are  so  similar  to  those  displayed  by 

serpentine  in  some  varieties  of  "  eozoonal "  Ophite,  especially  the  one 
examined  by  us  from  the  State  of  Delaware  (also  the  variety  re- 

presented in  figure  13,  PI.  XY.,  from  Lisoughter,  in  which  the  gra- 
nules are  large,  often  isolated,  and  unusually  wide  apart),  that  it  is 

impossible  to  resist  believing  in  the  complete  genetic  identity  of  the 
two  minerals.  Nay,  carry  the  examination  as  far  as  it  is  possible, 
we  feel  certain  that  the  result  will  be  a  full  and  unqualified  surrender 
to  this  belief.  If,  as  Dr.  Dawson  observes,  the  granules  of  serpen- 

tine in  Grenville  Ophite  have  "no  appearance  of  concretionary  struc- 
ture," certainly  the  same  must  be  said  of  the  grains  of  chondrodite, 

pargasite,  and  coccolite  in  the  precited  cases.  Moreover,  if  it  be  ad- 
mitted that  the  former  are  '•  casts  of  sarcode-chambers,"  the  same 

admission  must  be  made  with  respect  to  the  latter. 

Sir  William  Logan  has  noticed  two  remarkable  varieties  of  "eozoonal  rock,'' 
identical  with  Ophite  in  structure,  but  differing  from  it  mineralogically.  In 
one  of  them,  occurring  at  Burgess,  the  granules  or  plates  are  composed  of  dark- 
green  loganite,  and  the  intervening  spaces,  or  matrix,  of  dolomite ;  while  in  the 
other,  from  the  Grand  Calumet,  the  former  consist  of  "crystalline  white 
pyroxene  "  or  diopside,  and  the  latter  of  calcite.  Sir  William  remarked  in  1859, 
with  reference  to  these  two  varieties,  that  if  they  "are  to  be  regarded  as  the 
result  of  unaided  mineral  arrangement,  it  would  seem  strange  that  identical 
forms  should  be  derived  from  minerals  of  such  different  composition."  Hence, 
also  observing  their  structure  to  have  a  resemblance  to  that  of  Stromatopora 
rugosa,he  was  led  to  suppose  both  varieties  to  represent  a  fossil.  (See  Geology 
of  Canada,  1863,  pp.  48,  49 ;  and  Quart.  Journ.  Greol.  Soc.  vol.  xxi.  p.  48.)  At 
first  sight,  we  admit,  there  is  some  reason  for  this  conclusion ;  but  when  it^  is 
considered  that  serpentine  and  diopside  are  mutually^pseudomorphous,  and  that 

*  Specimens  of  this  rock  from  other  places  in  Connemara,  after  having  been 
immersed  for  a  few  hours  in  dilute  hydrochloric  acid,  are  often  resolved  into  a 
mass  of  isolated  granules  scattered  over  the  bottom  of  the  vessel. 
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dolomite  and  ealcite  are  isomorphous,  the  mineralogical  differences  presented 

by  "  identical  forms  "  become  at  once  scientifically  explained.  If  the  opinion  of 
G-ustay  Rose  be  correct,  that  "serpentine  is  always  a  product  of  alteration  "  (see 
Chem.  and  Phys.  Geol,  vol.  ii.  p.  417),  it  would  not  surprise  us  that  what  have  been 

called  "chamber-casts"  will,  in  some  cases,  be  found  to  consist  of  pyrallolite, 
chondrodite,  or  "green pyroxene "'(?pargasite),  as,  inaddition  to  diopside,  these 
minerals,  in  a  finely  granular  state,  arranged  in  layers  and  imbedded  in  ealcite, 
are  often  mingled  with  the  serpentine,  or  its  varieties,  of  this  rock  in  Canada 
(see  Geology  of  Canada,  1863,  pp.  26,  465,  &c.).  We  may  here  take  up  a  point 
alluded  to  in  the  early  part  of  this  memoir.  In  all  the  specimens  of  Cornish 

Ophite  which  we  have  examined,  nothing  like  "  eozoonal "  structure  has  occurred 
to  us,  except  in  a  variety  formed  principally  of  saponite.  This  mineral,  in  one 
of  our  specimens,  is  here  and  there  associated  with  ealcite,  and  in  these  places 
it  shows  a  granular  structure  as  well  developed  as  that  characteristic  of  serpen- 

tine. An  object-glass  magnifying  60  diameters,  exhibits  the  granules  as  true 
"chamber-casts,"  generally  spherical  in  shape,  but  occasionally  elongated  or 
cylindrical  like  those  which  have  occurred  to  us  in  "  eozoonal "  Ophite  from 
Pennsylvania.  They  are  aggregated  in  clusters,  and  defined  by  deep  constrictions 
or  slight  segmentations.  They  also  occur  attached  to  one  another  by  stolon- 

like necks.  As  yet  we  have  failed  to  detect  the  asbestiform  layer  and  the  "  defi- 
nite shapes."  Saponite,  if  Klaproth's  analysis  of  it  be  correct,  may  be  regarded 

as  an  allomorph  of  pyrosclerite ;  or,  as  it  contains  more  water  than  is  allowable 
in  such  a  view,  it  may  be  a  pseudomorph  of  some  other  ophitic  mineral.  But, 
whatever  may  be  the  origin  of  these  granules  of  saponite,  we  leave  the  question 
for  further  investigation. 

With  regard  to  the  arrangement  of  the  granules  of  serpentine  in 
Ophite,  the  same  differences  which  they  display  in  this  respect  obtain 
with  those  of  pargasite  and  other  minerals.  Crystalloids  of  the  one 

named  occur  irregularly  or  '^acervulinely"  scattered  through  a  matrix 
of  saccharoidal  ealcite  ;  but  they  are  also  known  to  occur  arranged 
with  more  or  less  parallelism  in  the  same  base.  And,  according  to 
Sterry  Hunt,  Canadian  Ophite  contains  chondrodite  in  grains  which 

are  sometimes  so  disposed  as  to  mark  "the  stratification  of  the  rock"  *. 
It  is  also  added  that  apatite  occurs  "  with  the  same  banded  arrange- 

ment." 
Connemara  Ophite  is  certainly  in  general  laminated  or  banded  in  a  very  irre- 

gular wavy  manner,  and  difficult  to  understand,  often  presenting  the  most 
singular  and  beautiful  delineations.  In  the  early  stage  of  our  investigations, 
we  considered  the  question  as  to  the  origin  of  the  phenomenon  to  be  set  at  rest 
on  the  view  that  the  rock  had  resulted  from  the  irregular  hummocky  growth  of 

"  eozoon."  But  it  so  happens  that  the  same  kind  of  lamination  frequently  cha- 
racterizes the  gneissoid  limestones  of  Connemara.  Sir  William  Logan  has  given 

a  representation  of  a  precisely  similar  case,  occurring  in  the  Laurentian  rocks 
on  the  river  M^dawaska  (see  Geology  of  Canada,  1863,  p.  27),  which  consists 
of  highly  contorted  thin  layers  of  gneiss,  included  in  a  thickish  bed  of  limestone, 
lying  between  masses  of  evenly  laminated  gneiss. 

From  the  fact  that  certain  minerals,  when  imbedded  in  rocks,  often  affect  a 
definite  or  parallel  arrangement,  which  is  remarkably  the  case  in  graphic 
granite,  globular  diorite  (napoleonite),  &c.,  it  is  conceivable  that  some  of  the 
more  remarkable  cases  of  lamination  presented  by  Grenville  Ophite,  instead  of 
being  depositional,  are  the  result  of  segregation.  But  whatever  view  may  be 
taken  as  to  the  cause  of  the  phenomenon  in  general,  it  is  quite  clear,  from  the 
Madawaska  and  the  like  instances,  that  such  a  cause  is  in  no  way  connected 
with  organic  agencies. 

Certain  rocks,  both  eruptive  and  sedimentary,  exhibit  concretionary 
or  segregated  forms  simulating  the  granules  of  serpentine.     Eefer- 

*  Geology  of  Canada,  1863,  p.  465. 
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ence  has  already  been  made  to  the  cupriferous  porpyhry  of  Canada, 
some  zeolitic  traps,  and  the  olivine-lava  of  the  Ponza  Islands.  We 
shall  next  refer  to  a  remarkable  deposit  of  sedimentary  origin. 

Few  rocks  in  the  entire  series  of  geological  formations  present  any- 
thing like  the  singular  configurations  which  characterize  the  Permian 

Magnesian  Limestone  of  the  neighbourhood  of  Sunderland*.  In 
other  parts  of  Durham,  as  along  the  coast  from  Ryhope  to  Hartle- 

pool southward,  and  from  Marsden  to  near  South  Shields  north- 
ward, this  rock  has  the  ordinary  lithological  structure — earthy,  or 

compact,  occasionally  oolitic,  &c. ;  but  in  many  places  on  both  sides 
of  the  mouth  of  the  Wear,  it  is  more  or  less  crystalline ;  and 
where  this  is  the  case,  there  are  often  exhibited  the  most  remarkable 

forms — honey- combed,  discoidal,  mammillated,  and  hemispherical, 
coralloidal,  stalactitic,  reniform,  globular,  and  botryoidal.  Yery 
frequently  the  amorphous  and  the  crystalline  varieties  are  intimately 
associated,  the  former  serving  as  a  matrix  for  the  latter.  Thus 
constituted,  the  rock  often  displays  the  most  imusual  appearances, 
especially  where  the  amorphous  kind  is  weathered  out — resembling, 
as  the  case  may  be,  massive  courses  of  ruined  masonry,  reefs  of 
petrified  coral,  or  beds  of  brown-rusted  shot  and  cannon-balls. 

Like  most  sedimentary  rocks,  the  Primary  especially,  the  one 
under  consideration  has  its  beds  often  very  much  and  continuously 
divided  by  joints,  varying  extremely  in  their  distance  from  one 
another.  The  beds,  in  consequence  of  this  divisional  structure  and 
the  frequency  of  depositional  partings,  often  occur  as  if  consisting  of 
huge  quasi-rhombohedral  blocks.  And  it  frequently  happens  that 
the  crystalline  forms,  wherever  they  are  numerous  in  such  masses, 
are  seen  to  strike  indifferently  from  the  planes  of  jointing  and  the 
planes  of  bedding :  hence  it  is,  that  dark-brown  branching  crystalline 
coralloids  (imbedded  in  a  lighter- coloured  matrix)  may  be  fre- 

quently observed  striking  inwardly  from  every  face  of  a  block. 
Where  the  beds  are  not  divided  by  jointing,  large  and  small 

mammiUary  and  stalactitic  forms  may  often  be  seen  shooting  off, 
both  upwards  and  downwards,  base  to  base,  from  two  adjacent 
planes  of  bedding,  the  law  of  gravitation  having  been  altogether 
discarded  by  the  mysterious  agent  which  produced  them. 

Erom  various  analyses  of  the  rock,  it  has  been  ascertained  that 
the  configurations  are  composed  of  carbonate  of  lime,  and  that  the 
matrix  consists  (as  is  also  the  case  with  the  associated  ordinary  lime- 

stones) of  carbonate  of  lime  and  magnesia.  It  is  therefore  highly 
probable  that  the  absence  of  the  magnesian  constituent  in  the  con- 

figurations is  not  an  original  condition,  but  the  result  of  some  kind 
of  segregative  action:  and  it  would  seem  that  the  agent  which 
produced  this  result  had  gained  admission  into  the  very  heart  of  the 
beds  through  their  joints  and  depositional  partings,  indifferently 

*  These  configurations  Verel  first  described  by  Professor  Sedgwick,  in  his 
classical  memoir  "  On  tlie  Geological  Relations  and  Internal  Structure  of  the 
Magnesian  Limestone,"  &c.,  published  in  the  '  Transactions  of  the  Geological 
Society  of  London,'  2nd  ser.  vol.  iii.  1826-1828.  They  have  also  been  described 
by  one  of  us  in  the  "  Introduction  "  to  the  '  Monograph  of  the  Permian  Fossils 
of  England,'  1850, 
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acting  transversely  to  the  planes  of  the  one  or  of  the  other,  thereby 
metamorphosing  the  rock  to  the  extent  of  thoroughly  crystallizing 
it,  and  even  in  many  cases  producing  a  lamination  often  honey- 

combed perpendicular  to  its  bedding. 
But  what  is  of  special  importance,  as  bearing  on  the  subject  of  the 

present  memoir,  is  the  complete  similarity  existing  between  many  of 
the  configurations,  and  the  granules  and  plates  of  serpentine,  in 
shape,  mutual  attachment,  and  arrangement. 

Building  Hill,  near  Sunderland,  aifords  (at  least  this  was  the  case 

some  years  ago,  before  it  was  converted  into  the  People's  Park)  in- 
numerable specimens  of  the  globular  and  botryoidal  kinds,  which, 

when  cleared  of  the  earthy  matrix,  are  perfect  imitations,  on  a 

gigantic  scale,  of  the  ̂ 'chamber- casts,"  in  their  form  and  ̂ 'acervuhne" 
arrangement*.  We  have  given  a  representation  in  fig.  18,  PI.  XY., 
of  a  specimen  freed  of  its  matrix,  collected  many  years  ago,  with- 

out, of  course,  any  reference  to  the  question  at  issue.  Its  general 
resemblance  to  decalcified  specimens  of  Ophite,  where  there  is  an 

association  of  "  acervuline  "  and  laminar  "  growths,"  cannot  but  be 
admitted  to  be  most  striking. 

But  not  only  do  the  configurations  simulate  the  forms  and  ar- 
rangement of  the  granules  and  plates  of  serpentine ;  they  equally 

simulate  and  illustrate  the  ''  definite  shapes."  Specimens  may  be 
procured  presenting  dendritic  ramifications,  or  a  sheaf -like  divergence, 
or  appearing  like  solid  bunches  of  rounded  forms,  composed  of  car- 

bonate of  lime,  and  imbedded  in  or  penetrating  the  calcareo-mag- 
nesian  matrix,  just  as  the  hydro-silicated  magnesian  "definite  shapes," 
and  imitations  of  a  '^  sailor's  swab,"  occur  in  the  calcareous  septa  of 
"  eozoonal "  rocks.  Reduced  to  microscopic  dimensions,  many  of 
them  w^ould  resemble  certain  of  the  structures  represented  by  Daw- 

son t,  Carpenter  J,  and  Jones  §. 

YIII.  "  Intermediate  Skeleton^' 

Already  sufficient  has  been  stated  to  show  that  this  part  is  com- 
pletely paralleled  by  the  matrix  of  certain  minerals.  The  saccha- 

roidal  calcareous  gangues  of  chondrodite  and  pargasite  closely  cor- 

respond to  the  "  skeleton,"  as  it  exists  in  "  eozoonal"  Ophite  from  the 
State  of  Delaware,  and  in  specimens  we  have  collected  at  Barna 
Oran  and  Lisoughter :  in  the  rocks  alluded  to  the  septa  exceed  in 
width  the  diameter  of  the  granules  !|.  The  matrix  of  bowenite  from 
Rhode  Island,  and  that  of  metaxite  from  Eeichenstein,  also  the  sac- 
charoidal  calcite  of  the  coccolite  marble  of  Tyree,  may  be  adduced 
as  other  instances  in  point. 

The  part  under  notice  passes  into  the  layers  and  beds  of  saccha- 

*  An  association  of  the  kind  is  shown  in  the  coloured  plate  accompanying 

Dr.  Carpenter's  paper  in  the  '  Intellectual  Observer.' 
f  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  pi.  vii.  fig.  3  (a,  a). 
X  Ibid.  vol.  xxi.  pi.  viii.  fig.  6  b,  and  pi.  ix.  figs.  5  a,  b,c,d;  also  '  Intellectual 

Observer,'  vol.  vii.  "  uncoloured  plate,"  fig.  3. 
§  Popular  Science  Review,  vol.  iv.  pi.  xv.  figs.  5,  6,  7,  and  8. 
II  Is  not  this  the  case  occasionally  in  Burgess  Ophite  ?  its  septa  being  "  in 

some  parts  more  than  30  millimetres  in  thickness  "  (Hunt,  Quart.  Journ.  Greol. 
Soc.  vol.  X  xi.  p.  69). 
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roidal  marble  associated  with  Ophite  in  Connemara.  In  our  days  of 
implicit  belief,  we  naturally  considered  that  these  masses  were  reefs 

of  "eozoon,"  its  "sarcode-chambers"  having  got  filled  with  calcare- 
ous instead  of  hydro -silicated  magnesian  infiltrations — or  that  they 

were  accumulations  of  its  disintegrated  "  skeleton."  But  our  sub- 
sequent decalcifications  and  microscopic  observations  completely 

failed  in  revealing  the  least  vestige  of  foraminiferal  structure.  We 
detected  imbedded  crystalline  tufts,  more  or  less  agreeing  with  those 

in  the  decalcified  passages  of  Ophite,  but  no  traces  of  '^  sarcode-cham- 

bers  "  or  their  "  proper  wall."  "We  felt  perplexed  at  this  unlooked- for  absence  of  confirmatory  evidence :  in  those  days,  however,  our 
scepticism  was  only  dawning. 

The  "  intermediate  skeleton "  of  both  Canadian  and  Connemara 
Ophite,  when  partially  dissolved  out,  besides  exhibiting  the  crystal- 

line aggregations,  shows  what  appears  under  a  low  power  to  be 
white  granular  matter  scattered  over  its  surfaces,  but  which,  under 
a  power  above  100  diameters,  is  resolved  into  minute,  short,  slender, 

bluntish,  filiform  crystals,  generally  simple,  rarelj'-  branching,  twist- 
ing, leaning,  erect,  or  crooked — in  the  latter  state  appearing  as  if  un- 
able to  hold  themselves  in  an  upright  position ;  they  stand  separated 

from  one  another,  or  are  packed  together,  forming  bundles  or  lumps 
— the  latter  semitransparent,  and  of  a  granular-crystalline  structure. 

The  lumps,  like  the  "  amorphous  masses,"  often  block  up  the  de- 
calcified passages ;  and  they  are  intersected  by  well-developed 

cleavage-partings,  which  appear  to  agree  with  those  of  diopside. 
We  have  observed  the  filiform  crystals  disposed  in  lines,  conforming 
to  the  cleavage-partings  of  their  imbedding  calcite ;  and  in  this  way 
they  form  plates,  which,  from  occasionally  connecting  opposite 

granules  of  serpentine,  we  have"  little  doubt  have  been  taken  for 
*^  casts  of  stolon-passages."  Alphonse  Gages  has  evidently  detected 
the  same  things  in  dolomite  from  Miask. 

The  filiform  crystals,  the  bundles  and  lumps,  and  also  the  "  amor- 
phous masses  "  supposed  to  represent  the  "  canal-system,"  as  well  as 

the  occasional  coassociation  of  crystals  of  pyrites  and  fragments  of 
what  appears  to  be  titaniferous  iron — the  occurrence  of  all  these 

bodies  in  the  "  skeleton "  shows  that  this  part  is  far  from  being 
"  uniform  and  homogeneous  "  as  conceived  by  Dr.  Dawson.  This 
point,  however,  we  do  not  regard  as  of  much  importance ;  it  is  merely 
introduced  to  show  that  if  the  organic  origin  of  the  calcareous  septa 
depended  on  the  absence  of  foreign  substances,  their  presence  in  these 
parts  must  be  accepted  as  supporting  the  opposite  view. 

IX.  Geological  Considerations  hearing  on  the  nature  of 
"  Eozoonal "  Oj)7iite. 

There  yet  remains  another  class  of  evidences  to  be  considered. 

Bocks  more  or  less  agreeing  with  "  eozoonal "  Ophite  occur,  not  only 
in  the  Laurentian  system,  but  in  others  representing  mdely  sepa- 

rated geological  periods.  The  "more  abundant"  masses  of  Ophite 
found  in  the  "  Quebec  series "  or  Upper  Cambrian  system  are  ap- 

parently "eozoonal,"  being  described  as  "granular"  and  "fine- 
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grained"*.  The  Delaware  Ophite  has  indisputably  the  essential 
characters  of  the  type  rock ;  and,  considering  that  its  locality  lies 
somewhat  in  the  direction  of  the  strike  of  the  "  Quebec  series  "  in 
eastern  Canada,  there  is  some  probability  of  this  variety  being 
systemally  contemporaneous  with  the  former. 

The  Connemara  Ophite  is  considered  to  be  Lower  Silurian  by  Sir 
Roderick  Murchison  and  Professor  Harkness ;  but  there  are  reasons 
which  weigh  with  us,  as  already  stated,  in  assigning  it  to  the  Lower 
Cambrian  period.  With  regard  to  the  varieties  from  India  and 
Bavaria,  we  are  unable  to  offer  any  opinion  as  to  their  geological 

age.  A  "  remarkable  "  Ophite,  occurring  in  the  Devonian  system 
at  Syracuse  in  the  State  of  New  York,  is  described  as  consisting  of 

an  "  aggregation  of  grains," — a  character  which  leads  us  to  infer 
that  it  is  "  eozoonaP't.  The  Isle-of-Skye  Ophite,  which  unmistake- 
ably  possesses  the  leading  features  of  the  Grenville  type,  brings  us  to  a 
much  more  recent  systemal  period,  it  being  no  other  than  Liassic ! 

The  fact  of  "  eozoonal  rock "  being  a  member  of  various  Lower 
Primary  systems  is  enough  to  throw  considerable  doubt  on  its  pre- 

sumed organic  origin.  The  Devonian  example  at  Syracuse,  if  it 
be  of  the  same  kind,  is  a  still  greater  stumbHngblockj:.  But  how 

are  we  to  explain  the  presence  of  '^  eozoonal "  Ophite  among  the 
Liassic  saccharoid  marbles  of  Strath,  in  the  Isle  of  Skye§  ?  The  bare 
fact  of  the  existence  of  such  a  rock,  separated  as  its  epoch  is  by 
several  vast  systemal  periods  from  that  occurring  at  Grenville,  must 
be  regarded  as  a  conclusive  argument  against  the  view  we  are  op- 

posing. But  when  it  is  considered  that  the  so  called  "  Eozoon  "  has 
never  yet  been  found  except  in  metamorphic  rocks — that  there  are 

*  See  '  Geology  of  Canada,'  1863,  pp.  248,  266, 611,  and  824.  The  Laurentian 
or  Grenville  Ophite  appears,  in  comparison  with  that  belonging  to  the  "  Quebec 
series,"  to  occur  on  a  much  less  extensive  scale,  forming  very  subordinate  portions 
in  masses  Of  pyroxene,  and  zones  of  limestone  (op.  cit.  p.  25 ;  Quart.  Journ. 
Geol.  Soc.  vol.  xxi.  p.  50,  &c.).  Even  the  Connemara  Ophite  seems  to  be  more 
abundantly  developed  and  less  fragmentary  than  the  latter. 

t  See  Vanuxem,  '  Geology  of  New  York,'  vol.  iii.  p.  109 ;  also  '  Geology  of 
Canada,'  1863,  p.  635. 

\  If  this  Ophite  is  an  "example  of  local  metamorphism,"  and  it  possesses 
"  eozoonal "  structure,  it  may  be  held  as  another  geological  evidence  totally  sub- 

versive of  the  organic  origin  of  the  Grenville  rock. 
§  It  is  only  fair  to  mention  that  Professor  Harkness,  to  whom  we  are  indebted 

for  a  specimen  of  the  Isle-of-Skye  Ophite,  first  brought  this  point  under  our 
notice,  when  he  was  with  us  in  Connemara.  But  at  that  time,  although  Dr. 

Maculloch,  as  far  back  as  1819,  had  expressed  himself  "  inclined  to  attribute 
the  whole  metamorphism  of  the  Liassic  beds  of  Strath  to  the  influence  of 

the  Syenite  "  with  which  they  are  in  contact  (see  '  Western  Isles  of  Scotland,' 
vol.  i.  p.  331),  we  entertained  considerable  doubts,  countenanced  by  Sterry  Hunt's 
opinion  that  the  hypersthenites  around  Lough  Coruisk  belong  to  the  Upper 
Laurentian  or  Labrador  system  (See  Silliman's  Journal,  2nd  ser.  vol.  xxxvi. 
p.  226),  of  the  metamorphosed  beds  above  noticed  being  Liassic.  Now,  what- 

ever may  be  the  age  of  the  neighbouring  hypersthenites,  all  our  doubts  have  been 
dispelled  regarding  the  chronology  of  the  saccharoid  marbles,  and  their  included 

layers  of  Ophite,  after  reading  Geikie's  paper  "  On  the  geology  of  Strath,  Skye," 
as  this  author,  with  Dr.  Wright's  palaeontologieal  assistance,  has  clearly  shown 
them  to  be  altered  limestones,  shales,  and  grits  of  the  Liassic  period  (See  Quart. 
Journ.  Geol.  Soc.  vol.  xiv.  pp.  1-36). 
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miles  in  thickness  of  primary  unaltered  calcareous  argillaceous  and 

mixed  deposits  in  which  no  vestige  of  this  *'  fossil "  has  been  found, 
and  in  which  its  occurrence  ought  to  he  certain,  had  it  been  a  fora- 
miniferal  organisim, — we  shall  be  much  surprised  if,  with  such  plain, 

simple,  and  elementary  facts  before  him,  this  "creature  of  the  dawn  " 
— the  "  oldest  type  of  organic  life  yet  known  " — does  not  soon  be- 

come to  the  geologist  a  memorable  nonentity. 

X.  Summary. 

Although  zealous  advocates  at  one  time  for  the  organic  origin  of 

"  eozoonal "  Ophite,  we  now,  after  a  prolonged  investigation,  and 
after,  as  we  believe,  leaving  no  point  unnoticed,  feel  ourselves  under 
the  necessity  of  totally  relinquishing  that  opinion. 

It  has  been  seen  (1)  that  the  "  chamber-casts  "  or  granules  of  ser- 
pentine are  more  or  less  simulated  by  chondrodite,  coccolite,  parga- 

site,  &c.,  also  by  the  botryoidal  configurations  common  in  Permian 

Magnesian  Limestone ;  (2)  that  the  "  intermediate  skeleton "  is 
closely  represented,  both  in  chemical  composition  and  other  condi- 

tions, by  the  matrix  of  the  above  and  other  minerals ;  (3)  that  the 

*'  proper  wall "  is  structurally  identical  with  the  asbestiform  layer 
which  frequently  invests  the  grains  of  chondrodite — that,  instead  of 
belonging  to  the  skeleton,  as  must  be  the  case  on  the  eozoonal  view, 
it  is  altogether  independent  of  that  part,  and  forms,  on  the  contrary, 

an  integral  portion  of  the  serpentine  constituting  the  "chamber- 
casts,"  under  the  allomorphic  form  of  chrysotile — and  that  perfectly 
genuine  specimens  of  it,  completely  simulating  casts  of  separated 
nummuline  tubules,  occur  in  true  fissures  of  the  serpentine-granules ; 

(4)  that  the  "  canal-system  "  is  analogous  to  the  imbedded  crystal- 
lizations of  native  silver  and  other  similarly  conditioned  minerals, 

also  to  the  coralloids  imbedded  in  Permian  Magnesian  Limestone — that 
its  typical  Grenville  form  occurs  as  metaxite,  a  chemically  identical 
mineral  imbedded  in  saccharoidal  calcite ;  (5)  that  the  type  examples 

of  "  casts  of  stolon-passages  "  are  isolated  crystals  apparently  of  py- 
rosclerite.  Furthermore,  considering  that  there  has  been  a  complete 
failure  to  explain  the  characters  of  the  so-called  internal  casts  of 

the  "  pseudopodial  tubules  "  and  other  "  passages  "  on  the  hypothesis 
of  ordinary  mechanical  or  chemical  infiltration,  also  bearing  in  mind 

the  significant  fact  that  the  "intermediate  skeleton,"  in  Irish  and 
other  varieties  of  "  eozoonal  rock,"  contains  modified  examples  of  the 
"  definite  shapes  "  more  or  less  resembling  the  crystalline  aggrega- 

tions and  prismatic  lumps  in  primary  saccharoidal  marbles — that 

"eozoonal"  structure  is  only  found  in  metamorphic  rocks  belonging  to 
widely  separated  geological  systems,  never  in  their  unaltered  sedi- 

mentary deposits, — taking  all  these  points  into  consideration,  also  the 
arguments  and  other  evidences  contained  in  the  present  memoir, 
we  feel  the  conclusion  to  be  fully  estabhshed,  that  every  one  of 

the  speciahties  which  have  been  diagnosed  for  "  Eozoon  Canadense  " 
is  solely  and  purely  of  crystalline  origin :  in  short,  we  hold,  without 
the  least  reservation,  that,  from  every  available  standing  point — 
foraminiferal,  mineralogical,  chemical,  and  geological — the  opposite 
view  has  been  shown  to  be  utterly  untenable. 
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XI.   Conclusion. 

Prom  what  has  been  stated  in  some  of  the  preceding  pages, 

respecting  the  varions  chemical  changes  which  "  eozoonal "  Ophite 
appears  to  have  undergone,  and  its  mineralogical  constituents,  we 
are  strongly  inclined  to  believe  that  it  is  a  pseudoraorphic  rock,  that 
it  existed  at  one  time  in  the  ordinary  metamorphic  state,  perhaps  as 
hornblendic  or  augitic  gneiss,  and  that  it  is  primarily  of  sedimentary 

origin*.  "Whether  the  same  may  be  concluded  of  all  ophitic  rocks  is 
a  question  on  which  we  cannot  offer  any  opinion — negative,  or  affir- 

mative. There  are  some  grounds  for  believing,  however,  that  certain 
dolerites,  generally  considered  to  be  of  eruptive  origin,  have  become 

changed  into  Ophite:  and  though  we  have  not  detected  any  "  eozoonal" 
structure  in  an  example  apparently  of  the  kind,  from  Monzoni  in  the 
Tyrol,  which  has  fallen  under  our  observation,  it  would  not  surprise 
us  if  this  structure  were  found  in  ophitic  rocks  supposed  to  belong 
to  the  eruptive  section,  considering  that  the  essential  mineral  (augite) 
of  dolerite  contains  a  large  percentage  of  silicate  of  limef . 

*  Dr.  Sterry  Hunt  states  that  "pseudomorphism,  which  is  the  change  of  one 
mineral  species  into  another  by  the  introduction  or  the  elimination  of  some  ele- 

ment or  elements,  presupposes  metamorphism,  since  only  definite  mineral  species 

can  be  subject  to  this  process  "  (see  Journal  of  the  Geological  Soc.  of  Dublin,  vol. 
X.  p.  88).  We  accept  this  view  of  pseudomorphism  ;  but  we  see  no  reason  why 

the  change  can  only  have  "  taken  place  in  some  mineral  species,  in  reins,  and 
near  the  surface" — why  it  cannot  have  operated  on  a  suificiently  extensive  scale 
to  generate  the  layers  and  beds  of  Ophite  interstratified  with  the  Laurentian 

limestones  and  gneiss  of  Canada.  It  may  be,  that  "  the  alteration  of  great  masses 
of  silicated  rocks  by  such  a  process  is  as  yet  an  improved  hypothesis :"  we 
cannot  but  think,  however,  that  Dr.  Hunt  has  insufficiently  estimated  the  evidence 
which  may  be  adduced  in  its  favour.  One  which  we  shall  now  cite  seems  to 

bear  us  out  in  this  idea:  alluding  to  Blum's  discovery  of  pseudomorphs  of  ser- 
pentine after  augite,  at  Monzoni,  Bischof  expressly  states,  "  it  is  not  merely  the 

fine  crystals,  which  occur  in  its  drusy  cavities  and  fissures,  that  are  changed,  but 

the  whole  mass  of  the  rock  is  converted  into  serpentine"  (See  Chem.  and  Phys. 
Geology,  vol.  ii.  p.  322). 

t  Sir  Charles  Lyell  has  stated  that  "  even  if  we  had  not  discovered  the  Eozoon, 
we  might  fairly  have  inferred"  that  the  "  calcareous  masses,  from  400  to  1000 
feet  and  more  in  thickness,"  associated  with  it  "were  originally  of  organic 
origin"  (Elements  of  Geology,  6th  edition,  p.  580).  Now,  whatever  the  "cal- 

careous masses  "  may  have  originated  from,  the  idea  of  their  being  "  eozoonal " 
must  be  abandoned.  We  do  not  dispute  the  above  inference,  which,  be  it  con- 

sidered, does  not  necessarily  involve  animal  agency  alone,  as  such  "  masses " 
may  be  the  debris  of  calciphytes,  like  the  calcareous  accumulations  still  abun- 

dant on  many  of  our  present  sea-bottoms  and  resulting  from  the  growth  and 
decay  of  various  kinds  of  nullipores.  But  it  may  turn  out  that  they  are  not  of 
organic  origin  at  all.  Doubtless  some,  calling  to  mind  the  beds  of  travertine  oc- 

curring at  Kome,  may  be  disposed  to  regard  them  as  of  chemical  origin.  Another 
idea,  however,  strikes  us  just  now.  Feeling  confident  in  the  view  herein  taken 
of  the  origin  of  "  eozoonal"  Ophite,  we  are  strongly  inclined  to  believe  that  its 
calcareous  portions  are  segregations  derived  partly,  or  wholly,  from  the  silicate 
of  lime  contained  in  hornblendic  or  augitic  rocks,  such  silicate  having  been  con- 

verted into  a  carbonate  by  the  introduction  of  water  containing  free  or  combined 
carbonic  acid.  (In  lime-magnesia  augite,  as  diopside,  these  bases,  important  in 
"  eozoonal"  Ophite,  amount  to  about  43  per  cent.)  There  are  some  grounds  for 
believing  that  the  lenticular  masses  of  saccharoidal  calcite,  or  "  primary  "  marble, 
often  imbedded  in  metamorphic  rocks,  have  originated  in  the  same  way.  But 
whether  the  vast  "  calcareous  masses,"  referred  to  by  Lyell,  are  of  pseudomorphic 
origin  is  a  question  on  which  it  behoves  iis  to  speak  with  less  confidence ;  at  any 
rate,  such  a  view,  as  will  now  be  seen,  ought  to  command  due  consideration. 
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EXPLANATIONS  OF  PLATES  XIY.  &  XV. 

Illustrative  of  the  view  of  the  inorganic  nature  of  Eozoon. 

Plate  XIV. 

Fig.  \.  Section,  viewed  as  an  opaque  object,  of  a  portion  of  a  granule  ("  chamber- 
cast")  of  serpentine,  having  one  edge,  facing  a  decalcified  passage, 
furnished  with  two  asbestiform  layers.  The  inner  layer  is  perfectly 
compact,  except  at  the  left  end ;  the  outer  one  has  the  fibres  in  the 
left  half  standing  apart,  but  in  the  right  half  they  are  in  close  contact. 
The  outer  layer  is  nearly  separated  from  the  inner  one.  The  granule 
is  green  and  translucent ;  the  layers  are  white  and  vitreous.  Mag- 

nified 210  diameters.     From  Grenville. 
2.  Section,  viewed  as  an  opaque  object,  embracing  a  lobulated  granule  of 

green  serpentine,  and  a  portion  of  its  matrix  (lower  part),  com- 
posed of  white  saccharoidal  calcite ;  the  specimen  is  not  decalcified. 

The  striated  portion  represents  the  asbestiform  layer  ("  pseudopodial" 
or  "  proper  wall"),  which  is  perfectly  compact,  except  at  the  places marked  a  and  h,  in  which  the  fibrous  structure  is  in  an  intermittent  or 
incipient  state  of  development.  The  peculiarities  of  its  structure  show 
that  the  layer  is  an  integral  portion  of  the  serpentine.  Magnified  210 
diameters.  The  specimen  has  been  examined  with  a  power  of  350, 
with  the  same  result.     From  Grenville. 

3.  Section,  viewed  as  a  transparent  object,  of  three  granules  of  serpentine 

("  chamber-casts"),  with  their  edges  notched  or  broken  up  into  sepa- 
rated bundles  of  asbestiform  fibre.  The  interspaces  between  the 

bundles,  as  well  as  those  between  the  granules,  are  filled  with  flocculent 
matter.  Our  view  of  the  specimen  is,  that  the  spaces  between  the 
bundles  of  asbestiform  fibre  originally  consisted  of  serpentine,  which  has 
been  converted  into  flocculite ;  also,  that  possibly  the  entire  mass  of  the 
latter  between  the  granules  was  once  serpentine.  Magnified  120  dia- 

meters. The  specimen  has  also  been  examined  as  an  opaque  object, 
under  a  power  of  350,  with  the  same  result.     From  Grenville. 

4.  Section,  viewed  as  an  opaque  object,  representing  a  small  portion  of  a 
long  fissure,  which  intersects  a  number  of  granvles  of  serpentine.  One 
of  the  walls  of  the  fissure  is  crowded  with  aciculi  {identical  with 

"casts  of  pseudopodial  tubuli"  of  ̂^ Eozoon  Canadense"),  separated, 
as  well  as  in  close  contact :  in  a  few  places  the  acicidi  form  bundles ; 
see  centre  of  the  lower  wall.  The  upper  wall  is  crowded  with  a  very 
thin  asbestiform  layer.     Magnified  1 10  diameters.     From  Lisoughter. 

5.  Section,  viewed  as  an  opaque  object,  of  a  portion  of  asbestiform  layer 

{identical  with  that  of  ̂ '■Eozoon  Canadense''),  lying  between,  and 
attached  to,  two  grains  of  yellowish-brown  chondrodite.  In  the  left 
half,  the  layer,  which  is  white,  translucent,  and  silky,  is  perfectly 
compact ;  but  in  the  other  half,  its  fibres  are  in  some  places  separated 
and  a  little  twisted.     Magnified  120  diameters.     From  New  Jersey. 

6.  Section,  viewed  as  an  opaque  object,  of  grains  of  chondrodite  separated 
by  an  asbestiform  layer,  the  fibres  of  which  are  here  and  there  apart, 
and  in  some  places  not  strictly  parallel.  Magnified  60  diameters. 
From  New  Jersey. 

7.  A  grain  of  chondrodite,  viewed  as  an  opaque  object.     It  is  furnished  at 
one  end  with  the  remains  of  an  asbestiform  layer,  the  fibres  of  which 
form  slender  aciculi ;  or,  in  other  words,  the  aciculi  are  composed  of 
asbestiform  fibre.  The  vacant  spaces  appear  to  have  been  occupied  by 
fibres  or  aciculi,  which,  through  some  cause  have  disappeared.  Mag- 

nified 120  diameters.     From  New  Jersey. 

8.  Section,  viewed  as  an  opaque  object,  of  a  granule  ("chamber-cast")  of 
serpentine,  showing  a  fringe  of  asbestiform  layer  ("tubulated  proper 
wall"),  which  generally  consists  oi  parallel  fibres;  but  in  some  places 
the  fibres  are  divergent.  In  one  place  the  layer  is  replaced  by  a  coat 
oi  flocculite.  It  is  our  opinion  that  the  latter  has  resulted  from  a 
change  either  of  the  asbestiform  layer  or  of  the  serpentine.  Magnified 
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210  diameters.  From  Lisoughter.  (The  figure  is  represented  more 
compressed  than  it  really  is,  so  as  to  occupy  as  little  space  as  possible.) 

Fig.  9.  This  figure  represents,  by  reflected  light,  a  mass  of  floccuhte  lying  be- 
tween, or  adjacejit  to,  two  granules  of  serpentine.  One  of  the  granules 

is  fringed  with  aciculi.  The  flocculite  shows  here  and  there  a  rude 
divisional  or  prismatic  structure,  which  becomes  acicular ;  in  two  places 
well-developed  aciculi  rise  out  of  the  mass.  Magnified  210  diameters. 
From  Lisoughter. 

10.  Two  granules  ("chamber-casts"),  viewed  by  reflected  light,  of  serpentine 
connected  by  a  crystal  of  pyrosclerite  ?  (answering  to  a  "  cast  of  a 
stolon-passage"),  lying  across  a  decalcified  passage.  The  crystal  has 
a  thin  layer  of  white  granular  matter  adhering  to  each  of  its  sides ; 
and  the  granules  are  furnished  with  a  portion  of  asbestiform  layer. 
Magnified  105  diameters.     From  Grenville. 

11.  Crystal  of  pyrosclerite  (?),  answering  to  a  "cast  of  a  stolon-passage," 
lying  across  a  decalcified  passage ;  it  is  not  long  enough  to  connect 
two  opposite  granules  of  serpentine,  but  the  connexion  is  completed 

by  the  interposition  of  a  "  white  amorphous  mass,"  b,  rudely  lami- 
nated. The  other  connecting  body,  wluch  may  also  be  taken  for  a 

"  cast  of  a  stolon-passage,"  consists  entirely  of  a  rudely  laminated 
"  white  amorphous  mass."   Magnified  105  diameters.    From  Grenville. 

Plate  XV. 

12.  This  figure  represents  a  dendritic  specimen  of  metaxite  {identical  with  re- 
presentatives of  the  "  canal-system  "  of  "  Eozoon  Canadense  "),  as  it  ap- 

pears under  an  object-glass  magnifying  1 10  diameters.  Obtained  by  de- 
calcifying its  matrix — saccharoidal  calcite.   From  Reichenstein,  Silesia. 

13.  A  small  portion  of  Ophite,  decalcified,  from  Lisoughter.     The  spheroidal 

bodies  are  granules  ("  chamber-casts  "  of  "  Eozoon  ")  of  translucent  ser- 
pentine, imbedded  in  saccharoidal  calcite  ("  skeleton") — the  dark  por- 

tions. Tufts  of  crystals  ("metamorphosed"  examples  of  the  "canal- 
system")  are  variously  attached  to  the  granules,  while  other  tufts  are 
fixed  in  the  calcite.  Two  granules  in  the  middle  of  the  lower  portion 
of  the  figure  are  connected  by  three  white,  slightly  granular,  'parallel 
plates,  representing  "stolon-passages;"  other  granules  are  connected 
by  tufts  of  crystals.     Magnified  25  diameters. 

14.  Granule  of  serpentine  ("chamber-cast"),  from  a  decalcified  specimen  of 
Lisoughter  Ophite,  to  which  are  attached  scopiform  bundles  of  crystals, 

representing  "metamorphosed"  examples  of  the  "canal-system."  The 
crystals  are  divergent,  also  subparallel.     Magnified  210  diameters. 

15.  Represents  the  two   granules  of  serpentine  noticed  under  figure  13. 
Magnified  120  diameters. 

16.  Representations  of  a  branching  vermicular  body,  a,  lying  lengthways, 
and  of  a  transverse  section  of  another,  b,  both  showing  aciculi 
shooting  off  from  their  surfaces.  The  vermicules  and  aciculi,  of  a 
yellowish-brown  colour,  are  imbedded  in  transparent  chalcedony. 
Magnified  210  diameters.  From  a  "  Moss-agate  "  presented  by  Pro- fessor Tennant. 

17.  An  "amorphous  mass,"  representing  the  "canal-system,"  of  a  prismatic 
structure,  lying  in  a  decalcified  passage,  c,  between  four  irregular- 
shaped  granules  of  serpentine,  a.  The  "  mass,"  b,  at  its  sides,  is  sepa- 

rated into  prisms,  wliidi  curve  oiF,  and  in  a  few  places  become 
branched ;  it  is,  for  the  most  part,  however,  compactly  prismatic,  and 
has  an  incipient  lustre.     Magnified  60  diameters.     From  Grenville. 

18.  Representation,  natural  size,  of  a  botryoidal  specimen  of  Permian  lime- 
stone, from  Building  Hill  (People's  Park),  near  Sunderland.  The 

rounded  and  irregular-shaped  bodies,  formed  of  brown  subcrystalline 
carbonate  of  lime,  simulate  the  '■^chamber-casts"  of  ̂^ Eozoon  Cana- 

dense:" the  vacant  spaces,  once  filled  with  earthy  carbonate  of  lime 
and  magnesia  (which  has  been  weathered  out),  correspond  to  the 

-  decalcified -passages  or  the  so-called  "calcareous  skeleton." 
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2.  Supplemental  Notes  on  the  Strtjcttjee  and  Affinities  of  Eozoon 
Canadense.     By  William  B.  Caepenteb,  M.D.,  F.E.S.,  F.G.S. 

Since  the  date  of  my  communication  to  the  Geological  Society  made 
through  Sir  William  Logan,  upon  the  remarkable  fossil  discovered 
by  him  in  the  Laurentian  rocks  of  Canada,  I  have  given  a  consider- 

able amount  of  time  and  attention  to  the  further  investigation  of  ita 

characters ;  and  I  am  desirous  of  recording  certain  additional  fea- 
tures in  its  structure,  which  seem  to  me  to  strengthen  the  view  ori- 

ginally put  forward  by  Dr.  Dawson,  and  confirmed  by  my  own  in- 
quiries, of  its  Poraminiferal  affinities. 

It  will  be  remembered  that  this  view  was  originally  propounded 

by  Dr.  Dawson  as  the  result  of  his  investigations  (1)  into  the  re- 
lations of  the  calcareous  and  siliceous  layers,  which  appeared  to  him 

to  indicate  that  a  chambered  calcareous  skeleton  had  been  in- 

filtrated by  silicates  in  solution,  so  as  to  leave  a  siliceous  *  deposit 
in  the  spaces  previously  occupied  by  the  animal  body ;  and  (2)  into 

the  distribution  of  an  arborescent  "  canal-system  "  which  he  de- 
tected in  the  calcareous  skeleton,  bearing  a  most  remarkable  re- 

semblance to  the  canal- system  described  by  myself  in  Calcarinaf. 
My  own  observations  upon  the  specimens  placed  in  my  hands  by 

Sir  W.  Logan  supplied  an  important  confirmation  to  this  view,  for 
these  disclosed  the  fact  that  the  proper  luall  of  the  chambers,  when 
well  preserved,  exhibits  the  finely  tubular  structure  of  the  Num- 
muHne  Foraminifera ;  which  is  demonstrable  as  well  in  thin 
transparent  sections  J,  as  in  decalcified  specimens,  which  show  the 
siliceous  casts  of  the  interior  of  the  chambers  to  be  covered  with  a 

thin  "  asbestiform  layer  "  composed  of  acicular  fibres  standing  upon 
end,  usually  parallel  to  each  other §.  These  fibres  I  regard  as  the. 
internal  casts  of  the  tuhuU  of  the  shelly  layer,  which  were  originally 
occupied  by  minute  filaments  (pseudopodia)  proceeding  from  the 
sarcodic  body  of  the  animal.  And  I  feel  justified  in  doing  so  by  the 
fact  that  a  recent  siliceous  cast  of  an  Anvphistegina  from  which  the 
shell  has  been  removed  by  decalcification,  kindly  presented  to  me  by 

my  friend  Mr.  "W.  K.  Parker,  affords  a  perfect  representation  of  this 
"  asbestiform  layer  " — the  only  difference  being  that  the  fibres  are 
larger  and  more  separate,  in  accordance  with  the  characteristic 
tubulation  of  the  shell  in  this  genus.  This  cast  gives  a  perfect 
model  in  a  green  silicate  (glauconite?)  of  the  lobes  of  the  body,  of  the 
canal- system,  and  of  the  tubuli  of  the  shell- wall ;  and  as  the  shell 
within  which  it  was  formed  was  brought  up  with  many  similar  ones 
by  Mr.  Jukes  in  his  dredgings  on  the  Australian  coast,  it  is  obvious 
that  the  complete  replacement  of  the  segments  of  the  animal  body 

^  I  use  the  term  siliceous,  here  and  elsewhere,  to  mean  compounds  of  which 
silicic  acid  is  the  characteristic  ingredient. 

t  Compare  Dr.  Dawson's  delineations  of  the  canal-system  of  Eozoon  Cana* 
dense,  in  Quart.  Journ.  Gaol.  Soc.  vol.  xxi.  Plate  vii.  figs.  3  (a  a)  and  6,  with 
the  representations  of  the  canal-system  of  Calcarina  in  my  *  Introduction  to 
the  study  of  the  Foraminifera,'  Plate,  xiv.  figs.  4,  8,  9. 

:j:  Quart.  Journ.  Greol.  Soc.  vol.  xxi.  Plate  viii.  figs.  4  «,  4  J. 
§  Op.  cit.  Plate  ix.  fig.  4. 
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and  of  their  minute  filamentous  prolongations,  by  a  siliceous  deposit 
in  the  cavities  and  tubes  which  they  occupied,  was  effected  by  some 

process  at  present  in  operation  upon  the  sea-bottom.  And  whatever 
view  we  may  take  of  the  nature  of  this  process, — whether  we  suppose 
these  chambers  and  tubes  to  have  filled  when  empty  by  infiltration, 
or  regard  the  animal  matter  which  originally  occupied  them  to  have 

given  place  to  the  siliceous  deposit  by  a  process  of  chemical  suh- 
stitutio7i*, — the  fact  remains,  that  an  undoubted  internal  cast  of  a 
recent  Poraminifer  presents  the  exact  parallel  to  the  model  of  the 
animal  body  of  Eozoon  obtained  by  the  removal  of  its  calcareous 
skeleton.  Indeed  it  was  in  consequence  of  the  suggestion  afforded 
by  this  specimen  of  Ampliistegina,  that  I  was  led  to  look  for  the 
corresponding  structure  in  the  decalcified  Eozoon ;  the  discovery  of 
which  affords  no  slight  confirmation  of  the  view  previously  arrived 
at  by  the  examination  of  thin  transparent  sections. 

My  observations  upon  the  Nummuline  structure  of  the  proper  walls 
of  the  chambers  have  been  fully  confirmed  by  Dr.  Dawson,  who 
thus  speaks  in  an  Appendix  to  the  Canadian  reprint  of  his  paper  on 

Eozoon,  "  Since  the  above  was  published,  I  have  had  opportunities 
of  examining  sKces  and  decalcified  specimens  of  Eozoon  from  Petite 
Nation,  the  locality  which  afforded  the  specimens  referred  to  by 
Dr.  Carpenter ;  and  I  have  much  pleasure  in  adding  my  testimony 
to  his  observation  of  the  distinctness  of  the  proper  wall  of  the 
chambers  from  the  supplemental  or  intermediate  skeleton,  as  ex- 

hibited in  these  specimens." 

This  iN'ummuhne  tubulated  stracture  comes  to  be  of  special  im- 
portance, now  that  the  organic  nature  of  the  Eozoic  serpentine- 

limestone  has  been  formally  called  in  question.  For  even  if  it  be 
admitted  that  the  peculiar  arrangement  of  the  calcareous  and  siliceous 
components  of  the  Eozoic  limestone,  and  the  remarkable  dendritic 
passages  hollowed  out  in  the  calcareous  layers,  are  capable  of  being 

*  Notwithstanding  that  this  idea  has  been  designated  by  Profs.  King  and 
Eowney  as  so  completely  destitute  of  the  characters  of  a  scientific  hypothesis  as 
to  be  wholly  unworthy  of  consideration,  I  believe  it  to  be  the  one  commonly 
entertained  by  those  who  have  given  most  thought  to  the  mode  in  which  the  si- 
licification  of  Woods  and  of  the  soft  tissues  of  Sponges  and  other  organisms  has 
been  effected,  so  as  to  preserve  the  minutest  features  of  their  structures.  And 
those  eminent  geologists  who  were  present  with  me  at  the  discussion  which  took 
place  in  Paris  upon  the  subject  of  the  Abbeville  Jaw,  will  recollect  that  no  less 
an  authority  than  Prof.  Milne-Edwards  stated  that  he  believed  that  infiltration 
of  bones  and  teeth  was  more  likely  to  take  place  when  their  cavities  were  occu- 

pied by  animal  matter  at  the  time  they  were  imbedded,  than  when  those  cavities 
had  been  emptied  by  its  decay ;  the  minute  tubuli  being,  in  his  view,  more  readily 
and  completely  filled  by  the  process  of  substitution,  during  the  decomposition  of 
their  animal  contents,  than  they  could  be  by  mere  percolation.  This  suggestion 
was  thrown  out  to  account  for  the  fact  mentioned  by  M.  Ijartet,  that  completely 
infiltrated  and  non-infiltrated  bones  are  often  found  in  the  same  stalagmitic 
deposit.  My  own  early  investigations  into  the  structure  of  Nummulites  had  long 
before  led  me  to  the  conclusion  that  among  those  fovmd  imbedded  in  the  clay 
of  Bracklesham  Bay,  the  specimens  most  completely  infiltrated  with  carbonate 
of  Hme  had  their  chambers  occupied  with  animal  matter  at  the  time  when  this 
fossilizing  process  commenced  (see  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  23, 
Plate  iii.  fig.  2) ;  traces  of  it  being  distinguishable  even  to  the  very  centre  of 
the  spire. 
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accounted  for  by  inorganic  agencies,  there  remains  the  T^nmmuline 
structure  of  the  chamber-walls,  to  which — I  venture  confidently  to 

assert — no  parallel  can  be  shown  in  any  undoubted  mineral  product*. 
The  "  asbestiform  layer "  obtained  by  the  decalcification  of  the 

Nummuline  shell-wall,  which  sets  free  the  siliceous  internal  casts 
of  its  tubuli,  presents  a  series  of  remarkable  variations,  which  can 
be  closely  paralleled  by  the  variations  existing  in  the  course  of  the 
tubuli  in  the  shells  of  living  Nummuline  Foraminifera.  What  we 
may  consider  the  normal  arrangement  is  the  passage  of  the  tubuli 
in  a  straight  and  parallel  course  from  the  internal  to  the  external 
surface  of  the  shell-wall ;  and  this  is  represented  in  Eozoon  by  a 
regular  disposition  of  the  acicular  fibres,  which  stand  side  by  side, 
like  the  filaments  that  form  the  pile  of  velvet,  their  lower  ends  resting 
on  the  subjacent  segment,  whilst  their  upper  form  a  uniform  surface 
so  close  in  texture  as  to  be  scarcely  resolvable  into  the  points  of  its 
constituent  aciculif.  But,  as  is  often  the  case  in  OperculinaX,  the 
tubuli  may  depart  from  their  normal  parallelism,  separating  from  each 
other  in  some  parts,  and  becoming  more  closely  crowded  in  others ; 

*  It  may  be  thought  a  matter  for  regret  that,  before  putting  themselves  in  a 
position  of  antagonism  to  those  who  have  made  a  special  study  of  the  minute 
structure  of  Foraminifera,  Profs.  King  and  Eowney  should  not  have  availed 
themselves  of  the  opportunity  pubhcly  offered  them  some  months  since  (see  the 

'  Keader '  for  July  8th,  1865)  of  inspecting  my  preparations  of  Eozoon.  I  have 
recently  learned  from  personal  communication  with  Prof.  Eowney,  not  only 
that  he  had  no  practical  knowledge  of  the  structure  of  Nnmmuline  shells,  but 
that  he  had  not,  until  I  myself  showed  them  to  him,  ever  seen  any  transparent 
sections  of  Eozoon  thin  enough  to  give  a  good  view  of  its  tubuliferous  layer, — 
his  observations  having  been  almost  exclusively  made  upon  decalcified  specimens. 
And  it  is  obviously  from  this  limitation  to  one  method  of  inquiry,  that  Profs. 
King  and  Eowney  have  fallen  into  what  I  feel  able  to  demonstrate  to  be  the 
fundamental  error  of  their  whole  treatment  of  this  part  of  the  subject, — the 
assumption  that  the  "  asbestiform  layer  "  is,  in  its  original  state,  before  having 
been  acted  on  by  acid,  a  mere  bundle  of  siliceous  fibres,  instead  of  being  (as  I 
maintain)  a  continuous  layer  of  calcareous  shell,  the  vertical  tubuli  of  which 
have  been  filled  up  by  the  substitution  of  siliceous  deposit  for  the  threads  of 
animal  matter  which  originally  occupied  them.  If  they  had  made  the  experi- 

ment, which  I  have  over  and  over  again  repeated,  of  subjecting  a  very  thin 
transparent  section  of  Eozoon,  cemented  on  glass  by  Canada  balsam,  to  the 
action  of  dilute  acid,  they  would  have  been  at  once  convinced  by  the  complete 
alteration  in  the  appearance  of  this  layer,  that  a  transparent  substance  inter- 

vening between  the  asbestiform  fibres  and  cementing  them  together,  has  been  dis- 
solved out.  This  becomes  still  more  obvious  where  the  fibres  diverge  from  one 

another  in  some  parts  and  converge  in  others,  as  will  be  described  in  the  next 
paragraph. 

t  It  is  apparently  from  this  continuity  of  the  external  surface  of  the  asbesti- 
form layer,  that  Profs.  King  and  Eowney  have  been  led  to  the  inference  that  its 

fibres  are  so  closely  compacted  together  that  there  is  no  room  for  any  intervening 
calcareous  cement.  But  if  they  had  been  familiar  with  the  study  of  living 
Foraminifera,  they  would  have  been  aware  that  the  pseudopodia  which  have 
passed  through  the  pores  of  the  shell,  coalesce  on  its  external  surface  into  a  con- 

tinuous layer  of  sarcode  ;  so  that  the  continuity  of  the  external  surface  of  the 
asbestiform  layer  is  precisely  what  we  should  expect,  if  this  layer  represents  the 
filamentous  extensions  of  the  original  sarcode-body  of  the  animal.  A  still  more 
remarkable  representation  of  this  sarcodic  layer  in  the  siliceous  model  of  the 
animal  of  Eozoon  will  be  presently  described. 

I  See  Memoir  on  Operculina  in  the  Phil.  Trans,  for  1859,  p.  54,  and  Plate  iv. 
figs.  2,  4,  11. 
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SO  that  instead  of  the  uniform  punctation  which  the  internal  surface 
of  the  chamber-wall  exhibits,  we  may  find  great  diversities  in  the 
disposition  of  their  eocternal  orifices,  these  being  often  congregated  in 
bands  and  clusters,  with  intervals  of  non-tubular  shell-substance 
between  them.  The  same  is  the  case  in  the  recent  Amphistegina ; 
and  the  internal  cast,  or  model  of  its  animal,  already  referred  to  pre- 

sents the  same  hind  of  variations  in  the  course  of  the  siliceous  threads 

which  represent  the  pseudopodia,  as  those  which  are  exhibited  in  a 

higher  degree  by  the  "  asbestiform  layer  "  of  Eozoon.  For  decalcified 
specimens  of  this  often  show  us  fissures  in  the  asbestiform  layer,  re- 

sembling those  left  in  the  surface  of  a  piece  of  velvet-pile  by  doubling 
it  back ;  these  fissures  represent  the  non-tubular  spaces  of  the  shell- 
wall,  which  are  left  by  the  convergence  of  the  tubuli  in  other  parts 
into  bands  and  tufts.  A  more  marked  degree  of  the  same  conver- 

gence, bringing  a  large  number  of  the  pseudopodia  that  proceed  from 
each  segment  into  one  bundle,  is  frequently  to  be  seen  in  parts  in 
which  there  is  an  unusual  development  of  the  intermediate  skeleton 
and  canal-system.  And  here  an  additional  peculiarity  often  pre- 

sents itself,  which  is  in  such  remarkable  accordance  with  what  I  had 
previously  observed  and  recorded  in  the  recent  Poraminifera  to  which 
Eozoon  seems  most  nearly  allied,  that  it  is  difficult  to  conceive  that 
accordance  to  be  without  a  meaning.  In  my  description  of  the  canal- 
system  of  Cdlcarina  I  had  expressed  my  belief  that  the  usual  origin 
of  the  canals  of  the  intermediate  skeleton  is  not  from  the  cavities  of 

the  chambers,  but  from  lacunar  spaces  intervening  between  the  out- 
side of  the  proper  walls  of  the  chambers  and  the  intermediate  skeleton 

by  which  they  come  to  be  overgrown ;  and  in  my  previous  commu- 
nication upon  Eozoon  (p.  63)  I  expressed  the  opinion  that  the  same 

was  probably  the  case  in  that  organism.  These  lacunar  spaces,  in 
the  living  animal,  would  be  occupied  by  films  of  sarcode  formed  by 
the  coalescence  of  the  pseudopodia  on  the  external  surface  of  the 
proper  wall  of  the  chambers ;  and  from  these  films  would  pass  off 
the  sarcodic  extensions  which  occupy  the  canal-sytem.  Now  in 
those  varieties  of  the  asbestiform  layer  which  exhibit  a  foliated  or 
penicillate  arrangement  of  the  silicified  threads,  the  bands  or  tufts 
which  the  surface  of  the  asbestiform  layer  then  presents  are  often 
connected  by  plates  of  the  same  siliceous  material,  in  which  the  stems 
of  the  dendritic  models  of  the  canal-system  are  frequently  implanted. 
And  these  plates  can  in  many  instances  be  plainly  seen  to  be  formed 
by  the  spreading-out  of  the  material  which  formed  the  coalesced 
bands  and  tufts ;  just  as  the  sarcodic  layer  on  the  surface  of  the 
living  shell  is  formed  by  the  spreading-out  of  coalesced  bundles  of 
the  pseudopodia  that  have  emerged  from  the  chamber-wall*. 

I  have  thought  it  desirable  to  dwell  thus  fully  upon  the  structure 
of  the  Nummuline  chamber-wall,  and  the  parallel  between  the  variety 
of  appearances  which  it  presents  in  Eozoon  and  those  exhibited  by 

*  This  structure  may  be  what  has  been  described  by  Profs.  King  and  Eowney 
as  "  a  double  asbestiform  layer."  If  so,  its  presence,  instead  of  affording  an  ar- 

gument against  the  Foraminiferal  nature  of  Eozoon,  supplies  an  unexpected 
confirmation  of  that  doctrine. 
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recent  Foraminifera*,  because  it  is  by  this  feature  that  the  organic 
origin  of  Eozoon  is  capable  of  being  most  unmistakeably  recognized. 
If  my  account  of  it  is  correct,  no  more  doubt  can  be  reasonably  en- 

tertained of  the  animal  nature  of  Eozoon  than  of  the  animal  nature 
of  any  extinct  type  of  Nummuline  Poraminifera ;  and  all  the  other 
curious  features  of  its  structure,  including  the  singular  varieties  in 

the  distribution  of  its  canal-system,  may  be  accepted  without 
hesitation. 

But  even  if  some  undoubtedly  mineral  product  could  be  shown 
to  present  the  characteristic  peculiarities  of  the  Nummuline  shell- 
wall,  I  should  be  still  prepared  to  maintain  the  organic  origin  of 
Eozoon  on  the  broad  basis  of  cumulative  evidence  aiforded  by  the 
combination,  in  every  single  mass,  of  an  assemblage  of  features  which 
can  be  only  separately  paralleled  elsewhere ;  and  in  the  repetition  of 
this  combination  with  the  most  wonderful  exactness,  over  areas  of 
immense  extent.  This  evidence,  indeed,  is  very  much  of  the  same 
nature  as  that  on  which  the  doctrine  of  the  Human  fabrication  of  the 

"  flint  implements  "  is  now  universally  accepted.  No  one,  on -looking 
at  such  an  implement,  would  be  justified  in  saying  of  any  single 
fracture  presented  by  its  surface,  that  it  might  not  have  been  acci- 

dental ;  yet  that  man  must  have  a  strong  faith,  who  could  honestly 
inaintain  that  any  succession  of  accidental  fractures  would  have  been 
likely  to  shape  out  even  a  single  specimen.  But  admitting  such  a 
possibility  in  regard  to  one,  it  is  narrowed  down  by  every  repetition 
of  the  same  or  of  a  similar  form,  to  a  vanishing  point  wMch  the 
intellect  refuses  to  apprehend. 

Although  not  perhaps  entitled  to  any  great  weight,  yet  the  an- 
tecedent probabilities  of  the  case  are  not  to  be  disregarded.  Geolo- 

gists are  now,  I  believe,  very  generally  agreed  in  the  opinion  that 
all  the  great  beds  of  limestone  in  the  formations  known  to  be 
fossiliferous  are  the  products  of  animal  agency,  which  separated 
carbonate  of  lime  from  its  solution  in  the  waters  of  the  ocean  in  the 

form  of  Corals,  Shells,  Encrinite-skeletons,  &c.  And  it  is  also  fully 
admitted  that  the  crystalline  condition  of  a  limestone  affords  no  ar- 

gument against  this  view;  many  comparatively  modern  rocks,  of 
whose  organic  origin  there  can  be  no  reasonable  doubt,  having  been 
brought  to  this  condition  by  subsequent  metamorphism.  The, 
occurrence  of  limestone  beds  in  the  Laurentian  rocks,  therefore, 
affords  a  presumption  in  favour  of  the  existence  of  marine  animal 
life  at  that  epoch ;  in  the  same  manner  as  the  occurrence  of  beds  of 
graphite  may  be  fairly  regarded  as  indicative  of  the  antecedent 
existence  of  vegetation.  And  while  this  presumption  is  in  no  degree 
invalidated  by  the  crystalline  condition  which  usually  prevails  in 
these  rocks,  it  derives  additional  weight  from  the  fact  noticed  by  Sir 

*  It  may  serve  to  show  the  necessity  of  practical  familiarity  with  the  micro- 
scopic appearances  in  question,  if  I  mention  the  fact,  that  an  eminent  Palaeon- 

tologist who  had  previously  committed  himself  to  the  opinion  that  the  Num- 
muline  layer  of  Eozoon  is  simply  "  an  agatized  mineral,"  gave  precisely  the  same 
verdict  upon  a  section  of  a  recent  Nummuline  shell, — thus  unintentionally 
bearing  the  strongest  testimony  to  the  identity  of  the  two  structures,  and  con- 

sequently to  the  organic  nature  of  the  former. 
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W.  Logan,  that  some  of  the  Laurentian  marbles  when  struck  give 
forth  the  same  overpowering  smell  of  carburetted  hydrogen,  as  is  well 
known  to  be  given  off  from  many  beds  of  Carboniferous  Limestone 
whose  organic  origin  is  most  distinct. 

Another  probability  is  afforded  by  the  striking  resemblance  ob- 
served by  Sir  W.  Logan  in  the  general  arrangement  of  the  masses 

of  Eozoon  in  Foraminiferal  reefs,  to  the  reefs  formed  by  the  stony. 
Corals ;  and  the  evidence  of  successional  building-up  of  these,  as 
shown  by  the  disintegration  of  some  parts  of  what  would  have  been 
once  the  living  surface  by  currents  and  eddies,  which  have  left  cavities 
and  recesses  that  were  subsequently  filled  by  a  new  overgrowth. 

The  alternating  succession  of  calcareous  and  siliceous  lamellae,  of 
which  as  many  as  fifty  may  be  counted  in  a  single  mass  of  Eozoon, 
is  a  feature  which  if  not  absolutely  without  parallel  in  the  inorganic 
world,  is  a  very  singular  one  ;  and  the  difficulty  of  accounting  for  it 
is  greatly  increased  when  we  look  upon  the  vast  multitude  and  the 
singular  uniformity  of  its  repetitions  in  the  separate  masses  of  Eozoon. 
The  difficulty  is  yet  further  augmented  when  it  is  taken  into  account 
that  the  alternating  minerals,  though  invariably  calcareous  and  sili- 

ceous, are  not  constantly  the  same ;  the  serpentine  being  often  re- 
placed either  by  pyroxene  or  by  loganite,  and  the  carbonate  of  lime 

by  dolomite.  Now  on  the  hypothesis  of  organic  origin,  nothing  is 
easier  than  to  account  for  the  regular  alternation  of  calcareous  and 

siliceous  layers, — the  former  representing  the  original  skeleton  formed 
by  successional  growth ;  and  the  latter  representing  its  chambers, 
originally  filled  with  a  living  sarcode-body,  which  was  subsequently 
replaced  by  siliceous  minerals  by  a  process  which  (whatever  its 
nature)  has  been  repeated  upon  the  bodies  of  Foraminifera  in  every 
great  geological  epoch  from  the  Silurian  to  the  present.  And  it  was 
the  coexistence  of  this  uniformity  in  structural  arrangement  with 
diversity  in  the  component  minerals,  which  first  impressed  upon  the 

mind  of  Sir  "W.  Logan,  the  idea  of  the  organic  nature  of  these  masses. 
The  greater  variability  in  the  thickness  of  the  calcareous  lamellae 

than  in  that  of  the  siliceous,  is  a  point  of  minor  importance,  but  not 
without  its  relevancy;  for  it  is  exactly  paralleled  among  recent 
Foraminifera.  As  Unios  and  other  freshwater  mollusks  will  form 
thick  or  thin  shells  according  to  the  abundance  of  Carbonate  of  Lime 
in  the  water  they  inhabit,  so  do  we  find  among  the  Nummulites  of 
different  localities  extraordinary  diversities  of  form  produced  by 
variations  in  the  thickness  of  their  shelly  layers ;  the  same  species 
having  sometimes  a  thickness  equal  to  only  one  third  of  its  diameter, 
whilst  in  other  specimens  the  thickness  equals  three-fourths  of  the 
diameter, — the  dimensions  of  the  chambers  being  nearly  the  same 
in  both  cases.  The  difference  in  the  thickness  of  the  calcareous 

layers  of  Eozoon,  on  the  hypothesis  of  its  organic  origin,  depends 

upon  the  amount  of  superficial  addition  made  in  the  form  of  ̂'  sup- 
plemental "or  "intermediate  skeleton "  to  the  proper  walls  of  the 

chambers,  the  cavities  of  which  are  represented  by  the  siliceous 
layers  ;  and  wherever  the  interval  between  two  siliceous  layers  is 
unnsually  wide,  an  unusual  manifestation  of  the  canal-system  is 
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almost  sure  to  present  itself.  This  constant  relation  between  the 

development  of  the  "  intermediate  skeleton"  and  that  of  the  "  canal- 
system  "  is  in  snch  precise  accordance  with  what  I  have  uniformly 
found  to  exist  in  Poraminifera*,  as  to  add  another  fact  of  no  mean 
significance  to  our  growing  accumulation  of  evidence. 
Having  dwelt  sufficiently  in  my  former  note  on  the  characters  which 

I  regard  as  essentially  Foraminiferal,  I  need  not  here  do  more  than 

recapitulate  them  as  follows  : — 1.  The  constant  segmental  division 
of  the  siliceous  layers,  indicating  a  series  of  chambers  only  partially 
divided  from  each  other,  as  in  Carpenteria,  but  occasionally  sepa- 

rated completely  by  interposed  calcareous  septa.  2.  The  perforation 
of  these  septa  by  several  passages  of  communication  between  the 
chambers,  as  in  Cijclodiipeusf.  3.  The  substitution  of  the  acervuline 
piling-together  of  the  chambers,  in  the  latter  stages,  for  the  regularly 
storied  arrangement  of  the  earlier ;  a  change  very  common  among 
Foraminifera.  It  is  further  not  a  little  significant  that  the  siliceous 
segments  in  this  acervuline  portion  have  the  same  average  dimensions 
as  those  of  which  the  subjacent  laminse  are  composed.  The  uni- 

formity with  which  the  acervuline  mode  of  aggregation  succeeds  the 
lamellar  could  scarcely  be  expected  if  these  masses  were  of  purely 
mineral  origin.  4.  The  distinctness  of  the  proper  wall  of  the  cham- 

bers from  the  intermediate  skeleton ;  a  feature  especially  charac- 
teristic of  the  higher  Poraminifera.  5.  The  precise  conformity  in 

the  structure  of  the  former  to  that  of  the  Nummuline  Poramini- 
feraj.  6.  The  constant  proportion  between  the  development  of  the 
latter  and  that  of  the  canal-system.  7.  The  correspondence  in  size 
between  the  elementary  parts  of  Eozoon  and  those  of  the  Porami- 
nifera  to  which  it  is  most  nearly  related.  This  is  a  feature  of  no  little 
importance,  when  we  take  into  account  the  extreme  variability  in  the 
size  of  the  elementary  parts  of  Mineral  aggregations  §.     It  is  almost 

*  Introduction  to  the  study  of  the  Foraminifera,  p.  63. 
t  The  explanation  of  these  passages  offered  by  Messrs.  King  and  Rowney,  is 

based  on  the  representation  of  them  given  in  the  somewhat  diagrammatic  figure 
illustrating  my  former  note  (Plate  VIII.  fig.  2).  That  it  is  totally  inapplicable 
to  the  case,  becomes  at  once  apparent  on  miscroscopic  examination  of  the  large 
number  of  examples  I  now  possess  of  this  very  characteristic  feature. 

\  It  is  urged  by  Profs.  King  and  Rowney  as  an  objection  to  the  Foraminiferal 
doctrine,  that  this  supposed  tubular  wall  is  found  on  the  under  or  attached  side 
of  each  lamella,  as  well  as  on  the  upper  or  free  surface,  and  that  it  is  incon- 

ceivable that  a  layer  thvis  perforated  for  the  passage  of  pseudopodia  should  be 
formed  where  there  is  no  exit  for  them.  The  objection  only  shows  their  want 
of  acquaintance  with  the  fact  that  many  Foraminifera  (both  recent  and  fossil), 
having  perforated  shells,  habitually  grow  affixed  to  seaweeds,  corals,  shells,  &c. ; 
and  that  the  attached  side  possesses  the  characteristic  tubular  structure  no  less 
than  the  free.  I  beheve  that  in  all  these  cases  there  intervenes  in  the  living 
state  a  thin  layer  of  sarcode  between  the  shell  and  the  subjacent  surface,  the 
evidence  of  whose  presence -in  Eozoon  is  afforded  by  the  continuous  siliceous 
lamellae  already  referred  to  as  often  connecting  the  outer  ends  of  the  aciculi  of 
the  asbestiform  layer. 

§  The  only  other  objection  of  any  weight  advanced  by  Messrs.  King  and 
Rowney,  is  the  fact  that  a  chambered  structure  and  asbestiform  layers  are  some- 

times met  with  in  the  midst  of  the  thick  purely  serpentinous  layer  which  usually 
underlies  the  masses  of  Eozoon.  Now  if  such  be  really  the  fact,  it  would  only 
prove  the  persistence  of  bands  of  the  original  structure  in  parts  which  had  been 
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inconceivable  that  throughout  the  enormous  masses  of  Eozoic  serpen- 
tine, the  siliceous  segments,  if  merely  concretionary,  should  never  ex- 
ceed a  minuteness  that  is  rarely  encountered  among  ordinary  minerals. 

Every  one  who  has  been  accustomed  to  attend  to  the  subject  of 
evidence  is  well  aware  that  the  concurrence  of  a  number  of  separate 
and  independent  facts,  not  one  of  them  possessing  much  probative 
value  in  itself,  may  lead  to  a  moral  certainty  scarcely  inferior  to 
that  obtained  from  demonstration.  This  is  the  case  when  the  ag- 

gregate of  these  facts  is  capable  of  being  reconciled  with  a  single 
hypothesis,  and  with  that  one  only,  and  when  the  facts  can  only  be 
otherwise  accounted  for  by  a  number  of  separate  hypotheses  having 
no  mutual  connexion. — The  consistency  of  all  the  characters  I  have 
enumerated  with  the  theory  of  the  organic  origin  of  the  Eozoic 
limestone  is  no  less  remarkable  than  the  difficulty  of  accounting  for 
their  concurrence  by  any  hypothetical  combination  of  chemical  and 
physical  agencies.  It  will  be  sufficient  here  to  advert  to  a  few 
points  of  the  case  under  this  double  aspect.  If  the  relation  of  the 
calcareous  and  siliceous  components  be  such  as  is  here  maintained — 
the  siliceous  residue  left  by  decalcification  being  the  internal  cast  of 
the  cavities,  canals,  and  tubuli  of  the  calcareous  skeleton,  and  there- 

fore being  the  model  of  the  original  body  of  the  animal — every  fea- 
ture which  it  presents  is  found  to  be  closely  paralleled  by  the  inter- 
nal cast  of  a  recent  Nummuline  shell.  But  if  the  collocation  of 

these  two  minerals  has  been  the  result  of  inorganic  agencies,  the 
following  points  have  to  be  separately  accounted  for: — 1.  The 
succession  of  regularly  alternating  lamellae;  2.  the  segmental  ag- 

gregation uniformly  presented  by  the  siliceous  lamellae ;  3.  the 
occasional  separation  of  the  segments  by  calcareous  septa;  4.  the 
structural  union  of  both  minerals  in  the  proper  wall  of  the  chambers; 
5.  the  peculiar  dendritic  formations  carrying  the  siliceous  component 

into  the  very  midst  of  the  calcareous.  Was  the  calcai'eous  portion 
first  formed  and  the  siliceous  afterwards  deposited  by  infiltration,  or 
was  the  siliceous  portion  first  formed  and  subsequently  penetrated 

by  calcareous  deposit  ?  if  so,  by  what  conceivable  process  of  Assur- 
ing could  a  system  of  cavities  of  such  regularity  and  constancy  of 

arrangement  have  been  produced?  or  if  it  be  supposed  that  the 
laminae  were  successively  superposed,  what  agency  can  be  imagined 
to  have  brought  about  the  regular  alternation  of  the  materials  ?  and 
how  can  the  segmental  arrangement  of  hoth  sides  of  the  siliceous 
laminae  be  accounted  for  ?  If  each  siliceous  lamina  were  deposited 
upon  a  preexisting  calcareous  lamina,  its  under  side  would  take  the 
form  of  the  subjacent  surface :   and  how  can  the  calcareous  surface 

altered  by  subsequent  metamorphism, — a  circumstance  frequently  met  with  in 
rocks  of  undoubtedly  organic  origin.  But  in  the  numerous  examples  I  have  met 
with  of  the  arrangement  referred  to  by  Messrs.  King  and  Eowney,  it  is  so  des- 

titute of  the  characters  of  the  true  chambered  structure  and  asbestiform  layer, 
that  I  should  have  no  hesitation  in  regarding  it  as  either  originally  a  product 
of  inorganic  agencies,  or  as  the  result  of  metamorphic  changes  in  a  structure 
originally  organic,  which  have  caused  the  formation  of  the  thick  serpentinous- 
layers  in  which  these  appearances  present  themselves. 
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be  supposed  to  have  been  hollowed  out,  so  as  to  give  to  the  siliceous 
lamina  exactly  the  same  kind  of  tuberculation  on  its  under  surface, 

as  it  is  supposed  on  the  mineral  hypothesis  to  acquire  on  its  up'per 
by  agencies  inherent  in  itself?  or  if  it  be  supposed  that  the  calcare- 

ous and  siliceous  salts  were  in  solution  in  the  same  liquid,  and  that 
the  peculiar  arrangement  in  question  was  due  to  their  separation  in 
the  act  of  solidification,  the  siliceous  taking  on  the  form  of  botryoidal 
concretions,  and  the  calcareous  filling  up  the  spaces  between  these, 
the  objectors  may  be  challenged  to  bring  forward  any  example  of 
an  undoubted  mineral  produced  by  inorganic  agencies  which  shows 
anything  like  the  structural  regularity  in  the  size  and  disposition  of 
its  component  parts  that  is  presented  by  characteristic  specimens  of 
the  Canadian  Eozoon^. 

In  addition  to  the  localities  in  which  it  has  been  already  announced 
that  the  Eozoic  characters  have  been  detected  in  Serpentine  Lime- 

stone, I  may  record  three  as  of  special  interest  as  indicating  the 
prevalence  of  the  same  features  in  that  fundamental  Gneissic  for- 

mation of  Central  Europe,  which  the  labours  of  Sir  Roderick  Mur- 
chison  have  shown  to  be  the  equivalent  of  the  Canadian  Laurentians. 
Three  months  ago  I  received  from  Dr.  Eritsch,  of  Prague,  through 
Mr.  H.  B.  Brady,  of  Newcastle,  a  specimen  of  Ophicalcite  from 
Cesha  Lipa  in  Bohemia,  which  gave  on  decalcification  a  form  of 

Eozoon  closely  resembling  that  exhibited  by  the  "Irish  Green."  Not 
long  afterwards  I  received  from  Dr.  Hochstetter  a  specimen  from  the 
fundamental  gneissic  rocks  of  the  neighbourhood  of  Moldau,  which 
exhibited  the  same  characters.  And  Sir  Charles  Lyell  has  recently 
placed  in  my  hands  a  specimen  of  Serpentinous  Limestone  sent  him 
by  Dr.  Giimbel,  the  Director  of  the  Government  Survey  of  Bavaria, 
in  which  I  have  found  what  appears  to  me  distinct  evidence  of  Eozoic 
structure,  although  it  has  been  greatly  altered  by  subsequent  meta- 
morphism. 

*  This  difficulty  has  not  been  met,  so  far  as  I  can  understand,  by  any  of  the 
cases  adduced  as  parallel  by  Messrs.  King  and  Rowney.  And  it  is  further  to 
be  observed,  with  regard  to  many  of  their  arguments,  that  they  are  based  rather 
upon  the  appearances  presented  by  the  Serpentine  Marbles  of  Connemara  and 
other  localities  which  present  the  Eozoic  structure  in  its  least  characteristic  de- 

velopment, than  upon  that  of  the  Canadian  specimens,  which  present  it  in  its 
least  metamorphic  condition.  Every  paleeontologist  who  is  acquainted  with  the 
fact  that  even  a  recent  Coral  may  be  changed  by  atmospheric  agencies  into. 

a  crystalline  limestone  (see  Sir  C.  Lyell's  '  Principles  of  Geology,'  9th  edit., 
p.  794),  would  feel  the  absurdity  of  maintaining  that  because  the  great  mass  of 
the  Carboniferous  Limestone  has  now  a  crystalline  or  subcrystalline  aggregation, 
it  cannot  have  been  originally  deposited  as  Coral  in  the  manner  indicated  by  the 
structure  of  the  parts  in  which  the  original  characters  of  these  ancient  reefs  are 
best  preserved.  Yet  this  is  precisely  the  line  of  argument  taken  by  Profs.  King 
and  Rowney  in  regard  to  the  Eozoic  limestones.  It  is  the  striking  contrast  be- 

tween the  features  of  the  comparatively  unchanged  Eozoon  of  Petite  Nation,  in 
Canada,  and  those  of  the  obviously  metamorphosed  and  perhaps  disintegrated 
Eozoon  of  Connemara,  which  most  satisfactorily  indicates  the  organic  structure 
of  the  former,  by  showing  what  mineralization  has  done,  and  therefore  can  do,  in 
the  latter ;  all  this  being  in  the  contrary  direction  (if  I  may  so  express  myself)  to 
the  constructive  action  sq  gbvious  in  the  regular  disposition  of  the  component 
parts  of  the  former. 
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[Note,  June  29,  1866. — To  the  foregoing  I  may  now  add,  that 
having  subsequently  examined  an  extensive  series  of  specimens  of 

Serpentinous  Limestones  from  the . "  ̂ Fundamental  Gneiss,"  sent  to 
me  by  Dr.  Giimbel,  I  find  in  some  of  them  the  precise  parallel  as  to 
Microscopic  appearances  with  the  most  characteristic  forms  of  the 
Connemara  Eozoon ;  whilst  from  these  I  can  trace  a  continuous  gra- 

dation, through  a  series  of  phases  which  appear  due  to  subsequent 
metamorphism,  to  specimens  whose  characters  seem  purely  mineral. 
Appearances  of  precisely  the  same  character  are  presented  by  a  series 

of  specimens  of  the  Serpentinous  Limestones  from  the  "  Primitive 
Gneiss  "  of  Scandinavia,  kindly  transmitted  to  me  by  Prof.  Loven. — 
In  a  communication  I  have  received  from  Dr.  Dawson,  dated  March 

28th,  he  says : — "  I  have  lately  had  my  attention  directed  to  a  point 
of  importance  noticed  in  my  paper  on  Eozoon,  but  since  somewhat 
overlooked,  tlie  occurrence  of  Eozoon  preserved  simply  in  Garhonate  of 
Lime,  without  any  Serpentine  or  other  foreign  mineral,  and  showing 
the  structure  (that  is  of  the  canal-system,  for  I  have  not  yet  seen 
the  fine  tubulation)  as  perfectly,  though  not  so  prettily  in  the  matter 
of  colour,  as  the  Serpentinous  specimens.  This  fact  alone,  which 
was  noticed  in  my  original  Paper,  and  which  I  have  now  verified,  is 

of  itself  a  conclusive  answer  to  Professors  King  and  Eowney's  objec- 
tions." *'  I  may  also  say  that  a  careful  reexamination  of  the  Chry- 

sotile  or  fibrous  Serpentine,  with  additional  specimens,  enables  me 
to  reafiirm,  if  possible  with  still  greater  confidence,  its  entire  distinct- 

ness from  any  of  the  structures  of  the  Canadian  Eozoon."] 

January  24,  1866. 

James  Mason,  Esq.,  E.C.S.,  Brighton;  "William  Nevill,  Esq.,  of Langham  Cottage,  Godalming ;  and  Henry  T.  L.  von  Uster,  Esq., 
3  Duke  Street,  Portland  Place,  W.,  were  elected  Eellows. 

The  following  communication  was  read : — 

On  the  Kainozoic  Eormations  of  Belgitjm.    By  R.  A.  C.  Godwin- 
Atjsten,  Esq.,  F.R.S.,  Eor.  Sec.  G.S. 

Contents. 

I.  Introduction. 

II.  Older  Kainozoic  or  Crag  Beds  of 
Antwerp, 

1.  General  Remarks. 

2.  Systeme  Scaldesien. 
3.  Systeme  Diestien. 
4.  Schelle. 
5.  Louvain. 
6.  Eerg. 

7.  Bolderberg. 
8.  G-eneral  Results. 

III.  Conditions  of  the  Crag-sea  area. 
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I.  Inteoduction. 

The  following  notes  relating  to  the  Kainozoic  or  Tertiary*  formations 
of  Belgium  were  put  together  in  the  course  of  an  interesting  excursion 
through  that  country  in  the  spring  of  1865,  in  company  with  Mr. 
Hamilton,  Mr.  Prestwich,  Captain  D.  Galton,  Mr.  W.  W.  Smyth, 
Mr.  Busk,  and  Mr.  Gwyn  Jeffreys.  Our  route  was  from  Harwich  to 
Antwerp,  Louvain,  Hasselt,  Maestricht,  Liege  (whence  to  Engis  and 
Engihoul) ,  Namur.  Some  of  the  party  went  into  Brussels  to  see  the 
collection  in  the  Museum  there ;  some  to  the  Grotte  de  Han ;  in 
company  with  M.  van  Beneden  I  had  the  advantage  of  seeing, 
under  the  guidance  of  M.  Malaise,  the  lower  Palaeozoic  and  fossi- 
liferous  rocks  of  Gembloux,  which  he  considers  to  be  of  the  age  of 
the  Lower  Silurian  series  of  Sir.  E.  Murchison. 

Prom  Dinant,  where  we  were  joined  by  the  late  Mr.  H.  Christy, 
we  all  visited,  under  the  escort  of  MM.  van  Beneden^  Dupont,  and 
other  Belgian  geologists  and  antiquaries,  the  caves  of  Purfooz  on  the 
Lesse.  An  excursion  in  the  neighbourhood  of  Mons,  and  a  visit  to 
the  coast  at  Sangatte,  near  Calais,  completed  the  trip. 

Some  of  our  party  had  been  in  Belgium  before,  even  repeatedly. 
The  points  in  its  geology  which  on  this  occasion  chiefly  interested 
us  were  the  Crag-formation  of  Antwerp  and  elsewhere,  the  Bolderien 
beds  of  M.  Dumont,  and  the  caves  and  recent  researches  at  Purfooz. 

To  what  extent  the  several  members  of  our  party  may  concur  in 
the  views  here  recorded  is  a  point  on  which  I  will  not  venture  to 
speculate ;  they  are  offered  as  my  own  exclusively ;  but  I  feel 
bound  to  acknowledge  the  great  advantage  I  derived  from  visiting 
the  district  in  company  with  so  many  experienced  observers  as 
naturalists  and  geologists  ;  and  we  can  aU  testify  to  the  kind  inte- 

rest and  assistance  of  the  Belgian  geologists,  as  also  to  that  of  the 
military  authorities  at  Antwerp,  for  which  last  we  were  indebted  to 
the  exertions  of  Mr.  J.  Jones. 

The  cave-researches  of  Purfooz  are  under  the  superintendence  of 
MM.  van  Beneden  and  Dupont ;  for  this  reason  it  would  not  be 
fitting  that  any  comments  should  be  made  with  respect  to  the  views 
which  were  freely  communicated  to  us,  until  such  time  as  the  final 
official  report  shall  have  been  published.  The  question  relating  to 
some  portion  of  the  in-filling  is  so  closely  connected  with  that  very 
complicated  period  to  which  the  Loss,  the  Sables  de  Campine,  and  the 
Cailloux  Ardennais  belong,  that  a  few  short  references  are  necessary. 

II.  Older  Kainozoic  or  Crag  Beds  oe  Antwerp. 

1.  General  MemarJcs. — By  permission  of  the  Belgian  war  depart- 
ment, we  were  enabled  to  examine  at  leisure  the  deep  sections 

connected  with  the  extensive  military  works  in  course  of  execution 
around  Antwerp ;  in  addition  we  received  the  cordial  assistance  of 
Captain  Cocheteux  and  other  Engineer  officers. 

The  monograph  of  Mr.  Searles  Wood  f  had  long  since  informed 

*  In  this  paper  the  author  restricts  the  application  of  the  terms  Kainozoic  and 
Tertiary  to  deposits  of  the  age  of  the  Faluns  and  of  more  recent  date. — Edit. 

t  Palseontographical  Soc.  1848-1850. 
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geologists  how  close  an  agreement  existed  between  the  marine  fauna 
of  the  Suffolk  Crag  and  that  of  Antwerp.  At  the  same  time  it  was 

evident  from  the  work  of  M.  Nyst  *  that  there  were  many  forms 
met  with  in  one  area  which  were  apparently  wanting  in  the  other, 
and  rendering  it  a  matter  of  some  interest  in  comparative  geology 
that  such  a  difference  within  such  narrow  limits  should  be  accounted 

for  ;  this  difficulty  has  long  been  a  point  of  special  interest  in  Ter- 
tiary geology.  The  solution  has  been  heretofore  attempted  by 

various  applications  of  the  percentage  test,  as  by  the  proportion  of 
recent  forms  to  such  as  are  unknown  as  living,  or  again  by  the  pro- 

portion which  a  given  parcel  of  shells  might  contain,  either  of  Arctic 
or  of  more  Southern  forms.  There  has  been  so  little  agreement  in 
the  results  thus  arrived  at  that  some  fresh  solution  should  be 

attempted.  Percentage  results,  from  their  very  nature,  must  ever 
be  fluctuating ;  the  process  when  first  proposed  seemed  specious,  in- 

asmuch as  it  had  the  appearance  of  possessing  arithmetical  accuracy, 
but  in  reality  it  is  the  very  reverse  of  this,  in  consequence  of  the 
uncertainty  of  all  the  elements  of  the  calculation  and  of  their  nega- 

tive character. 

M.  Dumont  proposed  a  twofold  division  for  the  Tertiary  or  Kaino- 
zoic  series  of  Antwerp,  an  upper  or  Scaldesien,  a  lower  or  Diestien. 

Sir  Charles  Ly ell's  account  of  the  Antwerp  Crag  was  prepared  under 
disadvantageous  circumstances.  At  that  time  a  few  detached  exca- 

vations afforded  the  only  attainable  stratigraphical  information,  and 
hence  it  became  necessary  to  give  the  fossils  collected  at  each  loca- 

lity in  separate  lists,  thus  producing  the  impression  that  the  Crag- 
formation  there  was  both  complicated  and  of  considerable  vertical 
thickness,  but  such  is  not  the  case. 

At  the  time  of  our  visit  an  examination  of  the  Antwerp  beds  was 
extremely  easy  by  means  of  two  long  artificial  sections,  one  passing 

along  the  main  ditch  of  the  new  "  enceinte,"  14,000  metres  in 
length,  the  other  along  the  ditch  of  the  detached  Forts,  with  a 
length  of  17,000  metres;  thus  giving  31,000  metres  of  continuous 
section.  These  sections  formed  the  subject  of  a  short  but  very 
useful  memoir  by  M.  Dejardin,  Capt.  de  Genie,  one  of  the  officers 
engaged  on  the  workf. 

In  the  excellent  Memoir  by  Sir  Charles  LyeU  J,  which  has  done  so 
much  to  make  English  geologists  acquainted  with  the  relations  of 
the  various  subdivisions  of  the  Nummulitic  and  Tertiary  formations 
of  Belgium  to  those  of  this  country,  the  Tertiary  series  is  arranged 
as  follows : — 

§  3.  Antwerp  Crag. 

1.  Yellow  Crag-UpP-Crag  {s°S£g%  ni.l  ̂ ,,^^^  ̂ ^. 2.  Crag  gris — Middle  Crag —  tab.  iv.  j    -^  ' 
3.  Crag  noir — Lower  Crag —  tab.  v.  J 

§  4.  Sands  and  Iron  Sandstone  of  Diest — "  Systeme  Diestien  "  of  Dumont. 
§  5.  Bolderberg  Sands —  "  Systeme  Bolderien." 

*  Coquilles  Tertiaires  de  la  Belgique. 
t  Bull,  de  I'Aoad.  E.  des  Sc.  de  Belgique,  t.  xiii.  p.  470. 
X  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  277,  1852. 
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Of  this  arrangement  it  may  be  remarked  that  the  "  Crag  noir  "  of 
the  local  Antwerp  geologists  is  distinguished  from  and  made  superior 
to  the  Systeme  Biestien  of  Dumont,  whose  8.  Diestien  at  that  place 

(see  Map,  small  edition)  is  described  as  consisting  of  "  sable  glau- 
conifere  coquillier"*. 

M.  Nyst's  latest  subdivision  of  the  Belgian  Kainozoic  series  is  as 
follows : — 

1.  Yellow  Sands,  Steuvenberg,  Calloo.     Cyprina,  Isocardia,  Astarte. 
2.  Argillaceous  Sands,  Deurne.  Cetacean  bones,  Pecten,  Cyprina,  As- tarte, 

3.  Grey  Sands.  Pecten  Gerardii,  broken  shells  abun- dant. 

4.  Grey  running  Sand,  Bryozoa,  shells  scarce,  same  as  3. 
5.  Black  Sands,  Edeghem,   Berchem,    Includes  Pectunculus-hsind. 

F'.  Herenthals. 

In  1861 M.  Nyst  published  a  very  interesting  paper  f,  to  which  is 
appended  a  list  of  146  species  of  fossil  shells  and  four  Zoophytes  ;  of 
these,  58  had  not  been  previously  noticed  as  occurring  in  the  Kaino- 

zoic beds  of  Belgium. 
The  object  of  this  paper  is  to  state  the  result  of  that  particular 

enquiry  which  was  of  chief  interest  in  connexion  with  the  Antwerp 
sections,  namely  the  Zoological  value  of  the  subdivisions  of  the  crag 
beds  there,  and  whether  the  proposed  vertical  order  of  arrangement 
was  correct  in  fact.  Mr.  Lankester  visited  Antwerp  in  1864,  and  a 
memoir  communicated  to  this  Society  J  served  to  revive  the  interest 
of  these  questions. 

2.  Systeme  ScalcUsien. — In  order  that  the  position  of  the  Kaino- 
zoic series  about  Antwerp  may  be  understood,  it  must  be  borne  in 

mind  that  from  the  North  Citadel  on  the  Scheldt,  as  far  as  Deurne 

(about  half  the  extent  of  the  ̂ '  enceinte  "),  the  level  of  the  country  is 
below  that  of  the  river  at  high-water,  which  now  rises  4*50  metres ; 
low- water  being  0*15  metre  above  that  at  Ostend.  At  this,  the 
north  end  of  the  section,  where  the  Crag  beds  have  been  laid  bare 
beneath  polder  mud,  its  upper  surface  is  at  about  low- water  level, 
and  at  nearly  the  same  level  are  the  beds  so  rich  in  shells,  out  of 
which  the  Docks  have  been  excavated,  from  beneath  peaty  beds  and 

polder  mud.  "We  collected  largely  from  these  shell-beds,  or  rather 
from  the  spoil-banks.  The  assemblage  is  that  given  by  Sir  Charles 
Lyell,  tab.  ii.  and  iii.,  and  by  M.  Kyst,  list  34,  p.  601§. 

North  of  Deurne  the  glacis  has  been  formed  out  of  the  spoil  from 
the  main  ditch,  and  shows  that  it  has  been  excavated  out  of  an  ex- 

tension of  the  same  mass  of  sands,  gravel,  and  broken  shells,  as 
above.  South  of  Deurne  the  ground  rises  somewhat,  and  as  the 
works  were  then  in  progress,  good  sections  were  to  be  seen  from  4 

*  Tabl,  des  Terr.  &c.  de  la  Belgique. 
t  Notice  sur  un  nouveau  gite  de  fossiles,  se  rapportant  aux  especes  faluniennes 

du  Midi  de  I'Europe,  decouvert  a  Edeghem  pres  d Anders.  Bull  de  lAcad.  E. 
des  Sc.  de  Belg.  t,  xiii,  p.  29.     See  also  Lyell's  '  Elements,'  6th  edit,  p.  232. 

X  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  p.  221,  1865. 
§  Omalius,  Abrege  de  Geologic,  7«  edit.  1862. 
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to  6  metres  deep.      The  blocks  left  for  measuring  the  work  done 
show  such  sections  as  the  following  : — 

{Yellow  sands,  gravel  and  broken  shells. Grey  sands,  numerous  broken  shells. 
Brown  sands. 

(Pale-green  sands,  shells  few,  not  much  broken. 
Dark-green  sands,  Pectunculus-h&nd. 
Very  dark  compact  beds. 

The  relative  thicknesses  vary  much  from  place  to  place;  the  whole 
not  being  more  than  12  feet  thick,  of  which  the  upper  brown  and 
yellow  sands  form  about  6  feet.  In  the  Dock-sections  these  upper 
beds  may  have  been  somewhat  thicker,  but  at  no  place  do  they  pro- 

bably exceed  8  feet. 

The  upper  series  (a)  constituting  the  " JSysteme  ScalcUsien"  of 
M.  Dumont,  viewed  as  a  marine  accumulation,  presents  a  very  com- 

mon condition  of  sea-bed,  consisting  of  dead-shell  gravel,  mostly 
forming  banks,  and  heaped  up  under  inconsiderable  depths  of  water. 
This  is  a  good  division  of  the  series,  inasmuch  as  it  marks  a  change 
in  the  depth  and  moving  power  of  the  water  at  this  particular  spot, 
the  result,  doubtless,  of  a  physical  change  of  wider  extent;  the 
effect  of  which  was  the  disturbance  of  previously  formed  sea-beds 
and  their  rearrangement.  At  the  same  time  there  was  an  outward 
distribution  of  the  materials  of  a  higher  or  sublittoral  zone,  as  seen 
in  the  gravel. 

The  "  Systeme  Scaldesien,"  as  exhibited  at  Antwerp  in  the  form 
of  "  couches  remanies,"  very  closely  resembles  both  in  the  condition 
of  its  materials  and  fossils,  the  Red  Crag  beds  of  Suffolk ;  nor  is 
there  any  reason  why  the  physical  change  which  caused  the 
Eed  Crag  to  succeed  the  Bryozoan  should  not  be  referred  to  the 
same  geological  change  which  made  the  Scaldesien  follow  on  the 
Diestien. 

3.  Systeme  Diestien. — In  the  section  given  above,  which  is  just 
such  as  is  to  be  seen  everywhere  from  the  Porte  de  Tournhout  to 
that  of  Malines,  the  Scaldesien  beds,  or  yellow  and  grey  coarse  series, 
contain  either  fine  pale-green,  somewhat  loose  sands,  or  else  dark- 
green,  almost  black,  and  compact  sands ;  these  are  the  Diestien  beds 
of  Dumont.  With  reference  to  condition  of  sea-bed,  it  is  that  form 

well  known  as  deep-water  sandy  and  muddy  ooze,  and  was  the  de- 
posit of  tranquil  depths. 

Although  the  whole  thickness  of  this  lower  series  has  not  been 
cut  through  within  the  area  of  the  fortifications,  even  in  the  section 
above  referred  to,  which  presents  the  deepest  cuttings,  yet  it  has 
been  proved,  as  we  were  informed  by  the  Engineer  ofiicers  on  the 
spot,  that  the  Diestien  beds  extended  only  a  few  feet  below  the 
excavations  for  the  main  ditch,  and  that  within  the  area  as  well  as 
without,  the  dark-green  Diestien  beds  overlie  compact  Eupellien 
clay. 

A  maximum  thickness  of  about  4  metres  may  be  assigned  to  the 
Diestien  beds ;  generally  they  are  less,  and  small  as  are  the  vertical 
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dimensions  of  the  whole  of  the  Crag  series  at  Antwerp  ;  there  is  no 
other  place  in  Belgium  where  they  are  so  thick — indeed,  beds  of  the 
true  Scaldesien,  Crag-like  type,  occur  only  at  that  place  :  it  is  also 
the  only  spot  where  fossiliferous  Diestien  beds  have  been  observed. 

The  Diestien  beds  of  Antwerp  represent  a  condition  of  sea -bed 
over  which  submarine  Hfe  is  abundantly  developed,  and  that  with  a 
distinctive  facies.  Viewed  in  this  way  the  sections  from  the  Porte 
de  Tournhout  are  exceedingly  interesting,  presenting  a  rich  and 
varied  fauna,  of  which  a  full  enumeration  has  recently  been  given 

by  M.  Nyst  (Bull,  de  I'Acad.  Roy.  des  Sciences  de  Belg.  1861,  ser.  2. 
t.  xii.  p.  20).  One  particular  form,  the  Pectunculus  glycimeris, 
numerically  exceeds  aU  others  by  1000  to  1 ;  it  colonized  this  area 
of  the  Crag  sea,  attaining  a  large  size,  and  forming  banks  which  in 
places  are  not  less  than  2|  feet  in  thickness.  The  Diestien  was  a 
true  life-zone,  and  exceedingly  prolific,  and  as  such  it  is  in  striking 
contrast  to  the  Scaldesien  division,  of  which  the  whole  of  the  as- 

signed fauna  is  from  dead  and  drifted  shells:  it  may  safely  be 
asserted  that  of  the  shells  met  with  in  the  Scaldesien  beds  not  one 

lived  where  it  is  now  found ;  this,  from  a  natural-history  point  of 
view,  is  the  real  difference  between  the  upper  and  lower  Crag  of 
Antwerp. 

The  area  over  which  the  Scaldesien  shell-gravel  and  the  fossili- 
ferous Diestien  ooze  are  to  be  seen  together  is  even  now  so  limited 

that  much  generalization  would  be  hazardous.  Traced  from  below 
upwards,  the  Antwerp  sections  show  a  gradual  passage  from  very 
fine  and  dark  muddy  ooze  into  sandy  ooze,  and  finally  into  fine  pale- 
green  clean  sand ;  in  this  there  is  a  clear  indication  of  a  slight  in- 

crease in  the  moving  powder  of  the  water :  a  slightly  diminishing 
depth  might  cause  such  a  change.  The  more  sandy  beds,  where 
they  remain,  form  the  uppermost  portion  of  the  Diestien  division, 
and  contain  but  few  shells. 

The  Scaldesien  division  overlies  an  eroded  surface  of  the  Diestien, 
and  is  found  on  every  component  portion  of  the  series  down  to  the 
lowest  and  most  compact  beds.  The  line  of  separation  is  always  to 
be  traced,  and  is  mostly  very  distinct — it  marks  a  sudden  change  of 
condition ; — but  as  in  the  Diestien  so  in  the  Scaldesien  series,  the  re- 

arranged pale-green  sands,  brown  sands  with  shells  whole  or  broken, 
the  dead-shell  banks,  and  uppermost  the  thickest  layer  of  gravel  with 
pounded  shells,  indicate  a  progressive  change  and  slow  shallowing. 

The  bathymetrical  conditions  indicated  by  the  Scaldesien  and 
Diestien  accumulations  may  be  judged  of  by  the  guidance  of  the 
soundings  over  the  English  channel ;  the  difference  may  have  been 
as  much  as  from  30  to  40  fathoms,  or  to  such  an  extent  must  the 

crag -sea  have  shallowed  about  Antwerp  from  the  time  of  the  shell- 
bearing  Diestien  beds,  their  denudation,  and  the  formation  of  the 

dead-shell  sand  and  gravel  bank.  The  Pectunculus  glycimeris,  the 
most  abundant  member  of  the  fauna,  ranges  from  25  to  60,  and, 
according  to  some,  to  100  fathoms ;  but  no  part  of  the  Diestien  beds 
indicate  a  depth  at  which  Dentalia  become  abundant  and  charac- 

teristic, such  as  80  to  100  fathoms. 
VOL.  XXII.   PAET  I.  S 
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I  received  from  Captain  Cocheteux,  a  small  but  very  interesting 
collection  of  fossils  from  the  lowest  Diestien  beds  in  the  neighbour- 

hood of  Fort  4,  towards  Edeghem  (see  list)  ;  but  we  did  not  visit  the 
Edeghem  brickfield-section  above  referred  to  as  described  by  M. 
Nyst.  Erom  a  recollection  of  what  I  saw  in  1861,  the  Diestien  beds 
exactly  corresponded  in  colour  and  composition  with  those  of  the 
enceinte.  The  only  place  near  Antwerp  at  which  we  saw  the  super- 

position of  the  Diestien  Crag  to  the  Rupellien  clay  was  at  Schelle. 
4.  Schelle. — The  Crag-sea  accumulations  of  the  several  locaUties 

to  be  noticed  have  been  called  Diestien,  but  they  belong  to  very  dif- 
ferent submarine  conditions  from  those  of  the  base  of  the  Antwerp 

Crag. 

As  at  Edeghem,  beds  of  Eupellien  clay  are  worked  extensively 
for  bricks  and  tiles  at  Schelle.  This  Rupellien  clay  is  an  upper 
member  of  the  Nummulitic  series  of  Belgium,  corresponding  in  age 
and  condition  with,  and  externally  very  hke,  our  Barton  clay  of  Hants. 

The  RupeUien  clay  is  capped  by  sandy  beds,  which,  towards 
their  base,  and  particularly  at  the  upper  end  of  the  section,  become 
as  dark  as  those  about  Antwerp,  though  they  are  not  so  thick. 

These  sands  are  altogether  about  3'5  metres  thick.  A  verj^  dis- 
tinctly marked  hne  separates  these  formations ;  at  one  place  there 

is  unconformity  on  an  eroded  surface,  and  throughout  there  is  a  line 
or  band  of  flints,  some  large,  remaining  in  place,  together  with  Sep- 
tarisB  from  the  Eupellien  clay;  one  of  these  measured  more  than 
a  foot  across.  These  Crag  beds  belong  for  the  most  part  to  the  drift- 
sand  sea  zone. 

At  Schelle  the  upper  surface  of  the  Crag  sand  has  been  eroded, 
and  at  either  end  of  the  section  the  denudation  has  been  carried 

down  to  the  RupeUien  clay.  Schelle  is  10  kilometres  south  of 
Antwerp,  and  the  great  interest  of  the  section,  as  of  that  of  Edeg- 

hem, consists  in  the  evidence  it  affords  of  the  complete  break  of 
continuity  between  the  Eupellien  clay  beds  and  the  overlying 
Crag. 

5.  Louvain. — Louvain  is  between  4  and  5  myriametres  south-east 
of  Antwerp.  The  remains  of  the  Crag- sea  beds  occur  only  over  the 
Belgian  area  in  detached  patches,  and  the  interest  of  this  locality 
consists  in  the  evidence  it  affords  of  the  great  depth  to  which  denu- 

dation of  a  date  subsequent  to  the  Crag  period  has  been  carried. 
We  were  conducted  to  an  interesting  section  on  the  side  of  a  line 

of  hiU,  on  the  road  from  Louvain  to  PeILenberg;;,and  Tirlemont,  by 
M.  Yan  Beneden,  who  had  with  him  a  diagram  prepared  by  M.  Du- 
mont.  The  upper  part  of  this  section  alone  is  referable  to  the  Crag, 
the  details  are  given  in  fig.  1. 

On  an  eroded  surface  of  white  and  yellow  marls,  the  equivalents 
of  the  RupeUien  clays,  according  to  Dumont,  is  first  a  line  of  chalk- 
flint  shingle  and  gravel,  surmounted  by  brown  and  ferruginous  Die- 

stien sands ;  these  beds  belong  in  a  marked  manner  to  the  sea- 
zone  of  drifting  sand.  The  uppermost  portion  of  this  capping  to  the 
hill  consists  of  ferruginous  sands  distinctly  bedded,  occasionally  dia- 

gonally, and  below  this  is  a  line  of  waterworn  flints  on  a  scored  sur- 
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face.  The  upper  series  is  somewhat  coarser  than  the  lower,  and 
indicates  a  local  change,  or  disturbance  of  sea-bed;  the  whole  of 
the  crag  accumulation  at  this  place  is  sublittoral. 

Along  the  valley  of  the  Dyle  denudation  has  removed  all  beds 
from  the  Crag  down  to  the  Bruxellien  of  Dumont,  or  Lower  Num- 
mulitic. 

Fig.  1. — Section  showing  Crag -sand  and  Shingle  capping  a  hill  east 

of  Louvain. 

1.  Flint  shingle. 
2.  Very  ferruginous  sands,  with  flint  shingle  at  the  base. 
3.  White  and  yellow  marl  (Argile  de  Boom)  underlain  by  Lower 

Rupellien  sands. 

6.  Berg. — The  furthest  point  to  the  E.S.E.  of  Antwerp,  distant  7 
myriametres,  at  which  we  saw  the  rolled  flints  and  yellow  sands  of 
the  Crag-sea  area,  was  at  Berg  ;  these  gravel  beds  were  pointed  out 
to  us  as  belonging  to  the  base  of  the  Campine  sands,  but  the  circum- 

stance that  the  gravel  is  wholly  composed  of  chalk  flints  is  against 
such  a  supposition.  These  Crag  beds,  which  indicate  Kttoral  condi- 

tions, overlie  the  uppermost  portion  of  the  Nummulitic  series  (Ton- 
grien). 

7.  Bolderherg. — Our  visit  to  this  place  was  the  most  interesting 
point  of  the  excursion :  the  locality  had  suggested  to  M.  Dumont 

his  *^  Systeme  Bolderien ;  "  as  such  it  was  adopted  by  Sir  Charles 
Lyell  {uhi  supra,  tab.  1.  p.  270)  as  also  by  MM.  d'Orbigny*  and 
Beyricht.  The  Bolderien  formation  or  division  has  therefore  a  two- 

fold interest : — 1st,  in  respect  of  its  distinctiveness  or  place  as  a 
marine  sedimentary  group,  2nd,  as  to  its  zoological  value. 

The  section  of  the  Bolderherg  is  well  given  by  Bir  Charles  Lyell 
{u.  s.  p.  295),  except  that  the  position  of  the  shingle-bed  on  an 
eroded  uneven  surface  of  the  subjacent  sandy  strata  is  not  repre- 

sented in  the  woodcut.  To  whatever  period  the  lower  sands  may 
belong,  it  is  evident  that  they  had  become  consolidated  before  the 
accumulation  of  the  shingle.  The  shingle  is  whoUy  made  up  of 
chalk-flints,  in  which  respect  it  agrees  with  the  lines  of  gravel  and 
shingle  in  the  Louvain  section  (fig.  1),  and  also  with  that  at 
Berg. 

M.  Dumont's  systematic  subdivisions  were  based  on  considerations 
of  composition  or  mineral  character;  and  in  accordance  with  an 
assumed  theory  of  geological  change  he  considered  that  §hingle-beds 
represented  a  break  or  division  in  a  series  of  accumulations,  and 
further,  that  the  shingle-  or  gravel-beds  were  referable  to  the  close 

*  Cours  Elementaire  de  Pal^ontologie,  t.  ii.  p.  765. 
t  Ueber  den  Zusammenhang  der  Norddeutschen  Tertiarbildungen,  Abhandl. 

der  k.  Akad.  der  Wissensch.  zu  Berlin,  Aus  dem  Jahre  1855,  pp.  1  et  seq. s2 



236  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [Jail.  24, 

of  a  geological  period.  In  the  case  of  the  Bolderberg  there  was  no 
difficulty  in  identifying  the  upper  ferruginous  sands  with  those  of 
Diest,  and  overlying  some  older  system,  ending  upwards  in  a  shingle- 
bed. 

So  far  as  the  "  Systeme  Bolderien"  of  M.  Dumontis  concerned, 
its  geological  value  is  dependent  on  this  simple  consideration, — Is  the 
shingle-band  connected  with  the  sands  below  or  the  sands  above  ? 
In  nine  cases  out  of  10  throughout  the  whole  series  of  geological 
formations  the  shingle,  gravel,  and  conglomerate  beds  form  the  base 
of  each  natural  group  of  accumulations.  In  the  case  of  the  Bolder- 

berg there  is  no  ambiguity  whatever,  the  break  and  unconformity, 
whatever  it  may  be  worth,  occurs  below,  and  from  this  line  there  is 
a  progressive  change  upwards  from  sands  with  shingle  to  sands 
without ;  the  whole  mass  of  the  upper  ferruginous  sands  forming  a 
continuous  series,  and  differing  from  the  capping  to  the  hills  about 
Louvain  only  in  the  circumstance  of  the  fossils  it  contains.  The 
lowest  bed  represents  a  littoral  line;  the  higher  sandy  beds,  the 
zone  of  drift-sand  and  of  the  Crag  sea ;  the  whole  having  been  ac- 

cumulated slowly  as  the  area  was  being  depressed  or  submerged. 

Zoologically,  the  '^  Systeme  Bolderien  "  has  been  represented  as  a 
true  Miocene  formation  of  the  age  of  the  Faluns  of  Touraine*,  and 
this  has  constituted  its  palaeontological  interest.  Sir  Charles  Lyell, 
with  the  assistance  of  MM.  Nyst  and  Bosquet,  gave  a  list  of  47 

species  of  fossil  shells  which  presented  this  difficulty — that  whereas 
the  Faluns  of  Touraine  do  not  contain  a  single  form  belonging  to 
the  Nummulitic  formations,  even  those  of  its  latest  stage,  but  have 
a  marine  fauna,  which  so  far  as  accurate  identification  has  gone,  is 
wholly  Eastern  Atlantic,  the  reputed  Bolderien  Miocene  fauna  has 
had  assigned  to  it  a  mixed  assemblage  of  North- Sea  Crag  shells, 
(recent  species),  and  those  of  the  Belgian  equivalents  of  our  Barton 

beds.  It  was  this  consideration  probably  which  caused  M.  d'Orbigny 
to  refer  it  to  his  "  Sous-etage  Tongrien"t;  indeed,  it  is  evident 
that  it  was  the  Bolderberg  list  which  produced  this  double  error. 

We  collected  a  considerable  number  of  the  fossils  of  this  locality. 

They  occurred,  as  stated  by  Sir  Charles  Lyell,  in  the  pebble-beds 
and  associated  sands,  they  are  for  the  most  part  broken  and  worn, 

and  "  resemble  shells  thrown  on  a  sea-beach"  {u.  s.  p.  296).  The 
great  preponderance  of  single  valves  and  of  fragments  of  Pectunculus 
glydmeris,  and  Crag  forms  of  Pecten,  Venus,  (fee,  gives  to  the  assem- 

blage the  aspect  of  the  Scaldesien  fauna  ;  but  with  these  are  Diestien 
forms  of  Lunulites,  Flabellwm,  and  the  little  Oliva  jiammulata,  all 
exceedingly  well  preserved.  Even  at  first  glance  the  fauna  of  the 
Bolderberg  sands  is  to  a  very  great  extent  identical  with  that  of  the 
Belgian  Crag. 

Sir  Charles  Lyell's  list,  when  cleared  of  all  species  respecting 
which  doubts  were  felt,  leaves  23  forms.  M.  Nyst's  more  recent  list 
also  contains  47  species,  but  differing  from  the  47  given  by  Sir  C. 
Lyell.     Taking  the  first  list,  some  of  the  identifications  were  erro- 

*  Quart.  Joui'n.  Geol.  Soc.  vol.  viii.  p.  279. 
t  Cours  Elem.  de  Paleont.  &c.  t.  11.  p.  764. 
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neous — Corhula pisum,  Cancellaria  evulsa,  &c.,  have  been  recognized 
as  such — some,  it  will  be  seen,  are  as  yet  peculiar,  others  have  been 
described  from  imperfect  or  single  specimens  ;  eliminating  these,  the 
remainder  are  true  Crag-shells  and  also  recent  species,  so  that  the 
list  no  longer  presents  the  admixture  of  Nummulitic  and  recent 
species  as  was  once  supposed. 

The  Bolderien  fauna  was  considered  to  indicate  a  warmer  climate 

than  that  of  the  Antwerp  Crag  {u,  s.  p.  297) ;  but  since  the  pub- 

lication of  Sir  Charles  Lyell's  Memoir,  the  "  Crag  Noir,"  or  "  Systeme 
Diestien  "  has  afforded  all  the  forms  of  Oliva,  Conus,  Ancillaria, 
and  Cancellaria,  from  which  such  conditions  were  inferred. 

The  Bolderberg  is  the  only  locality  where  the  evidence  of  a  Bol- 
derien system,  stage,  or  subdivision  has  been  met  with  in  Belgium. 

Of  the  newer  formations  of  the  Rhine  valley,  those  of  Grafenberg 
near  Dusseldorf  can  alone,  says  Beyrich,  be  placed  on  the  level  of 
those  of  the  Bolderberg ;  but  he  adds  that  it  is  very  doubtful  whether 
these  do  not  rather  belong  to  the  older  Sternberg  beds  or  Tongrien ; 
so  that,  both  on  purely  geological  as  on  zoological  considerations,  the 
Bolderien  system  may  be  removed  from  the  general  series  of  distinc- 

tive geological  groups. 
Since  the  above  was  written,  I  have  met  with  the  following  pas- 

sage by  M.  lijst — the  result  of  a  comparison  of  the  Edeghem  shells 
with  those  of  the  Bolderberg : — "  Ce  qui  nous  fait  penser  que  le 
systeme  Bolderien  n'est  que  la  base  du  systeme  Diestien  de  Dumont." 
It  is  true  that  the  Bolderberg  shells  agree  with  those  of  Edeghem 
and  Eort  Herenthals ;  but  inasmuch  as  the  Bolderberg  shells  have 
been  washed  out  of  older  beds,  the  Systeme  Bolderien,  as  an  accumu- 

lation, must  necessarily  be  of  later  date  in  the  Crag  series,  and  not 
its  base  or  oldest  portion. 

8.  General  Results. — The  study  of  the  Antwerp  sections  leads  to 
the  impression  that  the  vertical  dimensions  of  the  whole  of  the  Crag 
formation  there  are  exceedingly  small.  Erom  the  highest  ground 
(ligne  culminante)  down  to  the  sea-level,  the  depth  is  only  9  metres, 
and  within  this  is  comprised  the  whole  formation,  including  the 

Campine  sands.  As  it  happens  in  Suffolk*,  so  here,  where  the 
upper  or  Scaldesien  Crag  is  thickest,  the  lower  is  thinnest ;  and 
where  the  Diestien  is  thickest,  the  upper  is  thinnest,  or  at  times 
wholly  wanting.  If  the  Diestien  beds  be  divided  into  upper  sandy 
ooze  and  lower  muddy  ooze,  the  sections  show  that  where  the  first 

has  been  removed  and  "  remanie,"  the  resulting  Scaldesien  beds  take 
the  form  of  "  Crag  gris ; "  and  that  where  it  has  not,  there  are  then 
yellowish,  argillaceous,  and  gravelly  sands.  The  real  difference  be- 

tween the  "  Crag  gris  "  and  the  "  Crag  jaune  "  of  the  Belgian  geo- 
logists is,  that  the  first  contains  a  larger  proportion  of  the  "re- 
manie fauna "  of  the  Diestien  beds ;  and  although  they  may,  as 

already  stated,  have  been  produced  under  slightly  differing  condi- 
tions, and  in  sequence,  yet  in  the  horizontal  sections  they  replace  one 

another,  and  have  not  an  aggregate  thickness  of  4  metres.     If,  as 

*  In  the  Deben  valley  the  Crag  does  not  exceed  25  feet,  and  even  in  the  Ips- wich district  it  is  of  small  amount. 
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was  most  probably  tbe  case,  the  Scaldesien  accumulation  was  of  the 

nature  of  a  dead-shell  sand  and  gravel-bank,  like  the  "  cordons  litto- 
raux  "  of  the  English  Channel  and  North  Sea,  and  so  merely  a  local 
condition  of  sea-bed,  the  estimate  for  the  thickness  of  the  Crag  must 
be  stiU  further  reduced :  the  ordinary  minute  subdivisions  of  syste- 

matizing geologists  are  wholly  inapplicable  to  such  accumulations 
as  these. 

Prom  this  it  is  evident  that  the  Antwerp  sections  fully  satisfy  the 
inquiry  as  to  relative  age.  The  Scaldesien  division  there  is  younger 
than  the  Diestien,  as  it  has  been  accumulated  over  it.  So  likewise 
the  upper  Scaldesien  must  be  younger  than  the  lower ;  but  this  is 
merely  relative  age  in  respect  of  rearrangement.  The  corresponding 
conditions  on  the  English  and  Belgian  areas  of  the  Crag  sea  are  the 

Eed  Crag  and  the  Scaldesien ;  both  are  "  remanie  "  accumulations. 
The  diiference  which  these  present  in  respect  of  the  marine  fauna 
they  contain,  is  not  of  much  amount  numerically,  and,  viewed  in  detail, 
it  is  just  such  as  would  arise  from  the  diiferent  sources  whence  each 
was  derived.  The  Red  Crag  was  from  the  break  up  of  a  neighbour- 

ing Bryozoan  sea-zone,  the  Scaldesien  from  Ooz,e  depths.  Any  com- 

parison of  the  fossil  contents  of  the  "  Coralline  Crag "  and  of  the 
"Crag  noir"  must  be  subject  to  the  consideration  of  differences 
which  result  from  depth  and  condition  of  sea-bed.  Erom  the  nature 
of  the  question,  therefore,  a  percentage  calculation  for  determining 
relative  age  is  inapplicable  with  respect  to  the  component  parts  of 
the  English  and  Belgian  Crag,  or  even  of  one  part  with  another  of 
the  same  series. 

The  fossils  of  the  Systeme  Diestien  are  proper  to  it ;  and  from 
them  may  be  inferred  the  condition  of  that  part  of  the  Crag  sea  for 
that  particular  time.  The  fossils  of  the  Scaldesien  beds  are  wholly 
extraneous  to  them,  belonging  to  all  regions  of  depth,  and  all 
periods  of  the  Crag  formation — from  them  no  guidance  in  geological 
chronology  can  be  derived. 

III.  Conditions  op  Ckag-Sea.  Aeea. 

By  combining  the  results  obtainable  from  the  East  Anglian  and 
Belgian  Crag  beds,  some  general  views  may  be  deduced  as  to  the 
Crag  sea,  both  physical  (1)  and  zoological  (2). 

1.  Physical  Features. — Along  the  lower  courses  of  the  Orwell  and 
Deben,  and  thence  towards  Orford  and  Aldborough,  the  Crag  beds 
occupy  an  old  depression.  The  greatest  extension  which  the  sea 
had  here  was  by  Bentley,  Ipswich,  and  Woodbridge.  The  Eed  Crag 
of  these  places  being  a  true  sub-littoral  accumulation. 

Corresponding  beds,  as  to  age,  occur  in  two  other  old  depressions, 
those  of  the  Blyth  and  the  Yare.  At  Yarmouth  it  may  be  inferred 
that  there  is  a  considerable  thickness  of  Crag  (Prestwich,  Quart. 
Journ.  Geol.  Soc.  vol.  xvi.  p.  449).  Finally,  a  sea-bed  of  the  same 
age  is  seen  at  Mundesley.  In  tracing  the  outline  of  the  Crag  sea,  it 
may  safely  be  made  to  include  a  rather  wide  area,  about  the  lower 
courses  of  the  Waveney,  Yare,  and  Bure. 
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Rivers  discharged  at  several  places,  bringing  down  the  land  and 
freshwater  shells  of  the  period  into  the  Crag  sea,  of  which  forms  the 
Unio  litoralis  and  Cyrena  consobrina  are  the  best  guides.  On  one 
side  of  this  sea,  the  Grays  beds  represent  the  purely  fluviatile  or 
estuarine  beds  of  the  great  tributary  of  the  Thames  valley ;  whilst  the 
Norwich  beds  and  those  of  Kelsey  belong  to  the  fluvio-marine  facies, 
in  connection  with  the  streams  or  rivers  of  the  Yare  and  Humber. 

North  of  the  East  Anghan  area  the  Crag  sea  is  indicated  at  inter- 
vals, as  at  Bridlington  and  Stains  (Aberdeenshire),  and  by  its  fossils 

over  the  bed  of  the  North  Sea. 

In  addition  to  the  conditions  here  given,  we  have  on  the  English 
side  of  the  area  the  Coralline  Crag,  or  Bryozoan  facies  of  its  sea-bed. 

From  near  Maastricht  the  Crag  beds  extend  beneath  newer  accu- 
mulations into  Guelderland  (Winterswyk,  Bekken)*. 

The  sheUy  sands  which  in  North  Holland  occur  beneath  the  Dune- 
sand,  Polder-,  and  Peaty-beds,  are,  undoubtedly,  of  the  Crag  Period, 
and  the  same  sea-bed  is  met  with  in  Segeberg,  Liineberg,  and  Sylt ; 
but  it  does  not  extend  eastwards  into  the  Baltic  area,  and  that 
depression  owes  its  origin  to  a  subsidence  or  depression  of  the  great 
Scandinavian  mass,  the  line  of  which,  very  probably,  is  that  of  the 
deep-sea  soundings,  and  which  accordinglv  has  been  taken  (vide 
Map,  fig.  2). 

The  Crag  sea  opened  out  northwards.  On  the  extreme  south  its 
condition  is  indicated,  first,  by  the  great  breadth  of  the  sand-zone, 
eKtending  the  whole  length  of  the  axis  of  Artois,  and  the  Ardennes 
chain;  and  next  by  the  transport,  along  a  line  of  coast,  of  the 
flint-gravel  and  shingle,  which  must  necessarily  have  been  derived 
from  the  English  side  of  the  area.  As  these  materials  occur  from 
the  basement  bed  to  the  uppermost,  such  a  coast-line  must  have 
been  continued  during  the  whole  of  the  Crag-sea  period,  as  a  limit 
on  the  South.  Structurally,  the  limitation  was  dependent  on  the 
extension  of  the  axis  of  Artois,  and  of  our  own  Wealden  elevation. 
The  Sangatte  section  shows  that  this  barrier  was  maintained  until 
the  close  of  the  Glacial  Period  f. 

At  this  time  the  Northern  hemisphere  presented  a  broad  belt  of 
circumpolar  land,  and  these  geographical  arrangements  influenced 
the  character  of  the  Crag-sea  fauna. 

Such  a  communication  as  the  present  does  not  admit  of  a  detailed 
analysis  of  the  Crag- sea  fauna  in  respect  of  its  origin,  though  the 
materials  are  amply  sufficient,  but  the  subject  may  be  alluded  to, 
inasmuch  as  the  peculiarities  can  alone  be  explained  by  reference  to 
bygone  geographical  arrangements. 

What  these  must  have  been  is  given  in  the  accompanying  small 
sketch-map,  which  shows  why  the  Crag  Molluscan  fauna,  which  is 
wholly  Atlantic,  like  that  of  the  synchronous  sea-beds  of  Selsey,  the 

Cotentin,  the  Faluns  of  Touraine  and  Bordeaux,  &c.,  should  dift'er 
from  these  last  to  so  great  an  extent.  The  Crag-sea  area  included 
the  representatives  of  two  distinct  Atlantic  provinces,  the  Boreal  or 

*  Staring.  Bodem  van  Nederland.  vol.  ii.  p.  284. 
t  See  Nat.  Hist,  of  European  Seas,  p.  286,  and  Map  II. 
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Fig.  2. — Map  showing  the  extent  of  the  Crag-sea  area. 

The  vertical  tint  indicates  ancient  land. 
The  horizontal  tint  indicates  ancient  seas. 

The  inclined  tint  indicates  present  land  that  has  not  been  sub- 
merged during  the  Crag  period. 
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North  Atlantic,  both  Eastern  and  Western,  and  the  Southern  or 
Lnsitanian. 

The  greater  extent  of  circumpolar  land  would  exercise  a  great 
influence  on  the  course  of  the  North  Atlantic  Ocean-current,  and  the 

general  temperature  of  its  waters,froni  55°  to  65°  N.  lat.,  would  have 
been  much  higher  than  at  present.  Under  these  conditions  there 
would  have  been  an  extension  eastward  of  the  transatlantic  littoral 

fauna,  whilst  at  the  same  time  the  temperature  would  encourage  a 
more  northern  range  of  Lusitanian  forms. 

The  marine  beds  of  the  Tagus,  of  the  Adour,  of  the  Loire,  and  of 
the  English  Channel,  which  were  indents  from  the  Eastern  Atlantic, 
have  this  common  characteristic,  that  the  fauna  of  each,  so  far  as 

living  species  can  guide  us,  is  more  southern  than  that  of  the  corre- 
sponding coast  at  present ;  and  this  order  of  diiference  is  progressive 

from  south  northwards,  so  that  whilst  the  beds  of  the  English  Channel 
have  Lusitanian  relations,  those  of  Touraine,  and  to  a  greater  extent 

those  of  Bordeaux*  and  the  places  south  connect  themselves  with  the 
West  African  marine  fauna. 

2.  Zoological  Features. — The  Crag  fauna  of  the  EngHsh  area  is  in- 
complete, so  also  is  that  of  Belgium  ;  taken  together,  thej  form  a 

completer  marine  fauna,  representing  a  greater  range  of  sea-zones. 
Various  comparisons  have  been  made  for  percentage  calculations 

between  the  shells  of  the  "  Crag  jaune"  and  the  "  Crag  gris,"  and 
again  between  those  from  the  Scaldesien  generally  and  the  "  Crag 
noir  "  or  Diestien. 

It  will  not  be  necessary  here  to  reproduce  the  whole  of  M.  Nyst's 
latest  lists,  given  in  the  work  of  Omalius  ;  for  the  first  comparison 
the  differences  in  the  first  two  lists  will  sufiice.  It  might  be  ex- 

pected, from  the  extent  to  which  the  Diestien  beds  have  been  denuded, 
that  the  whole  of  their  proper  fauna  should  be  met  with  in  the 
Scaldesien  beds  which  resulted  from  that  change  ;  it  is  so  to  a  great 
extent,  but  it  is  also  evident  on  the  spot  that  it  is  mainly  the  stronger 
shells  which  have  endured  removal ;  besides  this,  in  the  Antwerp 
district,  where  alone  true  Scaldesien  beds  occur,  the  Diestien  beds  on 
which  they  lie  have  not  been  denuded  quite  so  low  as  the  second 

life-zone  (Edeghem,  Fort  Herenthal),  in  which  the  deepest  water 
assemblage  is  met  with. 

It  would  appear,  so  far  as  collections  at  present  indicate,  that  of 

143  species  enumerated  by  M.  Nyst,  there  are  some  in  the  "  Crag 

jaune  "  which  are  scarce  or  wanting  in  the  "  Crag  gris"  (Tab.  I.), 
and  in  the  latter,  some  wanting  in  the  other  (Tab.  II.)  ;  but  the  lists 
may  be  somewhat  reduced  by  removing  such  species  as  are  known 

only  as  Belgic  at  present.  Paludestrina'?  terehellata,  N. ;  Turhinella 

internodula,  N. ;  Eulima  Icevis,  'N. ;  Natica  proxima  (a  doubtful species) ;  Cancellaria  minuta,  N.  (un  seul  individu)  ;  Pleurotoma 
turrifera  ?  P.  costata  ;  P.  histrix ;  P.  Woodii ;  Murew  tortuosus,  M.  C. 

*  The  boundary  of  the  Crag  sea  is  so  traced  on  its  eastern  side  as  to  include 
the  Upper  Kainozoic  formations  near  Cassel,  Luithorst,  Freden,  and  Dichholtz ; 
these  are  all  in  the  latitude  of  the  Belgian  crag,  and  along  the  courses  of  the 
Weser  and  Lesse. 
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(a  deformity  of  M.  erinaceus)  ;  Troplion  striatum ;   Gerithium  Wood- 
wardii,  N.  j  leaving  for  Tab.  I.  16  peculiar  species. 

Table  I. 

(  The  species  with  an  asterisk  occur  in  the  Edeghem  zone.) 

RlSSOA. 

^ii^,Mont   [^tSti^  ̂ -  ̂P^'^'JBryozoanCrag. Turbo. 

*pHcata,  Mont.     {^tihl''^...^'!'!!:...!!^^.^}  ̂ ^y-  ̂ ^-  ̂ ^^^P" AcTiEON. 

*Nose,  M.  C.  —  A.  tomatilis    Boreal  and  Lusit.  40  faths.    Bry.  Cr. 
TORNATELLA. 

conoidea,  Brc. = T.  plicata,  1 
Mont.  ;  fide  Alder,  I 
Lov^n   J 

Natica. 

Sowerbyi,  iV.=catenoides  /Boreal   and  Lusit.,  litt.,  1 -p  •,  ̂ 

=  nitida     1     40  faths   j  ±tea  ur. 
Trochus. 

IS,  jDa(7.= 

M.C.      1     50faths   ^   J"      "  Crag  gris 

/Boreal  to  S  
 1      20  faths. 

Cancellaria. 

costellifera,    M.  C.=viri- /Greenland    Eur.    Boreal, 
dula 

umbilicaris,  5r<7.  =  cancel- /Lusit.,  W.  African,  4-251 
lata  =  similaris       [      faths. 

papillosus,  jDa(7.=similis, /Sth.  Brit,  to  Lusit.  litt.,  /  Red  Cr.   T.  similis  in 

T  /  Boreal  to  Sth.  Brit.  11  tt.,  1  t,  j  /-« 
cmerarius,  iy   \      onr-i-u.  '  I  Eed  Cr. 

/  Greenland    Eur.    Boreal,  ̂   -n  j  x»  j  n 

1      10-50  faths   'JBry.andEedCr. 

Pleurotoma. 

*turricula,  Brc.  non  Bela- 1  f  Red  Cr.  It.  Sic.  (Bol- 

,    tur   J    \      derberg). 
elegans,      >Scac.=attenua- /N.    Lusit.     to     Mediter- /  Touraine(P/.wcra5S«^a, 

turn,  Mont   \      ranean,  6-25  faths   J      Bej.). 
gracilis,  Scac       Brit,  to  Lusit. ,  8-30  faths. 

Trophon. 

scalariforme,  6^<?M?^=cla- /Boreal  and  Brit.  litt.  to  "1  t>   i  ̂  thratum,  L.  fide  Loven.  \      100  faths   J 

tetragona,   M.    C.=capil- /Boreal  to  N.  Lusit.,  5-10 1  Red    Cr.    (a  deformed 
lus,  L   \      faths   J      variety). 

Cerithium. 

punctatum,  Woodw   Red  Cr.  Tour.  Subap. 

Nassa. 

prismatica,5rc   Lusit.,  20-40  faths   {^^ubap  ̂'*^  ̂'''  ̂''"'' BUCCINUM. 

crassum,  JV.  =  Dalei,  ilf.  C.    Boreal  and  Lusit.,  81  faths.     Red  Cr. 

Patella. 

.     .         ,,..,,                       f  Boreal  to  Lusit.  litt.,  to  1  -r>    i  n 
virginea,  i»/w/^.    ......;   |     50  faths   !....]  ̂ ^  ̂ ^^°- 
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In  like  manner  the  following  may  be  deducted  from  the  list  of 

**  Crag  gris  "  shells  : — Scalaria  Woodiana,  N. ;  Turbinella  similis  ; 
Cerithium  sinistrorsum  ;  Nassa  flexuosa  ;  N.  crassilabra  ;  N.  contorta  ; 
Pileopsis  militans,  Mont,  (a  spurious  West-India  shell,  F.  and  H.  ii. 
p.  462) ;  Dentalium  semiclausum ;  leaving  16  peculiar  species,  viz. : — 

Tabi^  n. 
Pyramidella, 

l^viuscula,  Sw   P^7-  Cr-  To^rain.  fal. 
'  I     jaune.  Bord. 

SCALARIA. 

„i  .>   ..  ,i„  fS.  W.  Brit,  to  Canaries,  1  -r.„„  r.- 
clathratula   |      10-80  faths   ;  j  Bry.  Cr. 

Action. 

*levidensis,  6^w,  =  tornati- f  Brit,  to  Spain,  litt.  to  401  Bry.  and  Red  Cr.  (in 
lis,  L.=NosQ,  M.  a    ...\     fatlis   J      tab.  i.). 

EiNGICULA. 

*buccinea,  Jf.  C.  =  auricu- "I  T     •*.  a  ca /•  ̂ .u  /  Bry.  and  Red  Cr.  Bord, 
lata,  Mont   J^""''^'  ̂ -60  faths   |      ̂̂ ^^^^ 

Trochus. 

similis,  M.  C  =  papillosus     W.  Brit,  to  Canaries       also  in  tab.  i. 

^fa^r. ̂ :.^.^^^r.!°!!"'... }  ^""'^    ^^y-  ̂ ^^  ̂ ^  ̂'- Robynsii,  N.      

"ri™  SmT^r:)  L-t.  litt,  to  40  fifths.  ...    Bry.  C. 
Margarita. 

?  monilifera,     JV.=macu-'1  x.       n 

lata,  Sw   j       -^^y-  ̂^- 
Pleurotoma. 

*intorta,5rc   {'^f^,^'''   ̂ ^^-    ̂^^^P- '  I     (Steuvenberg). 
Trophon. 

alveolatum,  ilf.  C.        Bry.  Cr.  com.  Red  Cr. 

antiquum,  MiilL   {^  Mel^^^:..^'!!^.^^.^}  C^'  ̂^''''^^ 

muricatum.  Mont    {^tihs^'''^...^^'E.^^^T^^  ̂ ^^  ̂ '^  ̂ ^- 
Pyrula. 

^reticulata.  Lam   {^^Subfp"^'^  ̂'''  ̂''"'" Nassa. 

*eranulata,  M.  C,  var.  of  f  Boreal  and  Lusit.  litt.  to  1  -r>  j  x»  j  /-< 

incrassat;   {     50  faths.  |  Bry.  and  Red  Cr. 

Cassidaria. 

^^nophTr^..^;..^:^  6  ̂̂ *^«       B^-  ̂'^d  ̂ ^  Cr.,  rare. 
Pileopsis. 

obliquus,  >Sw.=ungaricus,  1  Brit,    and    Lusit.    16-30 
var   J      faths   

Dentalium. 

costatfum = dentale,  Lin. . .     Lusit.  2-30  faths       Bry.  and  Red.  Cr. 
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The  Conchifera  from  the  "  Crag  jaime  "  and  "  Crag  gris  "  are  the 
same  ;  the  differences  are  solelj^  in  respect  of  the  gasteropods.  The 
distribution  in  depth  of  the  living  analogues  of  the  Crag  conchifers 
will  satisfactorily  explain  this ;  and  the  only  other  inferences  which 
these  tables  suggest  are,  1st,  that  the  species  generally  indicate  a 
greater  depth  of  water,  as  their  life-zone,  than  that  of  remanie  Scal- 
desien  beds  in  which  they  occur  ;  and,  2nd,  that  these  deeper 
zones  of  the  Crag-sea  had  very  decided  southern  or  Lusitanian 
relations. 

M.  Nyst  is  of  opinion  that  the  marine  fauna  of  the  lower  Diestien 
beds  (Crag  noir)  is  more  nearly  allied  to  that  of  the  Paluns  of 
Bordeaux,  Piedmont,  Sicily,  and  Austria,  than  that  of  the  Scaldesien 
Crag.  This  view  is  hardly  supported  by  a  consideration  of  the  25 
species  of  Conchifera  which  occur  in  the  Edeghem  and  Fort  Herenthal 
zone.  As  the  product  of  the  shallower-water  sea-zones  which  con- 

tributed the  Scaldesien  fauna,  shows  decided  southern  relations,  the 

deeper- water  zones  would  necessarily  show  a  like  relation  somewhat 
more  strongly,  from  the  more  uniform  conditions  which  obtain  there. 
This  is  just  what  happens  now.  This  impression  as  to  the  Falunien 
facies  of  the  lower  Crag  is  very  likely  to  suggest  itself,  from  the  pre- 

sence of  corals  such  as  Stephanophyllia,  Flahellum,  and  the  marked 
preponderance  of  such  genera  as  Cancellaria,  Fusus,  Pleurotoma, 
Conus,  many  of  which  are  so  very  like  Barton  and  Rupellien  species 
as  to  give  an  even  older  aspect  to  these  beds.  All  the  Diestien  spe- 

cies are,  however,  distinct,  and  these  resemblances  are  good  illustra- 
tions of  that  system  of  representation  which  is  to  be  observed  in 

respect  of  the  products  of  like  conditions  and  zones  of  depth  of  every 
geological  period. 

M.  Nyst's  list  of  Edeghem  shells  may  be  reduced  from  145  to 
130  in  respect  of  uncertainties ;  of  these  47  are  known  as  living. 
This  gives  a  seemingly  larger  proportion  of  unknown  to  known 
forms  than  is  the  case  with  the  Scaldesien  Crag.  The  question  which 
arises  is,  whether  this  diiference  is  connected  with  relative  age, — 
whether  it  is  any  proof  that  the  Edeghem  beds  are  of  greater  anti- 

quity than  the  Scaldesien.     Geologists  have  so  considered  it. 
The  47  species  above  referred  to  are  as  follows,^ — L.  signifying 

Lusitanian  province,  Br.  British,  B.  Boreal. 

Table  III. 

Chemnitzia  simiHs,  Forbes.     L. 
Pyramidella  plicosa,  Bronn.     L. 
Odostomia  plicata,  Broc.     B.  &  S.  L. 

10-70  f . 
Actaeon  tornatilis,  Lin.    B.-L.,  3-60  f. 
E-ingicula  buccinea.     L.,  4-60f. 
Natica  millepunctata,  Lin.  L.  litt.-40f. 
  Josephinea  =  OUa.     L.,  8-12  f. 
Cypreea  pyrum,  Chn.     L.,  uncertain. 
  Europaea,  Mont.     B.  &  L.,  litt.- 20  f. 
OHva  flammulata.     West  Afr. 

Mitra  fusiformis,  Broc.     L. 

Aporrhais  pes-pelecani,  Li7i.      B.-L., 
100  f. 

Pleurotoma  intorta,  Broc. 
Nassa  incrassata,  Mull.      B.-L.,  litt.- 

50  f 
Cassis  Saburon.     L.-W.  Africa,  8-  ?. 
Calyptrgea  sinensis,   Lin.     S,  Br,-L., 

litt.-lO  f. 
Crepidula  unguiformis.     L. 
Emarginula  fissura,  Lin. 
Dentalium  entalis,  Lin.    L.,  2-200  f. 
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Table  III.  (continued). 

L. 
Venus  rudis,  Poli. 
Venus  chione,  Lin.    S.  Br.  &  L.,  litt, 

40  f. 

Corbula  gibba,  Oliv.    B.-L.,  5-30  f. 
Cyprina  Islandica,     B.  &  Br.,  5-80  f. 
Mya  ferruginosa.      N.  Br.,  L.,  3-80  f. 
Axinus  sinuosus.     B.-L.,  8-80  f. 
Lucina  borealis.     B.-L.,  litt.-80  f. 

Pectunculus  glycimeris.    10-50-100  f. 
Modiola  marmorata,  Forbes.     B.-L., 

litt.-40  f. 

Pecten  tigrinus.    B.-L.,  10-100  f.   Sowerbyi, 

  pusio.     Litt. -90  f. 
Anomia  ephippium.  B.-L.,  litt.-160f. 

Bulla  lignaria,  Lin.    B.-L.,  litt.-40  f. 
  eylindracea,  Bru^.    B.-S.L.,  litt. -90. 

  acuminata,  Brug. 
  conuloidea,  Wood. 
  utricula,  Broc. 
Vaginella  depressa.     Lusit.  latitudes. 
Spirialis  rostralis.  ,, 

Pholas  papyracea.     S.  Br.,  litt.-20  f. 
Solen  ensis,  Lin.    B.-L.,  litt. 
  strigillatus.     L.,  litt.-lO  f. 
Saxicava  arctiea.     Litt.-160  f. 

  rugosa.     Br.&L.,  6-20f. 
  fragilis. 

Syndosmya  prismatica.  B.-L.,  3-100  f. 
Leda  pygmaea,  BUI.    E.  &  W.  B.,  L., 

25-50  f. 

It  is  evident  from  the  foregoing  list  that  the  Edeghem  fauna  is 
referable  generally  to  a  much  deeper  bed  than  the  Scaldesien.  This 
consideration  by  itself  shuts  out  such  comparisons  as  have  been 
made ;  things  so  unlike  as  the  assemblages  of  fossil  shells  from  very 
different  ranges  and  conditions  of  sea-bed  can  only  be  compared  for 
the  purpose  of  obtaining  a  knovrledge  of  vrhat  those  depths  were. 
Our  acquaintance  with  the  distribution  of  marine  species  over  deep- 
sea  beds  is  as  yet  imperfect,  but  we  know  that  it  has  its  peculiar 
facies ;  and  geologists  have  not  sufficiently  regarded  this,  hence  much 

erroneous  generalization.  It  is  weU  observed  by  Mr.  J.  G.  Jeffreys*: 
*'  It  is  obvious  that  negative  evidence  of  the  occurrence  of  any  species 
(and  especially  of  those  which  inhabit  deep  water)  in  any  given  area 
of  sea  is  inadmissible ;  and  naturalists  do  not  differ  from  logicians 

or  lawyers  in  rejecting  such  evidence."  The  peculiar  forms  of  the 
"  Crag  Noir"  could  not  possibly  occur  in  Scaldesien  beds,  in  respect 
of  their  conditions  of  existence,  though  they  should  have  been  inha- 

bitants of  the  same  sea  at  the  same  time.  The  occupation  of  the 
North  Sea  area  by  the  true  Crag  fauna  was  not  of  lengthened  duration, 
nor  does  the  fauna  itself  indicate  that  change  in  time  which  is  so 
clearly  to  be  traced  in  the  accumulations  of  long  periods,  whether 
Palaeozoic,  Secondary,  or  Nummulitic.  The  Crag  is  not  a  formation, 
but  merely  a  single  stage  in  the  Kainozoic  series. 

3.  Denudation. — The  extent  to  which  portions  of  the  rock-forma- 
tions have  been  removed,  and  the  character  of  the  surface  denuda- 
tions, are  amongst  the  most  interesting  of  the  geological  phenomena 

of  Belgium.  Such  is  the  denudation  which  occurred  antecedently 
to  the  Cretaceous  series,  and  again  before  the  Nummulitic.  Por  the 
present  I  would  call  attention  to  that  which  followed  the  completion 
of  the  Crag-sea  beds,  because  the  evidence  is  very  striking,  and  has 
a  bearing  on  some  views  recently  put  forward  by  English  geo- 

logists, to  the  effect  that  there  is  evidence  of  continuity  and  un- 
broken marine  conditions,  from  the  Suffolk  Crag  upwards  into  the 

Boulder- formation . 
*  Ann.  and Nat.  Hist.  ser.  2.  vol.  xvii.  p.  168. 
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Abundant  illustration  might  be  derived  from  our  own  East  Ang- 
lian area  to  controvert  this  view,  and  prove  that  a  great  break  and 

a  long  interval  of  time  intervened  between  the  Crag  beds  and  the 
Boulder  series,  during  which  the  North  Sea  was  a  terrestial  area. 
The  Belgian  evidence  bears  most  on  the  length  of  the  interval  or 
the  lapse  of  time. 

Over  the  whole  of  the  broad  area  of  the  Scaldesien,  Diestien,  and 
Bolderien  systems  of  the  map  of  Dumont  the  formations  are  seve- 

rally at  present  represented  only  by  isolated  masses  or  patches: 
away  from  Antwerp,  and  as  the  country  rises  southwards,  these 
occur  as  the  cappings  of  hills,  or  ridges.  These  sandy  strata,  which 
perhaps  may  have  admitted  of  easy  denudation,  must,  from  their 
composition,  have  extended  from  place  to  place  ;  and  what  now  re- 

mains is  not  a  thousandth  part  of  what  once  was.  In  the  case  of 
the  valley  of  the  Dyle,  by  Louvain,  the  denudation  has  extended  down 

to  the  Bruxellian  beds  of  the  IS'ummulitic  series  to  a  depth  of  1 00 feet ;  and  the  completeness  with  which  all  the  materials  have  been 
removed  is  well  seen  in  the  slope  of  the  hills,  as  also  on  the  level, 
along  the  railway  cutting.  The  denudation  about  the  Bolderberg  is 
of  nearly  like  amount  as  at  Louvain. 

In  these  cases,  as  in  that  of  Schelle,  the  loss  and  Campine  sands 
were  spread  out  after  the  denudation  of  the  Crag-sea  beds ;  and  as 
these  belong  to  the  later  portion  of  the  glacial  period,  the  denudation 

of  the  country  must  be  referred  to  some  intermediate  stage  *. 
4.  Variation  in  Depth. — The  movements  of  elevation  and  depres- 

sion of  the  water-level  which  the  North- Sea  area  experienced  during 
the  Crag  period,  are  very  simple,  and  so  far  are  in  harmony  with  the 
apparent  short  duration  of  that  period. 

The  chalk  flints,  and  the  Septarian  blocks  derived  from  the  sub- 
jacent Rupellien  beds,  which  also  occur  elsewhere  at  the  base  of  the 

Diestien  system  (Edeghem)  are  the  remains  of  shallower  water  con- 
ditions than  such  as  followed,  or  are  proofs  of  depression. 

Both  on  our  own  Suffolk  area,  as  on  that  of  Belgium,  the  change 

indicated  from  the  Bed  Crag  to  the  Bryozoan,  and  from  the  Scalde- 
sien to  the  Diestien,  was  of  diminished  depth,  or  is  evidence  of 

elevation.     Its  subsequent  emergence  was  in  the  same  direction. 
The  earhest  condition  of  the  Crag-sea  area  here  indicated  is  sup- 

ported by  a  study  of  the  list  of  shells  given  by  Mr.  Nyst,  as  obtained 
from  the  gravel  bed  at  the  base  of  the  Diestien  system  at  Edeghem  f. 

The  Faluns  of  Touraine  have  experienced  an  amount  of  denudation 

such  as  is  presented  by  the  Belgian  Crag.  M.  d'Orbigny  has  made 
this  remark  with  respect  to  the  first-named  formation,  that  removal 
to  so  great  an  extent  should  have  happened  to  synchronous  accumu- 

*  Considered  with  reference  to  a  line  of  section  from  Fort  2.  towards  the 
North  citadel,  the  whole  of  the  Crag  series  has  been  planed  off  from  N.E.  to 
S.W.,  so  that  lower  beds  come  to  the  surface ;  and  this  has  happened  twice : — 
1.  during  the  Crag  period,  when  by  diminution  of  depth  the  deeper  sea-bed  was 
denuded,  and  covered  up  by  the  Scaldesien ;  2.  when  its  general  surface  was 
eroded  and  removed. 

t  Bull,  de  I'Acad.  Koy.  de  Sciences  de  Belg.  s6r.  2,  vol.  xiii,  p.  29. 
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lations,  though  somewhat  distant,  is  curious  as  a  coincidence,  but  in 

both  cases  it  perhaps  may  be  explained  by  the  inconsiderable  thick- 
ness, as  also  the  loose  materials,  of  the  two  formations. 

IV.  Newer  Kainozoic. 

1.  Cailloux  Ardennais. — In  the  sections  about  Antwerp  we  seldom 
failed  to  detect  the  thin  line  of  quartz  pebbles,  to  which  the  Belgian 
geologists  have  called  attention,  as  underlying  the  Campine  sands. 
They  were  here  very  small,  few  in  number,  but  perfectly  rounded ; 
they  have  been  derived  from  the  quartz  veins  of  Palseozoic  rocks. 
These  are  the  Cailloux  Ardennais  of  M.  Omalius,  and  came  originally 
from  that  ridge  or  axis.  As  compared  with  other  places  to  the 
north  and  east  they  have  evidently  at  Antwerp  reached  their  ex- 

treme limit  of  dispersion*. 
In  the  section  at  Schelle  the  quartz  pebbles  serve  to  separate  the 

Campine  sand  from  the  older  sandy  accumulation ;  but  for  these  the 
line  might  easily  escape  detection,  so  closely  do  the  surface-sands 
resemble  the  Crag  sands  beneath.  At  this  place  it  is  evident  that 
Campine  sand  has  been  spread  over  the  country  since  the  denudation 
of  the  Crag,  as  at  either  end  of  the  section  it  rests  on  the  surface  of 
the  Eupellien  clay,  and  in  this  position  the  quartz  pebbles  are  mixed 
up  with  the  chalk-flints  which  originally  occurred  at  the  base  of  the 
Crag,  and  stiU  remain  en  place. 

About  Hasselt  the  quartz  pebbles  occur  in  great  abundance  and  of 
large  size ;  with  them  are  chalk-flints,  somewhat  less  water- worn. 
Towards  Maestricht  the  quartz  gravel,  as  seen  in  the  railway  banks, 
underlies  a  considerable  thickness  of  argillaceous  sand;  the  accu- 

mulation increases  in  thickness  as  it  approaches  the  line  of  the 
valley  of  the  Meuse,  ending  abruptly  at  a  considerable  elevation 
above  the  present  level  of  that  river,  which  has  deepened  its  course 
out  of  these  gravel  beds. 

Prom  Hasselt  towards  the  Bolderberg  the  plain  presents  a  con- 
tinuous spread  of  siliceous  sands,  overlying  coarse  quartz  shingle 

with  flints.  These  sands  and  gravels  end  off  at  the  base  of  the 
Bolderberg  ridge. 

Quartz  pebbles,  beneath  loss,  occur  in  the  high  ground  above  Liege 
on  the  north,  as  also  north  of  Namur,  both  on  the  surface  of  the 
Carboniferous  limestone,  beneath  the  loss,  as  also  in  the  wide 
fissures  of  those  rocks.  Wherever  patches  of  Nummulitic  sands 
occur  (Bruxelles  beds),  the  quartz  shingle  separates  the  older  sands 
from  the  loss. 

At  Dinant,  in  the  Condroz,  the  quartz  shingle  occurs  everywhere 
over  the  surface  on  the  high  ground ;  and  lastly  we  met  it  in  the 
fissures  which  have  been  enlarged  into  the  caves  of  Furfooz. 

These  caves  occur  in  a  mass  of  Carboniferous  limestone  overlook- 

ing the  river  Lesse,  a  tributary  of  the  Meuse,  and  taking  its  rise  in 
the  high  ground  of  the  Ardennes,  near  St.  Hubert. 

*  I  did  not  notice  any  quartz  pebbles  on  the  summit  of  the  hill  east  of Louvain. 
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In  the  first  cave,  which  is  established  on  a  line  of  fracture  of  the 
limestone,  enlarged  by  the  passage  of  water,  the  general  order  of  the 
accumulation  which  occupies  the  lower  portion,  is  as  follows  (as 
traced  for  me  in  my  note-book  by  M.  Dupont ;  a  layer  of  "  argile 

smectique  "  of  M.  Dupont,  next  to  the  limestone  rock,  is  merely  the 
product  of  the  decomposition  of  the  impure  hmestone) : — 

1.  A  thick  accumulation  of  Hmestone  talus,  from  the  face  of  the 
cliff. 

2.  Loamy  sand. 
3.  Eounded  quartz  pebbles. 
Beds  2  and  3  extend  back  into  the  cave,  sloping  upwards. 

Fig.  3. — Section  of  the  dejposits  at  the  entrance  of  the  Furfooz  Cave. 

a.  Angular  debris — Argile  a  blocs  anguleux. 
h.  Stalagmite. 
c.  Sandy  Clay.     Bear  and  Eeindeer. 
d.  Shingle — Cailloux  Ardennais. 
e.  Fluviatile  sands.     Beaver,  &c. 

In  the  second  cave,  which  is  lower  in  the  cliff,  there  is  outside, 
an  accumulation  of  debris,  beneath  which,  and  passing  into  the 
cave,  are 

1.  Sandy  and  marly  beds,  in  which  are  a  few  angular  blocks, 
such  as  may  have  fallen  from  above  whilst  the  bed  was  forming. 
Lines  of  successive  accumulation. 

2.  Bed  of  quartz  pebbles,  in  layers,  sloping  outwards. 
3.  Sands,  bedded,  like  river  sand ;  remains  of  beaver. 

The  upper  level  of  the  pebbles  in  the  second  cave*  is  wholly  below 
that  of  the  pebbles  of  the  first  cave  ;  this  circumstance  entirely  dis- 

connects the  shingle  from  any  alluvial  action  of  the  Lesse.  Even 
Avere  the  two  accumulations  at  the  same  level,  and  had  they  been 
lodged  in  these  caverns  by  a  river  flowing  down  the  valley  at  a  very 
high  level,  the  arrangement  of  the  pebbles  would  probably  have  been 
the  reverse  of  what  it  is. 

The  materials  of  beds  1  and  2  seem  to  have  been  introduced  from 

above ;  and  the  only  portion  of  the  accumulation  which  has  the  cha- 
racter of  a  fluviatile  deposit  is  the  sandy  bed  No.  3.  Numerous 

specimens  of  the  shingle  are  scattered  over  the  upper  platform  of  the 

*  Ten  metres  above  the  level  of  the  river. 
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limestone  mass  in  which  these  caves  occur,  and  show  that  the  dis- 
persion of  the  pebbles  belongs  to  some  broader  agency  than  river- 

action  ;  whilst  bed  No.  3,  with  the  remains  of  beaver,  indicates  that 
antecedently  to  these  conditions  the  valley  of  the  Lesse  was  much 
in  the  same  state  then  as  it  is  at  present,  or  a  line  of  river-drainage. 

Bed  No.  1  of  the  caves  may  be  referred  to  the  period  of  the  loss, 
and 

Bed  No.  2  to  the  Cailloua;  Ardennais,  which  here  consist  of  large 
coarse  shingle. 

There  are  no  remains  of  any  shingle  banks  at  high  levels  along 
the  northern  slopes  of  the  Ardennes,  which  have  been  produced  at 
any  Secondary,  Nummuhtic,  or  Tertiary  period.  Nor  has  the  Palaeo- 

zoic series  of  Belgium  been  the  source  of  any  shingle  met  with  in 
the  Nummulitic  series  of  that  country,  the  pebble  beds  in  which 
are  wholly  of  chalk-flints.  At  low  levels,  as  in  the  Tournay  district, 
there  are  great  accumulations  of  quartz  shingle  at  the  base  of  the 
Cretaceous  series  (Tourtia)  ;  but  this  is  the  direction  in  which  the 
Cailloux  Ardennais  are  not  met  with.  These  Ardennais  pebbles, 
which  have  been  distributed  at  a  definite  stage  of  the  Glacial  Period, 
could  not  have  been  formed  then,  inasmuch  as  the  region  whence  they 
have  been  derived  was  not  submerged,  and  the  only  other  source 
which  suggests  itself  is  that  remarkable  shingle  bank  which  under- 

lies the  Devonian  series  of  Belgium,  in  the  Condroz,  from  Pepinster 

to  Nassogne  and  Couvin,  along  the  Ardennes,  namely,  the  '*  Pou- 
dingue  de  Burnot "  of  Dumont. 

2.  Glacial  Drift. — Detrital  beds  are  in  places  interposed  between 
the  Cam  pine  sands  and  the  Crag-formation.  We  were  conducted  by 
Captain  Cocheteux  to  an  interesting  section  exhibited  in  the  outer 
ditch  of  Fort  No.  4.  The  beds  consisted  of  loose  sands,  loamy  sand, 
ending  with  somewhat  coarse  sands ;  at  the  base  were  pebbles  of 
white  and  black  flint,  and  occasionally  flint  flakes  (naturally  formed) ; 
there  were  also  small  white  quartz  pebbles ;  with  these  were  bones  of 

Cetaceans,  sharks'  teeth.  Crag  shells,  and  other  spoil  from  older 
Tertiary  formations.  All  this  material  may  be  called  local,  such  as 
might  have  been  derived  from  beds  at  no  great  distance ;  but  there 
were  also  many  large  ragged  unworn  chalk-flints ;  these  occurred 
for  the  most  part  in  the  upper  portion  of  the  accumulation. 

The  Scaldesien  beds  were  much  reduced  in  thickness  at  this  spot, 
so  that  the  Campine  sands  and  underlying  detritus  lay  partly  on 
green  Diestien  beds ;  these  last  were  also  much  eroded,  and  blocks 
of  the  more  tenacious  portions  had  been  cut  out  and  caught  up  in 
the  detritus ;  the  whole  surface  was  scored  out,  in  one  case  to  a 
considerable  depth. 

This  accumulation  in  all  its  circumstances  was  very  like  some  of 
the  lower  drift-beds  of  Suifolk ;  and  enough  was  to  be  seen  at  this 
place  to  warrant  a  reference  to  that  stage  of  the  East  Anglian 

marine  drift-beds,  which  are  represented  by  the  sandy  gravel-beds 
below  or  beyond  the  margin  of  the  Boulder-clay. 

Rocks  of  Scandinavian  origin  have  not  been  met  with  beneath  the 
Campine  sands  of  this  part,  or  indeed  of  any  part  of  Belgium,  nor 

VOL.  XXII,   PART  I.  T 
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did  any  occur  to  us.  The  transport  of  northern  detritus  southwards, 
both  over  our  own  area  and  that  of  northern  Europe,  took  place 
during  the  later  Glacial  period,  and  does  not  appear  to  have  extended 
to  this  part  of  Belgium. 

3.  Camjpine  Sand. — Sables  de  la  Campine. — In  every  section 
which  we  saw  about  Antwerp,  there  was  to  be  observed  at  the 
surface  a  very  uniform  layer,  which  has  been  referred  by  the  Bel- 

gian geologists  to  that  very  remarkable  sandy  formation  covering  so 
large  a  district  on  the  confines  of  Belgium  and  Holland,  the  Campine, 

or  Kempenland,  whence  the  *'  Sable  Campinien  "  of  Dumont. 
About  the  city  of  Antwerp  this  accumulation  seems  to  be  thickest 

where  the  ground  is  highest,  as  outside  the  Malines  Gate,  in  the 
direction  of  the  roads  to  Schelle  and  Boom  by  Port  J^o.  7.  The 

cuttings  going  on  in  this  direction,  beyond  the  "  Enceinte,"  show 
good  sections,  six  feet  and  upwards  in  thickness,  of  fine  sand;  though 
where  the  soil  is  moist,  the  beds  have  much  the  appearance,  and 
even  character,  of  some  of  the  buff-coloured  Loss  of  Brabant. 

It  is  noticed  by  Dejardin  that  the  limited  area  on  which  the  city 

of  Antwerp  stands  is  bare  of  this  formation*.  "  Cette  ville  a  du 
former  une  ile  dans  la  mer  Campinienne." 

No  fossil  remains  of  any  kind  have  ever  been  met  with  in  this  ac- 
cumulation. 

These  sandy  beds  extend  from  Antwerp  over  the  Campine,  and 
thence  into  North  Holland ;  they  form  for  the  most  part  a  barren 
tract,  which  the  Belgian  Government  has  striven  hard  to  bring  into 
cultivation,  with  only  partial  success,  owing  to  the  extreme  lightness 
of  the  sands,  which  are  easily  blown  about,  and  are  constantly 
shifting. 

The  superficial  sands  of  Hasselt,  towards  the  Bolderberg  and 
Beverloo,  belong  to  the  Campine  formation. 

The  manner  in  which  this  covering  of  sand  follows  the  rise  of  the 
country  from  north  southwards,  overlapping  all  older  formations,  and 
its  inconsiderable  thickness  compared  with  its  great  superficial  ex- 

tent, forbid  the  supposition  of  accumulation  by  water,  or  of  a  *'  Mer 
Campinienne."  On  the  other  hand,  the  aspect  and  uniform  com- 

position of  these  sands,  the  manner  in  which,  when  dry,  they  are 

lifted  about  by  the  wind,  suggest  that  they  have  originated  as  Dune- 
sand,  which  has  travelled  inland  from  the  coast-line  of  some  former 
condition  of  the  North  Sea. 

The  age  of  the  "  Campine  Sands  "  has  often  been  discussed.  They 
are  now*  very  generally  referred  by  Belgian  geologists  to  the  "  Sy- 
steme  Diluvien." 

Though  the  true  Campine  sand  has  never  been  found  to  contain 
animal  remains  of  any  kind ;  it  overlies  a  surface  with  Elephas  jpri- 
migenius.     It  is  certainly  older  than  the  Polder-mud  deposits,  and 

*  M.  Omalius,  on  the  consideration  that  at  Antwerp  the  Campine  sands  con- 
form to  the  Crag,  is  disposed  to  refer  them  to  that  formation.  The  Antwerp 

sections  show  very  clearly  that  those  sands  have  been  spread  out  since  the  gene- 
ral surface  of  the  Crag  sea-beds  has  been  extensively  denuded ;  occasional  con- 

formity is  a  mere  accident. 
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their  equivalents,  the  peat-growths.  However,  there  may  stiU  be 
a  great  range  between  these  extreme  periods. 

In  like  manner  the  Loss  overlies  the  gravel  beds  in  which  the  frag- 
mentary remains  of  the  great  Pachyderm  fauna  occur. 

Both  the  Campine  sands  and  the  Loss  are  subsequent  accumula- 
tions to  the  Ardennes  quartz  pebbles ;  but  the  occurrence  of  these 

pebbles  at  the  base  of  both  does  not  necessarily  connect  them  with 
either,  but  it  suggests  that  these  two  accumulations  must  be  nearly 

of  the  same  age ;  and  such,  it  seems,  was  M.  Dumont's  latest  view. 
The  presence  of  quartz  pebbles  in  the  detrital  beds  at  Fort  4  sup- 

plies another  link  to  the  chronology. 
To  what  extent  the  surface  of  Belgium  was  submerged  during  the 

Glacial  Period  cannot  easily  be  determined,  owing  to  the  thick 
coverings  of  subsequent  date.  Antwerp  probably  marks  very  nearly 
its  marginal  line ;  and  this  agrees  very  well  with  the  range  of  the 

true  "Boulder  Formation"  with  northern  rocks  extending  from 
Amheim  to  Groningen  and  into  Hanover.  If  the  fine  sands  (Zand 
diluvium)  which  in  North  Holland  form  the  overlying  portions  of  the 
Boulder-formation,  be  connected  with  the  Campine  sands  of  South 
Holland  and  Belgium,  they  present  a  line  parallel  vdth  that  of  the 
Boulder- coast ;  and  then,  as  all  their  characters  would  indicate,  they 
might  be  the  blown  sands  from  the  marginal  beds  of  that  period, 
and  of  that  stage  of  it  when  the  Northern  Hemisphere  began  to  re- 
emerge — a  process  which  took  place  from  south  to  north. 

4.  Loss. — During  our  visit  we  came  upon  good  illustrations  of  the 

superficial  layer  known  in  Belgium  as  the  "  Limon  de  Hisbaye." 
It  occurs  at  considerable  elevations  to  the  north  of  the  Sambre 

and  Meuse,  along  the  line  from  Liege  to  Namur  and  north  of 
Charleroi ;  but  it  does  not  rise  to  corresponding  elevations  on  the 
south  of  those  rivers,  on  which  side,  though  of  great  thickness,  it  is 
at  low  levels.  During  the  excursion  of  1852  we  saw  a  thick  ac- 

cumulation, with  JSuccinea  ohlonga  and  Pupce,  at  Audregnies ;  and 
this  year  I  saw  good  sections  of  it,  both  above  Namnr  and  about 
Gembloux.  From  Liege  westwards  the  Loss  may  generally  be  sepa- 

rated from  any  beds  it  may  overlie  by  the  presence  of  a  seam  of 
quartz  pebbles. 

The  land-shells  cited  above  are  not  commonly  met  with,  but  they 
increase  in  frequency  towards  the  line  of  the  Ardennes.  The  Loss  in 
its  arrangement,  when  in  great  masses,  shows  that  it  has  been  de- 

posited by  water.  The  "  Sable  de  Campine  "  and  the  "  Limon  de 
Hisbaye  "  form,  as  was  long  since  said  by  M.  Omalius,  the  "  man- 
teau  de  la  Belgique."  The  two  accumulations  have  never  been 
noticed  to  overlap,  they  rather  pass  into  one  another,  along  a  line 
from  west  to  east,  the  sands  being  to  the  north  and  the  fresh-water 
Loss  to  the  south.  The  opinion  of  M.  Dumont,  that  they  were 
somewhat  synchronous,  has  been  alluded  to. 

5.  Polder  Mud.— The  Polders,  or  brackish- water  mud-flats  of 
the  low  coast  of  Belgium  and  Holland  reach  up  on  either  side  of  the 
Scheldt  as  far  as  Antwerp.  This  is  the  most  recent  sedimentary 
formation  we  saw,  consisting  of  blue  mud,  as  may  be  seen  in  the 

T-2 
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banks  of.  the  Scheldt  and  on  the  slopes  of  the  broad  ditch  of  the  north 
citadel,  where  it  is  full  of  small  shells  of  the  common  Cardium  and 
Scrobicularia ;  land  and  fresh-water  shells  also  occur.  The  whole 
district  of  Zeeland,  as  the  name  implies,  is  of  this  sea  mud.  The 

*'a,rgile  d'Ostende  "  is  of  the  same  age,  with  the  same  shells.  Along 
the  whole  of  this  coast  the  Polder-mud  passes  below  the  present  sea- 
level,  as  may  be  seen  occasionally  oif  the  Ostend  coast  at  low  water, 
where  the  compact  mud  resists  the  action  of  the  sea.  The  composi- 

tion of  the  Ostend  Polders  differs  a  little  from  that  of  those  to  the 

north,  in  the  large  proportion  of  calcareous  matter,  which  has  pro- 
bably been  derived  from  the  waste  of  the  chalk.  The  Zeeklei  of 

the  l^orth  Holland  coast  is  also  Polder. 

The  Polder  formation  indicates  a  change  of  level,  or  of  relative 
elevation  of  the  land,  of  small  amount,  but  of  remarkable  imifor- 
mity,  from  Ostend  to  the  coast  of  Hanover ;  it  also  corresponds  with 
alluvial  accumulations  and  mud  flats  to  be  met  with  in  suitable 

situations  about  our  own  coasts,  whether  of  the  English,  Irish,  or 
German  Seas. 

The  Dunes,  or  great  sand  hills,  along  the  coast  south-west  of 
Ostende,  as  well  as  those  of  North  Holland,  have  all  been  accumu- 

lated on  the  Polder  mud,  and  since  the  change  of  level. 
The  Polder  mud  differs  from  the  accumulations  of  the  present 

coast-line  of  Belgium  and  Holland,  which  consist  of  fine  siliceous 
sands,  and  must  have  been  deposited  in  brackish  water  lagoons, 
into  which  the  rivers  discharged,  and  which  were  separated  from 
the  open  sea  by  sand-banks. 

6.  Terrestrial  Surface. — From  specimens  in  the  Antwerp  Museum 
it  would  appear  that  when  a  breach  is  made  in  the  Polder  mud,  a 
terrestrial  surface  with  large  trees  is  exposed.  The  like  was  met 
with  in  the  excavations  for  the  new  docks,  consisting  of  rich  peat. 
This  old  land-surface  is  to  be  seen  at  low  water,  beneath  the  Polder 
mud.  In  like  manner  it  underlies  the  Zeeklei  of  Holland;  and 
much,  probably,  of  the  surface  of  peat  or  old  fen  of  Belgium  and 
Holland  (Hooge  Yeenen),  above  the  level  of  the  Polders,  is  merely  an 
upward  and  inland  extension  of  the  same  surface  of  plant-growth. 

In  the  Antwerp  collection  are  some  Mammalian  remains,  which 
were  obtained  at  West  Capellen,  the  extreme  seaward  point  of  the 
Island  of  Walcheren,  when  the.  sea  had  made  a  breach  there.  Mr. 
Busk  recognized  the  perfect  lower  jaw,  tibia,  and  other  bones  of  a 

young  Elejohas  2^r{migenii(s,'d\so  two  teeth  ot  Bhinoceros  tichor}ii7ms. 
Belgium  for  the  most  part  belonged  to  that  particular  zone  which 

was  a  limit  to  the  area  of  the  last  great  north  circumpolar  depres- 
sion ;  and  its  superficial  geological  phenomena  belong  to  the  subaerial 

agencies  of  the  glacial  period  ;  such  are  the  "  Cailloux  Ardennais  '* 
and  the  Loss,  as  well  as  the  Sables  de  Campine. 

At  some  time  antecedently  to  that  of  greatest  submersion,  the 
line  of  Artois,  and  of  the  Ardennes  (like  our  own  Wealden),  had  been 
placed  at  a  much  greater  elevation  than  at  present,  with  respect  to 
Brabant  and  the  Hesbaye  ;  the  position  of  the  Loss  shows  this.  The 

surface  may  have  been  brought  to  its  present  levels  partly  by  de- 
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pression  of  the  line  of  the  axis  of  the  country,  partly  by  the  eleva- 
tion of  the  district  north  of  it  (Brabant  and  Hesbaye) ;  but  had  the 

valley  of  the  Mouse  existed  as  it  is  now,  at  the  time  of  the  dispersion 
of  the  Ardennes  pebbles,  or  of  the  accumulation  of  the  Loss,  it  must 
necessarily  have  been  choked  by  them ;  but  the  very  reverse  is  the 
case,  and  that  valley  (which  is  a  line  of  fracture)  may  be  safely 
pointed  out  as  the  line  of  one  of  the  changes  of  relative  level  which 
have  happeued  since  the  later  Glacial  Period. 

Should  the  supposition  be  correct  as  to  the  source  of  the  Arden- 
nais  pebbles,  the  disintegration  of  the  surface  by  which  the  pebbles 

of  the  "  Poudingue  de  Burnot"  were  set  free  along  the  slopes  of  the 
Ardennes,  must  be  referred  to  the  period  of  greatest  elevation,  of 
cold,  and  great  river-courses ;  the  larger  and  coarser  accumulations 
connected  with  the  line  of  the  Meuse  from  Liege  having  been  brought 
down  by  the  Ourte  and  the  Amble ve.  The  quartz  pebbles  of  the 
line  of  the  Meuse  having  come  from  the  upper  sources  of  the  Lesse, 
are  of  less  size,  inasmuch  as  the  streams  are  smaller. 

In  like  manner  the  Loss  was  the  deposit  of  the  turbid  waters  which, 
at  the  break  up  of  every  winter,  periodically  accumulated  over  the 
low  area  (now  part  of  Brabant  and  the  Hesbaye)  between  the  slopes 
of  the  Condroz  and  the  Dune  sands  from  the  coast. 

Viewed  in  this  light,  the  Belgian  area  seems  to  offer  some  very 
interesting  illustrations  of  the  varying  conditions  of  the  last  great 
Glacial  Period. 

7.  Sangatte  Beach. — Before  leaving  the  geological  phenomena  be- 
longing to  this  period,  I  would  briefly  call  attention  to  a  few  points 

connected  with  the  section  of  the  coast  from  Sangatte, — a  section  of 
very  great  interest,  relative  to  which  Mr.  Prestwich  has  recently 
given  a  second  paper,  and  which  we  visited  together. 

At  the  base  of  a  vertical  cliff  of  chalk  there  is  a  coarse  shingle 
beach,  and  a  little  in  advance  of  it  are  horizontal  sands,  with  a  few 
flint  pebbles ;  these  are  of  marine  origin,  and  the  section  corre- 

sponds with  that  at  the  base  of  the  subaerial  beds  at  Eottingdean 
and  Brighton. 

Above  the  marine  sand  and  shingle  is  a  black  band,  occasionally 
very  strongly  marked,  the  evidence  of  an  old  terrestrial  surface. 
The  level  of  the  old  coast-line  was  very  little  above  the  present,  but 
subsequently  there  must  have  been  a  rise,  to  what  extent  cannot 
here  be  determined ;  but  the  subsequent  accumulations  all  indicate 
subaerial  conditions. 

Above  all  are  blown  sands ;  next  below  these,  near  Sangatte,  is 
an  angular  debris  of  flints,  with  blocks  of  ferruginous  sandstone,  fol- 

lowing the  coast-line ;  layers  of  Loss  succeed,  with  occasional  flints, 
also  land  shells.  The  thickness  of  the  beds  of  sandy  Loss  and  of 
loam  (as  of  the  angular  materials)  increases  in  the  direction  of  the 
chalk  hills,  and  at  last  the  mass  passes  by  alternations  from  earthy 
Loss  to  chalky  marl,  and  seams  of  chalk  nodules;  these  become  a 
chalk  rubble ;  and  angular  blocks  of  chalk  of  considerable  size, 

have  been  accumulated  against  and  at  the  foot  of  the  old  clifl",  and' above  the  marine  beds. 
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All  these  materials  have  been  swept  off  the  northern  slopes  of  the 
chalk  hills.  The  thickness  of  the  accumulation  is  remarkable,  as 
also  is  the  distance  to  which  the  materials  have  been  carried  for- 

ward ;  and  may  serve  as  a  measure  doth  of  the  duration  and  in- 
tensity of  the  Glacial  Period. 

The  great  plain  of  flint  shingle  which  may  be  observed  about 
Calais,  and  extending  inland,  belongs  to  the  same  level  as  that  at 
the  base  of  the  old  cliff,  and  is  probably  of  the  same  age.  The  beds 
of  chalk-marl  which  underlie  the  peat  in  the  direction  of  St.  Omer 
are  also  of  the  age  of  the  Loss  of  the  Sangatte  section ;  and  the 
details  of  that  section  may  be  assumed  with  respect  to  the  base  of 
the  chalk  range  on  the  north,  so  far  at  least  as  the  shingle  extends. 

The  character  of  the  subaerial  glaciation  of  the  south  slopes  of  the 
Ardennes  and  axis  of  Artois  is  the  same  throughout ;  and  if  the 
phenomena  are  on  a  broader  scale  when  they  are  in  connexion  with 
the  higher  parts  of  the  range,  the  history  of  the  period  is  perhaps 
more  completely  indicated  in  the  Sangatte  section. 

Pebruary  7,  1866. 

Thomas  Belt,  Esq.,  Prince  of  Wales  Mine,  Dolgelly;  Thomas 
John  Bewick,  Esq.,  Haydon  Bridge;  Thomas  Eorster  Brown,  Esq., 
H.M.  Deputy  Gaveller  of  the  Forest  of  Dean,  Coleford ;  John  E. 
Campbell,  Esq.,  of  Islay,  Neddry  Lodge,  Kensington ;  William  Cory, 
Esq.,  4  Gordon  Place,  W. ;  Anastasius  Gowdas,  M.D.,  Athens; 
Wilham  Frederick  Cowell  Stepney,  Esq.,  9  Bolton  Street,  Piccadilly, 
W. ;  and  John  Young,  M.D.,  Geological  Survey  of  Great  Britain, 

Jermyn-street,  S.W.,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.   On  the  Formation  o/ Lake-basins  in  N'ew  Zealand. 
By  W.  T.  Locke-Travers,  Esq. 

[In  a  letter  to  Sir  Charles  LyeU,  Bart.,  F.E.S.,  F.G.S.] 

In  consequence  of  reading  a  notice  in  the  6th  volume  of  the  *  Intel- 
lectual Observer,'  p.  461,  of  what  I  presume  to  have  been  a  com- 

munication from  Dr.  Haast  to  the  Geological  Society,  in  reference  to 
the  formation  of  lake-basins  in  this  country,  and  of  my  inabihty  to 
subscribe  to  the  views  of  Dr.  Haast,  I  venture  to  submit  my  reasons 
for  dissenting  from  them. 

My  observations  have  been  chiefly  directed  to  the  great  mountain- 

system  named  by  me  the  "  Spencer  Mountains,"  which  occupies  the 
centre  of  the  block  of  country  constituting  the  Provinces  of  Nelson 
and  Marlborough,  in  the  Middle  Island.  The  highest  point  of  the 
range  is  Mount  Franklin,  estimated  at  10,000  feet,  whilst  around  it 
are  several  lower  peaks,  averaging  from  7000  to  8000  feet. 

A  number  of  the  largest  rivers  in  the  northern  part  of  the  island 
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Slcetch  Map  of  parts  of  the  Provinces  of  Nelson  and  Marlborough^  in 

the  neighbourhood  of  the  Spencer  Mountains, 

BLIND  BAY  ^"""^^^  q 

,./     ̂  
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have  their  sources  in  these  mountains,  flowing  from  them  to  the 
north,  south,  east,  and  west.  Amongst  the  rivers  on  the  northern 
side  of  the  range  is  the  Buller  or  Eotoiti  flowing  out  of  Lake  Arthur, 
and  the  Eoturoa  flowing  out  of  Lake  Howick.  On  the  south  side  of 
Mount  Franklin  is  the  River  Waiau  or  Dillon,  and  the  Clarence,  which 

flows  out  of  Lake  Tennyson.  It  is  chiefly  to  the  above-named  lakes 
and  the  valleys  of  the  rivers  that  I  shall  refer. 

A  line  of  road  leads  from  the  town  of  Nelson,  in  Blind  Bay,  to  a 

place  called  the  "  Old  Pass,"  nearly  due  south  of  Ben  Nevis,  and 
continues  thence  past  Lake  Arthur  and  along  the  course  of  the 
E-otoiti  and  Buller  rivers  to  the  junction  of  the  Eoturoa  with  the 
latter.  If  from  this  point  a  line  be  drawn  to  the  source  of  the 
Todmor  river  (a  feeder  of  the  Motueka)  and  continued  down  the 
eastern  bank  of  the  latter,  it  will  again  reach  the  sea. 

Stretching  along  the  northern  bank  of  the  Eotoiti  river,  and  com- 
mencing nearly  due  north  of  Lake  Arthur,  is  a  range  of  hills  marked 

as  being  2324  feet  in  height.  Now  this  range  of  hills,  and  all  the 
spurs  running  north  from  it  within  the  space  above  described,  are 
composed  of  post-Pliocene  boulder-beds,  gravels,  and  sands,  in  no 
degree  cemented,  very  little  inclined  in  stratification,  and  in  many 
places  exhibiting  perpendicular  sections  several  hundred  feet  high, 
particularly  wherever  the  foot  of  the  hills  has  been  washed  by  rivers. 
The  materials  are  all  water- worn,  and  exhibit  the  common  appear- 

ance of  river  or  beach  shingle ;  they  overhe  older  Tertiary  rocks, 
to  which  Dr.  Haast  assigned  a  Miocene  age ;  but  I  am  inclined  to 
think  he  is  in  error  in  this  respect,  looking  to  the  great  similarity 
between  most  of  the  embedded  fossil  shells,  and  the  shells  now  living 
in  the  adjacent  seas. 

These  post-Pliocene  beds  extend  northward  as  far  as  "  "Wakefield,'* 
terminating  abruptly  in  chfFs,  the  bases  of  which  have  evidently  been 
formerly  washed  by  the  Wairoa  river. 

A  little  to  the  westward  of  the  north-western  corner  of  Lake 
Arthur  is  a  small  stream  flowing  into  the  outlet,  and  some  miles 

further  south  a  river  called  the  Howard  flows  through  a  valley* 
bounded  on  both  sides  by  hills  composed  of  eoctremely  loose  material. 

Now  the  whole  valley,  nearly  a  mile  and  a  half  wide,  between  the 
the  margin  of  Lake  Arthur  and  the  above-mentioned  range  of  hills 
in  front  of  it,  is  occupied  by  a  huge  moraine,  the  extremity  of  which 
rests  upon  the  flanks  of  these  hills,  stretching  right  and  left  aloDg 
their  line  in  the  direction,  on  the  one  side,  of  the  Old  Pass,  and  on 
the  other,  of  the  course  of  the  Eotoiti.  Many  of  the  blocks  of  rock 
composing  this  moraine  measure  from  15  to  20  feet  square,  and  all 
are  composed  of  debris  from  the  ranges  on  each  side  of  the  lake, 
afibrding  sufiicient  proof  that  they  were  deposited  by  a  huge  glacier 
which  formerly  occupied  its  site. 

In  the  direction  of  the  Old  Pass  the  moraine  does  not  stretch  fur- 

*  The  hills  lying  between  this  small  stream  and  the  Howard  are  also  com- 
posed of  the  same  Post-pliocene  boulders,  gravels,  and  sands  as  those  above 

mentioned.  In  effect  the  River  Eotoiti  runs,  as  far  as  its  confluence,  with  the 
Howard. 
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ther  than  the  watershed  beyond  the  Eotoiti  and  the  "Wairau,  whilst, on  the  course  of  the  Eotoiti  river,  it  stretches  for  several  miles  down 
the  valley,  and  we  find  erratics  on  the  flanks  of  the  hills  on  both 
sides  nearly  as  far  the  Howard.  At  this  point  the  Eotoiti  enters 
the  granitic  zone  of  Mount  Murchison,  isolated  peaks  of  this  granite 

appearing  on  the  north  side  of  the  river  ''  rising  "  (in  the  words  of 
Dr.  Haast,  in  his  '  Eeport  on  the  Geology  of  the  Province  of  Nelson ') 
"  through  the  alluvium  ;  "  but  the  great  mass  of  the  hills  stretching 
along  the  north  bank  of  the  river  as  far  as  the  junction  of  the 
Eoturoa  is  still  composed  of  the  before-mentioned  Post-pliocene 
formation. 

Lake  Arthur  lies  between  a  great  spur  of  Mount  Eobert  on  the  one 
side,  and  the  foot  of  the  St.  Arnaud  Eange  on  the  other ;  its  principal 
feeder  rising  in  Mount  Travers.  Now,  this  lake  is  several  hundred 
feet  deep,  the  depth  gradually  increasing  from  its  upper  end  until 
you  approach  its  broadest  part,  when  it  again  begins  to  shoal.  In 
front  of  it  lies  the  great  moraine  before  referred  to,  rising  about  100 
or  150  feet  above  the  level  of  the  water,  the  outlet  having  made  its 

way  through  this  at  the  north-west  corner  of  the  lake,  exhibiting  a 
section  of  from  100  to  120  feet  in  height. 

Passing  on  now  to  Lake  Howick,  I  may  mention  that  on  the 
flank  of  the  granite  range  between  the  Howard  and  this  lake,  I 
found  Tertiary  strata  containing  thin  bands  of  lignite.  These  beds 
were  brought  to  light  by  a  large  side  cutting,  made  during  the  con- 

struction of  a  road,  long  after  Dr.  Haast  had  visited  the  district,  and 
were  very  likely  then  to  have  escaped  his  observation,  as  the  whole 
district  is  densely  wooded,  and  the  surface  so  encumbered  with  dead 
and  living  vegetable  matter,  as  entirely  to  conceal  the  soil,  except 
where  actually  cut  into.  Dr.  Haast,  in  the  report  before  alluded  to, 
refers  to  the  existence  of  seams  of  lignite  in  this  neighbourhood, 

stating,  however,  that  ''  he  had  not  seen  them  in  situ,  but  had  found 
large  pieces  lying  upon  the  shingly  banks  of  the  Howard." 

On  descending  into  the  valley  of  the  Eoturoa  (which  is  densely 
wooded  throughout)  I  found  it  was  filled,  in  front  of  the  lake,  with 
moraine  matter  derived  from  the  mountains  on  each  side.  I  did  not 

travel  down  the  valley  to  the  junction  of  the  outlet  with  the  Buller, 
but  I  was  informed  by  the  solitary  ferryman  at  the  lake  that  it  was 

i'  very  rough,"  and  full  of  "  big  stones,"  from  which  I  conjectured 
that  it  was  probably  filled  throughout  with  ice-borne  matter.  The 

D'Urville  and  Sabine  rivers,  the  principal  feeders  of  the  lake,  flow 
through  frightfully  rugged  valleys.  I  ascended  the  range  between 
them  to  the  height  of  nearly  8000  feet,  but  being  alone  I  did  not 
care  to  attempt  Mount  Franklin.  I  saw  enough,  however,  to  satisfy 
me,  that  enormous  glaciers  formerly  descended  the  valleys  of  the 

Sabine  and  D'Urville,  and  after  uniting  at  the  extremity  of  the 
dividing  spur,  filled  the  site  of  the  lake.  I  had  no  opportunity  of 
examining  the  range  of  hills  on  the  north  bank  of  the  Buller,  oppo- 

site the  mouth  of  the  Eoturoa,  so  that  I  am  unable  to  say  whether 
moraine  matter  occurs  on. their  flank,  in  the  same  manner  as  on  the 
flanks  of  the  hills  in  front  of  Lake  Arthur.    •  I  think  it  extremely 
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probable,  however,  looking  to  the  course  and  general  appearance  of 
the  valley  of  the  Roturoa,  that  the  glacier  stretched  as  far  as  the 
Buller,  iUling  the  present  valley  with  moraine  matter  as  it  receded, 
becoming  stationary  for  some  time  near  the  present  margin  of  the 
lake  where  the  moraine  attains  its  greatest  height. 

Lake  Howick,  in  its  deepest  part  (rather  less  than  haKway  up), 
is  upwards  of  1000  feet  deep,  and  again  shallows  as  you  approach 
the  moraine.  The  outlet  has  made  its  way  through  the  moraine, 
exhibiting  a  section  about  30  feet  in  height. 

Of  course  it  is  impossible  to  say  to  what  depth  the  moraine  matter 
in  front  of  these  two  lakes  extends ;  but  I  cannot  help  thinking  that, 
if  it  could  be  traced  downwards,  we  should  find  it  lying  on  the  same 
foundations  as  the  post- Pliocene  beds  above  referred  to, — from  which 
we  might  conclude  that,  enormous  as  the  period  must  have  been,  the 
sites  of  these  lakes  were  occupied  by  ice  when  the  period  of  depres- 

sion commenced  during  which  those  beds  were  deposited,  and  so 
continued  for  some  time  after  the  reelevation  of  the  land  above  the 

level  of  the  sea.  At  all  events  it  appears  to  me,  in  view  of  the  facts 
above  mentioned,  impossible  to  admit  that  these  basins  owe  their 
existence  to  the  scooping  power  of  ice.  I  should  gladly  have  de- 

voted a  longer  time  than  I  was  able  to  give  to  the  examination  of 
this  district  at  the  period  of  my  visit  to  it,  but  the  fact  was,  that  my 
son  and  one  of  my  men  had  several  of  their  toe  nails  washed  off,  and 
our  hands  and  bodies  were  so  stained  that  it  took  nearly  three  weeks 
to  get  them  clean  again.  The  utmost  devotion  to  science  was  scarcely 
proof  against  such  weather. 

I  will  now  mention  the  facts  observed  by  me  in  the  valleys  of  the 
Dillon  and  Clarence,  as  these  valleys  present  features  of  exceeding 
interest  in  connexion  with  former  glacial  action.  As  a  general  rule 
in  this  country,  in  valleys  which  have  never  been  occupied  by  glaciers, 
the  spurs  of  the  ranges  on  each  side  interlock ;  whilst  in  those  which 
have  been  occupied  by  glaciers  we  constantly  find  the  points  of  the 
spurs  on  one  side  or  other  of  the  valley  cut  off,  the  faces  of  the  spurs 
then  being  A-shaped,  and  rising  at  a  very  steep  angle.  I  have  ob- 

served the  latter  feature  to  obtain  in  all  the  valleys  in  which  I  have 
found  old  moraines,  and  I  think  it  may  be  a  good  guide  in  deter- 

mining the  longitudinal  extent  of  former  glacier  action. 
The  upper  part  of  the  river  Dillon  flows  through  a  valley  now 

occupied  by  me  as  a  cattle-station.  N'ow,  stretching  across  the 
valley,  from  the  mouth  of  the  "Henry"  to  the  range  on  the  eastern 
side  of  the  river,  is  a  huge  moraine,  filling  the  valley  for  nearly 
three  miles  of  its  length.  This  moraine  rises  about  100  feet  above 
the  level  of  the  valley  on  its  upper  side.  After  the  retreat  of  the 
glacier,  and  until  the  river,  aided  by  the  waters  of  the  Henry,  had 
worn  a  channel  through  this  moraine,  the  upper  valley  was  filled 
with  water,  and  the  margin  of  the  lake  so  formed,  as  seen  on  the 
moraine,  about  30  feet  above  the  level  of  the  valley,  is  as  fresh  as  if 
it  had  only  been  emptied  a  weeTc  ago.  About  14  miles  up  the  valley 
is  another  and  much  smaller  moraine,  showing  where  the  glacier  had 
rested  during  its  retreat. 
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The  glacier  which  deposited  the  lower  moraine  must  have  been  a 

stupendous  one,  for  there  are  erratics  and  "  roches  moutonnees  "  on 
the  sides  of  the  mountains,  to  the  height  of  1000  feet  and  upwards. 
The  valley  is  about  a  mile  wide  at  the  moraine,  increasing  in  breadth 

opposite  the  '*  Ada  "  and  *^  Christopher  "  rivers,  the  valleys  of  which 
were  evidently  occupied  by  branches  of  the  great  glacier.  The  length 
of  the  main  glacier  was  about  23  to  24  miles,  that  of  the  Ada  branch 
about  8,  and  that  of  the  Christopher  branch  5  or  6.  The  mountains 
on  each  side  of  these  valleys  are  extremely  steep,  and  the  main  valley 
now  rises  about  35  feet  to  the  mile. 

Looking  to  the  appearance  of  the  valley  below  the  moraine,  there 
is  no  doubt  that  the  glacier  formerly  extended  as  far  as  the  junction 
of  the  Dillon  and  Hope,  but  I  did  not  see  in  the  upper  part  of  the 
latter  river,  or  in  the  Dillon  below  the  junction,  any  traces  of  glacial 
action.  About  ten  miles  below  the  junction  the  waters  of  the  united 
rivers  debouch  upon  the  Hanmer  Plains,  and  thence  find  their 
way  through  a  rocky  gorge  into  the  Hurunui  Plains.  On  the  sides 
of  the  mountains  bounding  the  Hanmer  Plains,  south  of  the  river, 
we  find  a  succession  of  old  terraces,  the  uppermost  of  which  is  fully 
700  feet  above  the  general  level  of  the  plains.  The  lowest  terrace 
rests  upon  the  rock  through  which  the  river  now  flows,  upon  which 
it  forms  a  capping  of  considerable  thickness.  I  conceive  that  the 
material  of  these  terraces  was  deposited  during  the  same  period  of  de- 

pression which  gave  rise  to  the  Post-pliocene  boulder  beds  and  gravels 
on  the  north  side  of  the  range,  and  that  the  now  rocky  channel  of 
the  river  has  been  excavated  since  the  reelevation  of  the  land. 

Keverting  to  the  great  moraine  above  referred  to,  I  found  that 
the  main  river,  aided  by  the  Henry,  had  cut  a  way  through  the 
moraine  matter,  exhibiting  sections  from  80  to  100  feet  in  height. 

In  its  course  through  the  gorge  below  the  Hanmer  Plain,  the 
river  has  cut  a  channel  through  solid  rock  120  feet  deep  below  the 
level  of  the  lowest  shingle  terrace,  showing  the  enormous  wearing 
power  of  water  charged  with  sediment,  even  though  flowing  on  so 
apparently  slight  a  fall  as  35  feet  to  the  mile. 

There  is,  I  conceive,  every  probablity  that  the  vaUeys  of  the 
Dillon  and  Clarence  were  filled  vdth  ice  at  the  same  time  as  the 

present  sites  of  lakes  Arthur  and  Howick,  although  the  bed  of  the  lake 
formerly  existing  behind  the  moraine  dam  of  the  Dillon  has  since  been 
fiUed  up,  the  river-borne  matter  being  banked  up  against  the  sloping 
face  of  the  moraine.  What  the  original  depth  of  that  lake  may 
have  been  it  is  impossible  to  say  ;  but  there  is  no  reason  to  suppose 
that  it  may  not  have  rivalled  those  on  the  north  side  of  the  chain. 
I  attribute  the  rapid  filling  up  of  this  lake-bed  to  the  facts,  that  the 
mountains  bounding  the  valley  of  the  DiUon  are  exceedingly  steep, 
are  composed  of  easily  disintegrated  sandstone,  are  very  bare  of  ve- 

getation, and  present  in  many  places  for  thousands  of  feet  in  height 
and  for  miles  in  length,  little  else  than  avalanches  of  broken  stone  ; 
whilst  those  which  bound  the  Lakes  Arthur  and  Howick  are  densely 
wooded,  are  very  much  less  steep,  and  are  composed  of  granite  and 
other  hard  crvstalline  rocks. 
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Passing  from  the  valley  of  the  Dillon  into  that  of  the  Clarence, 
distant  about  six  miles  in  a  direct  line,  and  running  parallel  to  it 
for  some  thirty  miles,  but  fully  1000  feet  higher  in  point  of  level, 
we  find  Lake  Tennyson,  dammed  in  by  a  moraine  which  rises  about 
fourteen  or  fifteen  feet  above  the  level  of  the  water.  This  moraine 

stretches  about  a  mile  and  a  half  down  the  valley,  sloping  very 
rapidly.  I  had  no  means  of  ascertaining  the  depth  of  the  lake  ;  but 
I  do  not  believe  it  exceeds  400  to  500  feet :  at  aU  events,  there  is 
nothing  to  lead  to  the  supposition  that  its  bed  is  lower  than  the 
foundations  of  the  moraine  by  which  it  is  dammed  in. 

In  the  "case  of  these  inland  glaciers  we  have  to  assume  that  a 
considerable  body  of  the  ice  of  which  they  were  formed  lay  below  the 
upper  level  of  the  terminal  moraine ;  but  this  would  not  prevent  the 
water  arising  from  the  melting  of  the  ice  from  escaping  in  the 
same  manner  as  that  which  flows  from  a  retreating  glacier. 

My  knowledge  of  geology  is  not  sufficiently  great  to  enable  me  to 
see  any  difficulty  in  supposing  that  ice  may  have  existed  in  the 
localities  referred  to  during  the  enormous  period  required  for  the 
deposition  and  reelevation  of  the  above-mentioned  Post-pliocene  beds, 
and  this,  therefore,  I  must  leave  to  more  competent  judges  ;  but  I 
really  cannot  see  anything  to  justify  the  opinion,  that  the  lake-basins 

owe  their  existence  to  the  "scooping  power  of  ice." 
I  have  confined  my  remarks  to  the  lake-basins  found  among  the 

spurs  of  the  Spencer  Mountains,  which,  however,  afford  a  fair  ex- 
ample of  all  the  lake-basins  north  of  the  river  Waitki.  In  fact,  I 

firmly  believe  that  all  the  lakes  which  lie  in  the  valleys  of  rivers 
debouching  pn  the  Canterbury  Plains  owe  their  existence  to  moraine 
dams,  which  have  the  same  foundations  as  the  Post-pliocene  shingle 
of  which  the  plains  themselves  are  formed,  and  that,  therefore,  the 
sites  of  those  lakes  were  occupied  by  ice  at  the  commencement  of  the 

period  of  depression,  and  so  continued  for  some  time  after  the  re- 
emergence  of  the  upper  part  of  the  plains  above  the  level  of  the  sea. 

2.  On  the  Occurbence  of  dead  Littoral  Shells  in  the  bed  of  the 

Germain  Ocean",  forty  miles  from  the  coast  of  Aberdeejt.  By 
EoBERT  Dawson,  Esq. 

[Communicated  by  T.  F.  Jamieson,  Esq.,  F.Gr.S.] 

(Abridged.) 

The  bank  called  the  "  Long  Forties,"  from  35  to  40  miles  from 
land,  extends  from  opposite  Kinnaird's  Head  in  a  direction  nearly 
parallel  to  the  shore.  Inside  of  this  bank  the  depth  varies  from  90 
fathoms  at  the  northern  end  to  about  50  fathoms  opposite  Aberdeen. 
Being  becalmed  we  dredged  on  this  bank  for  a  considerable  time  in 
36  fathoms,  40  fathoms,  and  42  fathoms,  on  a  bottom  of  broken  shells 
and  shingle.  I  remarked  at  the  time  that  these  dredgings  contained 
none  of  the  Arctic  fossils  found  so  plentifully  in  every  haul  when 
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dredging  nearer  the  shore,  and  from  this  I  inferred  that  the  fossili- 
ferous  bed,  which  seems  to  stretch  along  the  coast  at  a  distance  of 
from  six  to  fifteen  miles,  does  not  extend  beyond  this  deep  water  to 

the  "  Long  Forties."  On  examination  of  the  materials  brought  up  by 
the  dredge  from  the  top  of  the  bank,  there  were  found  shells  of  the 

following  species  in  a  worn  and  semi-fossil  condition,  namely  : — 

Purpura  lapillus,  one  specimen. 
Litorina  rudis,  one  specimen. 
Solen  siliqua,  two  specimens. 
Mytilus  edulis,  one  large  broken  valve  and  several  fragments  of 

smaller  specimens. 

Before  it  occurred  to  me  that  these  fragmentary  fossils  might  be 
interesting  in  a  geological  point  of  view,  the  greater  part  of  the 
dredgings  had  been  examined.  It  is  quite  possible,  therefore,  that 
other  specimens  may  have  escaped  notice. 

Now  as  Litorina  rudis  is  generally  found  on  rocks  above  high-water 
mark,  and  never  beyond  low-water,  and  as  all  the  other  species  are 
highly  characteristic  of  the  shore,  or  very  shallow  water,  it  seems  a 
fair  conclusion  that  at  the  period  when  these  were  living,  the  relative 
levels  of  land  and  sea  were  very  different  from  what  they  now  are, 
and  that  the  bank  had  then  formed  the  shore  of  the  German  Ocean. 

If  only  one  specimen  had  been  found  it  might  have  been  accounted 
for  by  some  of  the  many  accidents  which  occasionally  bring  even  a 

foreign  shell  into  the  dredger's  bag ;  but  four  species  having  been 
found  in  the  course  of  one  day's  dredging,  it  appears  very  probable 
that  they  lived  and  died  where  they  were  found. 

On  the  Glacial  phenomena  of  Caithness. 
By  T.  F.  Jamieson,  F.G.S. 

Contents. 

1.  Introduction. 
2.  General  distribution  of  the  Drift, 

its  colour,  texture,  and  contents. 
3.  Character  of  the  Stones  imbedded 

in  the  Drift. 
4.  State  of  the  SheUs. 
6.  The  Glaciation  of  the  Eocks  and 

Boulders, 
6.  Absence  of  Moraines  and  Gravel- 

hillocks. 

7.  Eelation  of  the  Caithness  Drift  to 
that  of  the  rest  of  Scotland. 

8.  Its  place  in  the  history  of  the 
Glacial  period;  reference  to 
sections  at  Invernettie,  King- 
Edward,  and  Arran. 

9.  The  Post-glacial  period  in  Caith- . 
ness. 

10.  Appendix,  with  two  tables  con- 
taining lists  of  shells,  &c. 

1.  Introduction. — In  August  1865  I  paid  a  visit  to  Caithness,  in 
order  to  study  the  last  geological  changes  in  that  north-eastern 
corner  of  Scotland.  Mr.  Peach  has  lately  given  us  an  excellent 
account  of  the  fossil-contents  of  its  glacial  beds,  from  which  he 
enumerates  seventy-five  species  of  MoUusca,  besides  various  other 
forms  of  Inrertebrata.  The  object,  however,  of  my  visit  was  not  so 
much  to  look  after  the  fossils  as  to  szitisfy  myself  about  the  conditions 
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under  which  the  beds  containing  them  had  been  accumulated,  and 
to  compare  them  with  those  of  other  districts  with  which  I  was 
already  acquainted. 

In  the  neighbourhood  of  Glasgow,  and  along  the  east  coast  from 
Aberdeen  to  Edinburgh,  we  find  the  beds  containing  Arctic  shells 
lying  on  the  top  of  a  rough  boulder- clay  destitute  of  such  fossils ; 
and  these  marine  fossiliferous  beds  are  often  of  great  depth  and 
finely  laminated,  presenting  all  the  features  of  tranquil  and  regular 
deposition.  The  remains  of  mollusca  and  starfishes  in  them  are,  in 
many  instances,  quite  entire  and  uninjured,  as  if  they  had  been  gra- 

dually enveloped  in  the  fine  mud  in  which  the  animals  lived  and 
died,  while  the  crust  of  large  barnacles  on  some  of  the  stones  points 
to  a  like  stillness  of  the  sea-bottom.  In  Caithness  nothing  of  this 
sort  has  been  observed ;  no  distinction  has  been  made  of  a  rough 
boulder- clay  destitute  of  fossils  and  an  overlying  marine  fossiliferous 
bed;  the  shells,  according  to  all  observers — Dick,  Cleghorn,  Hugh 
Miller,  Peach,  and  others — are  described  as  being  scattered  in  a 
broken  state  all  through  a  mass  of  rough  boulder-clay,  and  no  such 
thing  as  a  bed  of  tranquilly  deposited  marine  sediment  containing 
entire  shells  has  been  reported.  This  seemed  to  me  to  indicate 
that  the  conditions  under  which  the  glacial  beds  of  Caithness  were 
accumulated  must  have  differed  in  some  way  from  those  that  pre- 

vailed in  the  other  districts,  and  I  was  therefore  desirous  of  studying 
the  locality  in  order  to  make  out,  if  I  could,  the  cause  of  the 
diiference. 

2.  General  distribution  of  the  Drift, its  colour,  texture,  and  contents, — 
Yiewed  from  a  distance,  Caithness  has  the  appearance  of  a  bare 

undulating  plain,  sloping  very  gently  to  the  north  and  north-east, 
and  terminating  in  hues  of  rocky  cHJff  which  are  battered  by  a  rest- 

less and  stormy  sea.  Along  the  southern  border  of  this  plain  there 
is  a  fine  group  of  hills,  of  which  Morven  (2331  feet),  the  Scarabins 

(2048  feet),  and  the  Pap  of  Caithness  (1229  feet)  are  the  most  con- 
spicuous ;  there  are,  also,  some  straggling  heights  of  lesser  impor- 

tance along  the  western  side  of  the  county.  These  hills  form  a  sort 
of  separation  or  boundary  between  the  low  district  of  Caithness  and 
the  more  mountainous  region  of  Sutherlandshire.  Geologically  it  is 
a  country  of  Old  Red  Sandstone.  The  hills  just  mentioned  consist 
of  quartzose  mica-schist  and  granite,  on  the  flanks  of  which  repose 
thick  masses  of  conglomerate  and  grit  forming  the  base  of  the  Old 
Red  in  this  region.  These  beds  of  conglomerate  and  grit  pass  up 
into  a  great  series  of  thin-bedded  shales,  flags,  and  sandstones,  gene- 

rally of  a  dark-grey  colour,  which  stretch  away  in  billowy  undulations 
over  the  surface  of  the  country  to  its  north-eastern  corner,  as  has 
been  well  shown  by  Sir  Eoderick  Murchison. 

It  is  in  the  low  troughs  and  winding  hollows  which  form  the 
beds  of  the  various  streams  that  we  find  any  quantity  of  glacial 
debris ;  on  the  higher  ground  the  rocks  are  either  bare  and  devoid 
of  earthy  cover,  or  hidden  by  a  growth  of  peat  and  heather.  Some 
of  these  low  tracts  run  across  the  country  from  side  to  side,  as,  for 

example,  from  "Wick  to  Thurso  by  way  of  Loch  Watten,  and  between 
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Fig.  1. — Shetch  Map  of  Caithness,  showing  the  boundary  of  the  darJc- 
grey  drift,  and  the  direction  of  the  glacial  marJcings. 
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Dunnet  Bay  and  Sinclair  Bay.  Another  low  tract  passes  up  the  bed 
of  the  Thurso  water  and  along  to  the  east  coast  by  way  of  Dunbeath. 
The  drift  is  spread  in  sheets  filling  up  these  troughs  and  levelling 
the  irregularities  of  the  rocky  strata  so  as  to  impart  a  smoother  and 
softer  outline  to  the  surface.  So  far  as  I  saw,  it  does  not  form  irre- 

gular mounds  and  hillocks,  neither  is  it  very  rough  on  the  surface 
with  erratic  blocks ;  it  seems  confined  in  a  great  measure  to  the 
lower  levels,  thinning  out  at  altitudes  of  100  or  150  feet.  The 
thickness,  therefore,  varies  much,  being  greatest  in  those  depressions 
which  descend  nearly  to  the  sea-level.  Thus  at  Scrabster  harbour, 
in  Thurso  bay,  there  are  banks  of  it  more  than  100  feet  high,  and 
in  some  of  the  troughs  of  the  south  branch  of  the  Dunbeath  water 
it  is  nearly  as  thick.  Deep  masses  occupy  the  hollow  from  Watten 
to  the  Bay  of  Wick,  and  also  stretch  along  the  Thurso  river  into  the 
very  centre  of  the  county.  There  is  also  a  good  deal  of  it  in  the 
bed  of  the  Forss  and  at  Lybster,  but  at  the  Ereswick  Burn  it  is  com- 

paratively thin.  In  all  these  places  it  is  of  very  much  the  same  hue, 
being  of  a  deep  leaden-grey  or  slate-colour,  very  dark  when  moist, 
and  considerably  paler  when  dry,  similar,  in  fact,  to  the  colour  of  the 
Caithness  flags  on  which  it  rests.  Occasionally  the  upper  portion  is 
of  a  browner,  more  ferruginous  tint,  which  may  be  owing  to  the 
influence  of  the  atmosphere,  the  percolation  of  surface-water,  or  to 
some  other  cause. 

Fig.  2. — Scrabster  Harhour. 

1.  Unstratified  pebbly  clay  with  Tery  few  broken  shells. 
2.  Old  Red  Sandstone. 

The  texture,  however,  varies  a  good  deal  in  different  places.  At 
Scrabster  harbour,  where  it  reaches  a  thickness  of  more  than  100 
feet,  no  difference  can  be  perceived  from  top  to  bottom ;  it  is  just 
the  same  at  the  base,  where  it  is  in  contact  with  the  ice-worn  sur- 

face of  the  subjacent  rock,  as  it  is  100  or  150  feet  higher  up.  It 
shows  no  stratification  nor  traces  of  gradual  deposition.  It  is  a  coarse 
gritty  mud,  exceedingly  firm  and  difficult  to  pierce,  and  thickly 
charged  with  smaU  stones,  which  are  dispersed  very  uniformly 
throughout  all  parts  of  the  deposit.  Pebbles  of  all  sizes  below  that 

of  a  man's  fist  or  foot  are  the  prevaiUng  dimensions,  but  stones  of 
from  two  to  three  feet  in  length  also  occur ;  I  saw  no  great  erratic 
blocks.  The  stones  are  more  or  less  worn  and  rubbed,  and  many  of 
them  show  the  glacial  scratches.  A  few  small  fragments  of  shells 
are  dispersed  through  all  parts  of  the  bank,  from  the  bottom  to 
within  at  least  15  feet  of  the  top,  but  are  by  no  means  common. 
Such  is  the  character  of  the  section  at  Scrabster,  and  it  is  very  much 
the  same  along  the  banks  of  the  Thurso  water  for  several  miles  up 
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its  course ;  but  for  a  mile  or  two  above  Halkirk  pieces  of  shells  are 
more  common,  and  occasionally  an  entire  valve  may  be  met  with. 
So  thickly  packed  is  this  drift  with  small  stony  rubbish  that  in  many 
places  almost  every  handful  of  mud  contains  several  fragments. 

Along  the  banks  of  the  Haster  Burn,  near  Wick,  large  stones  are 
more  common  in  the  drift,  and  there  are  even  some  considerable 
boulders ;  but  notwithstanding  the  coarse  stony  nature  of  the  deposit, 
this  is  one  of  the  best  localities  for  fossils,  fragments  of  shells  being  of 
frequent  occurrence  dispersed  in  the  unstratified  rough  stony  mud ; 
and  in  the  course  of  a  single  visit  to  this  stream,  in  company  with 
Mr.  Joseph  Anderson  of  Wick,  I  got  an  entire  valve  ofAstarte  horealisy 
and  one  or  two  specimens  of  Turritella  and  Nat  lea  nearly  perfect. 

At  the  south  branch  of  the  Dunbeath  stream,  the  sections  are 
similar  to  ihose  on  the  Thurso  river,  and  pieces  of  shells  about  equally 
common.  In  the  bed  of  the  Forss  the  drift  is  veiy  full  of  stones,  and 
shells  are  exceedingly  rare  ;  otherwise  it  resembles  that  of  the  loca- 

lities just  mentioned. 

Pig.  3. — Section  at  Wick  Bay. 

i-^-;r-;i-7r:x?    

1 .  Reddisli-brown  clay  with  boulders. 
2.  Dark  pebbly  silt  with  bi'oken  shells. 3.  Old  Red  Sandstone. 

At  Wick,  however,  it  is  somewhat  different ;  in  the  banks  beside 
the  harbour  (at  Pulteney  town)  the  drift  is  50  or  60  feet  deep. 
The  lowermost  two- thirds  of  it  are  a  sandy  mud,  or  silt,  of  a  very 
dark  grey  colour,  solid  and  firm  as  if  much  compressed  ;  and  although 
there  are  a  good  many  small  pebbles  dispersed  through  it,  yet  they 
do  not  form  a  large  proportion  of  the  mass,  and  there  is  an  absence 
of  big  stones.  Fragments  of  shells  are  in  many  places  not  uncom- 

mon, and  are  scattered  through  it  in  an  irregular  manner,  not 
occurring  in  horizontal  lines  or  seams.  There  is,  in  short,  no  dis- 

tinct stratification,  although  in  some  places  there  is  an  approach  to 
it,  owing  to  patches  of  a  more  sandy  nature  occurring ;  it  is  an 
imstratified  pebbly  silt,  the  greater  part  of  the  mass  consisting  of 
fine  sand.  The  upper  part  of  the  bank,  on  the  other  hand,  is  of  a 
browner,  more  ferruginous  colour,  much  coarser  in  quality,  with 
more  muddy  sediment  and  few  or  no  shells  ;  it  is  also  full  of  stones 
and  large  ice-worn  boulders  of  sandstone,  quartzose,  mica-schist, 
and  granite,  on  which  the  glacial  scoring  is  well  marked.  One  of 
these  granite  blocks  is  12  feet  in  length.  I  cannot  say  that 
there  is  any  clear  sharp  line  of  separation  between  this  coarse  upper 
stuff  and  the  dark  siltier  matter  beneath  ;  for  although  in  some  places 

the  distinction  is  pretty  well  marked,  in  others  they  seem  to  gra- 
duate into  each  other.  Where  the  rock  rises  in  the  cliff,  the  dark 

silty  portion  thins  out,  and  the  coarse  brown  mud  full  of  boulders 
rests  immediately  upon  the  ice-worn  surface  of  the  Caithness  flags. 

VOL.  XXII.   PART  I.  U 
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Fig.  4. — Section  at  Keiss  Harbour. 

E,  w. 

1.  Eeddish -brown  stony  clay. 
2.  Dark-grey  pebbly  silt  with  broken  shells. 
3.  Sandstone,  iceworn. 

At  Keiss  harbour,  which  hes  seven  or  eight  miles  further  to  the  north, 
the  character  of  the  section  is  very  much  the  same  as  at  Wick. 
The  total  thickness  of  the  drift  near  the  harbour  is  about  40  feet. 

The  lowermost  23  feet  consist  of  an  unstratified  mass  of  dark  sandy- 
mud,  with  a  few  broken  shells  and  some  stones  dispersed  through 
it,  which  reposes  directly  upon  the  ice-worn  surface  of  a  red  sand- 

stone rock,  without  the  intervention  of  any  other  deposit.  The 

scratches  and  grooves  point  W.  35°  to  40°  "W.,  and  some  of  the 
imbedded  stones  are  likewise  scratched.  The  upper  17  feet  of  the 
bank  consists  of  a  browner  coarse  mud  with  more  stones,  and,  so  far 
as  I  observed,  no  shells.  Although  the  lowermost  sandy  portion  of 
the  drift  at  Keiss  and  Wick  has  no  distinct  stratification,  it  is  never- 

theless more  like  an  ordinary  marine  deposit  than  what  I  saw  in  the 
other  sections  throughout  Caithness. 

3.  Character  of  the  Stones  imbedded  in  the  Drift. — The  stones 
imbedded  in  the  Caithness  Drift  consist  for  the  most  part  of  the  debris 
of  the  Caithness  flags — those  beds  which  Murchison  terms  the  middle 
division  of  the  Old  Eed  Sandstone  of  this  part  of  Scotland — and 
accordingly  the  general  hue  of  the  drift  closely  resembles  the  pre- 

vailing dark  bluish-grey  tint  of  these  strata.  There  is,  however, 
always  a  mixture  of  other  sorts  ;  fragments  of  quartzose  mica- schist, 
and  granite  occur,  so  far  as  I  observed,  very  frequently  in  the  drift 
of  all  parts  of  Caithness.  I  noticed  them  at  the  Burn  of  Freswick, 
which  is  only  a  few  miles  from  Duncansby  Head,  also  at  Keiss,  and 
all  about  the  neighbourhood  of  Wick,  and  along  the  whole  of  the 
Thurso  water.  There  are  likewise  generally  some  fragments  of 
sandstone  and  conglomerate,  and  occasionally  one  of  hornblende- 
schist  ;  this  latter,  however,  is  not  common.  Mr.  Peach  also 
mentions  the  occurrence  of  porphyry,  gneiss.  Oolite,  Lias,  and  Chalk- 
flints.  Mr.  Dick  told  me  that  fragments  of  OoHte  are  not  uncommon  ; 
I  myself  observed  many  pieces  of  it  in  the  drift  at  the  mouth  of 
Berriedale. 

I  did  not  see  many  large  erratic  blocks,  but  Mr.  Peach  tells  me 
that  some  big  ones  of  conglomerate  are  scattered  across  the  country, 
more  particularly  between  Weydale  and  Stoneguu,  near  Thurso. 
He  saw  veri/  few  on  the  Scarabin  hills.  Mr.  Dick  told  me  he  had 
not  observed  any  large  blocks  which  might  not  have  been  derived 
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Fig.  5. — Oil  the  Thurso  Water,  near  Thurso. 
Sfcream.  Farmhouse.  W. 

The  high,  banks  on  both  sides  of  the  stream  consist  of  unstrafcified  pebbly  clay 
or  gritty  mud  with  a  few  traces  of  broken  shells. 

from  rocks  in  some  part  of  the  county,  with  the  exception  of  one  of 
granite  near  Castletown,  which  he  thought  was  different  from  any 
of  the  Caithness  granites,  and  had  probably  come  from  Sutherland, 
where  a  similar  quality  of  rock  is  known  to  occur. 

4.  State  of  the  Shells. — The  shells,  as  a  rule,  occur  in  broken  frag- 
ments. The  most  common  kinds  are  the  Oyprina  Islandica,  Turri- 

tella  ungulina,  Astarte  horealis,  A.  elliptica,  Tellina  calcaria,  and  T. 
Balthica.  Although  broken  pieces  are  the  rule,  yet  exceptions 
sometimes  occur.  Thus,  during  the  search  that  I  myself  made,  I 
found  one  entire  valve  of  Astarte  horealis,  another  of  A.  elliptica, 
and  two  small  ones  of  A.  compressa,  likewise  a  specimen  of  Natica 
nitida  and  another  of  JSf.  Islandica,  both  almost  perfect.  And  in 
the  collections  of  Mr.  Joseph  Anderson  and  Mr.  Eobert  Dick  I  saw 
several  entire  single  valves  of  Astarte  and  Leda,  on  which  there  were 
occasionally  small  portions  of  the  epidermis  or  skin  remaining,  also 
entire  specimens  of  Mangelia  and  Nassa.  Mr.  Peach  has  even  got 
a  specimen  of  Anomia  with  both  valves  complete,  in  a  fine  state  of 
preservation,  and  this  was  in  the  drift  containing  the  usual  assem- 

blage of  ice-worn  stones  and  broken  shells,  the  only  instance  of  an 
entire  bivalve  that  I  have  heard  of.  The  Tur^itella,  which  is  one  of 
the  most  common  of  all  the  species,  although  always  more  or  less 
imperfect,  yet  frequently  occurs  in  large  pieces,  some  of  them  not 
far  from  being  entire.  I  nowhere  observed  any  instance  of  the  shells 
being  found  in  an  undisturbed  condition,  nor  could  I  hear  of  any 
such  having  been  found ;  there  seems  to  be  no  such  thing  as  a  bed 
of  laminated  silt  with  shells  in  situ.  Even  the  Foraminifera,  when 
seen  through  the  microscope  have  a  rubbed,  worn  appearance.  No 
clay  suitable  for  the  manufacture  of  bricks  and  tiles  or  drain -pipes 
has  been  got  in  Caithnes,  it  is  all  too  sandy  and  full  of  stones.  The 
laminated  brick-clays  are,  in  short,  entirely  absent. 

Many  of  the  shell-fragments  show  marks  of  glacial  action.  It  is 
generally  on  the  stouter  pieces  of  Cyprina  and  Astarte  that  these  are 
to  be  seen,  but  I  found  some  fragments  of  Tellina  calcaria  distinctly 
marked.  Now  this  is  rather  a  delicate  fragile  shell,  and  the  fact  of 
its  being  so  marked  and  yet  not  crushed  to  powder,  shows  how  gentle, 
in  some  cases,  the  action  must  have  been  that  imprinted  these 
markings.  Where  the  shell-fragments  are  of  an  elongated  form,  the 
scratches  run  lengthways  along  them,  just  as  they  do  on  the  pebbles. 
I  have  one  piece  of  shell,  which  T  picked  up  myself,  not  quite  an 
inch  long,  most  beautifully  marked  with  a  multitude  of  fine  parallel 
scratches  as  if  done  by  the  point  of  a  needle,  and  quite  polished  even 

u2 
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on  the  broken  edges.  The  fragments  of  Turritella  somehow  seldom 
show  these  markings. 

5.  The  Glaciation  of  the  Hocks  and  Boulders. — One  of  the  objects  I 
had  particularly  in  view  was  to  note  the  direction  of  the  glacial 
markings  on  the  rocks,  and  to  ascertain  whether  they  could  be  ac- 

counted for  by  a  movement  of  ice  proceeding  from  the  interior  of 
the  country  towards  the  coast.  I  therefore  lost  no  opportunity  of 
noting  the  bearings  of  the  scratches  wherever  I  saw  them.  The 
result  showed  a  pretty  uniform  direction  over  the  whole  district,  the 

lines  running  N.W.  and  S.E.     Thus : — 

At  Eeay    N.  45°  to  55°  W. 
Ditto  at  another  place       N.  50°  W. 
About  halfway  between  Forss  and  Eeay    N.W. 
In  the  bed  of  the  Forss  water      N.  45°  W. 
On  the  top  of  Leurery  hill  (about  five  miles  S.W.  of  Thurso)  N.  55°  to  60°  W. 
At  Scrabster  harbour    N.  30°  W. 
On  the  top  of  a  cliff  near  Skirza  Head       N.  65°  W. 
In  the  bed  of  the  Freswick  stream      N.  35°  to  40°  W. 
At  Keiss  harbour       N.  35°  to  40°  W. 
At  the  new  pier  at  Pulteney  (Wick)       N.  15°  W. 
On  the  top  of  the  cliff  near  the  old  castle  of  Wick       N.  15°  W. 

Some  cross  markings  here  pointing  W.  15°  S, 
In  the  bed  of  the  Milton  Burn  (near  Wick)      N.  43°  to  45°  W. 
In  the  bed  of  the  Haster  Burn  (near  Wick),  in  several  places 

finely  displayed    IS".  55°  W. On  a  hill-slope  between  the  streams  of  Dunbeath  and  Berrie- 
dale,  on  conglomerate,  well  marked    N.  60.  W. 

On  the  roadside,  near  Berriedale  Church       N.  60°  to  65°  W. 
Ditto,  one  mile  south  of  Berriedale  inn    N.  45°  W. 
Ditto,  two  miles  south  of  Berriedale  inn       :       N.  40°  W. 
On  Lumps  of  conglomerate  (having  an  evident  stos-seite  on 

the  N.W.)  about  two  miles  south  of  Berriedale    N.  34°  to  40°  W. 

In  the  above  the  correction  for  compass  variation  has  been  applied. 

Mr.  Peach  in  reference  to  this  subject  says,  "  AU  the  grooves  that  I 
have  met  with  on  the  rocks  below  the  clay  in  Caithness  run  N.  and 
S.  with  deviations  to  the  E.  and  W. ;  I  have  found  them  almost  all 

over  the  county."  Upon  inquiring  of  Mr.  Peach,  I  find  that  his 
bearings  are  by  compass.  Remembering,  therefore,  that  the  com- 

pass in  that  district  at  present  points  fully  25°  to  the  west  of  north, 
it  will  be  seen  that  his  account  of  the  matter  nearly  corresponds 
with  my  own. 

The  impression  left  upon  me  by  all  I  saw  was,  that  the  movement 
had  been  from  north-west  to  south-east ;  for  where  I  observed  any 
indication  of  a  Stosseite  it  was  on  the  north-west  side.  In  order  to 
obtain  further  evidence  on  this  point,  I  endeavoured  to  trace  the 
boundary  of  the  dark-grey  drift;  for  I  thought  that,  had  the  move- 

ment come  from  the  north-west,  the  dark-grey  mud  derived  from  the 
Caithness  flags  should  overlap  the  red  grit  and  conglomerate  towards 
Dunbeath  and  Berriedale,  while  the  flags  themselves  should  be  over- 

lapped at  their  north-western  boundary  towards  Reay  by  a  dilferent- 
coloured  drift.  This  I  found  to  be  the  case.  The  dark-grey  mud  fiUs 
the  bed  of  the  Forss  water,  but  does  not  extend  beyond  the  watershed 
between  that  stream  and  the  Burn  of  Isauld ;  and  at  Reay,  the  drift 
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covering  the  grey  flags  is  of  a  reddish  brown  colour.  On  the  other 
hand,  the  dark-grey  mud  stretches  south-eastward,  past  Lybster,  into 
the  bed  of  the  water  of  Dunbeath,  and  lies  in  heavy  masses  even  in  the 
south  branch  of  that  stream.  I  also  traced  it  to  the  mouth  of  Berrie- 

dale  water,  where  it  mingles  with  the  reddish-brown  drift  that  pre- 
vails from  there  to  the  Ord ;  but  further  up  the  Berriedale  Glen  to 

the  base  of  the  Scarabin  hills  the  colour  is  reddish  brown.  The  dis- 

tribution of  the  dark-grey  mud  therefore  harmonizes  with  the  suppo- 
sition that  the  transport  had  been  from  the  north-west ;  and  a  move- 
ment of  ice  from  north-west  to  south-east  across  Caithness  is  totally 

at  variance  with  the  notion  of  the  scratches  having  been  caused  by 
glacier-action  proceeding  from  the  interior  of  the  country  towards 
the  present  coast. 

I  have  already  mentioned  that  the  stones  imbedded  in  the  drift  of 
Caithness  very  often  show  the  glacial  striae.  A\Tien  examining  the 
sections  along  the  Haster  Burn,  in  company  with  Mr.  Joseph  An- 

derson, I  remarked  that  the  strise  on  the  imbedded  fragments  gene- 
rally agreed  in  direction  with  those  on  the  rock  beneath.  The 

scratches  on  the  boulders,  as  usual,  run  lengthways  along  the  stones 
when  they  are  of  an  elongated  form ;  and  the  position  of  these  stones, 
as  they  lie  imbedded  in  the  drift,  is,  as  a  rule,  such  that  their  longer 
axes  point  in  the  same  direction  as  do  the  scratches  on  the  solid  rock 
beneath,  showing  that  the  same  agency  that  scored  the  rocks  also 
ground  and  pushed  along  the  drift.  Interspersed  amongst  these 
ice-worn  stones  were  many  fragments  of  shells — themselves  also 
scratched — and  some  univalves  almost  entire. 

This  coincidence  of  direction  between  the  scratches  on  the  stones 

and  those  on  the  subjacent  rock  I  also  observed  in  the  section  along 
the  Milton  Burn ;  and  I  am  inclined  to  think  it  is  a  characteristic 

feature,  and  will  be  found  of  general  occurrence.  In  my  paper  "  On 
the  last  Geological  changes  in  Scotland,"  I  have  described  it  as  a 
feature  of  the  boulder-earth  or  glacial-mud  which  lies  beneath  the 
marine  beds  in  the  midland  region  of  Scotland.  The  appearance  of 
the  drift  along  the  Haster  Burn  and  in  many  other  places  in  Caith- 

ness is,  in  fact,  precisely  the  same  as  that  of  the  Old  Boulder-clay 
of  the  rest  of  Scotland,  except  that  it  is  charged  with  remains  of 

sea-shells  and  other  marine  organisms*.    Mr.  Anderson  told  me  that 

*  The  glacial  drift  of  Caithness  is  particularly  interesting  as  an  example  of  a 
boulder-clay  which,  in  its  mode  of  accumulation  and  ice-scratched  debris,  very 
much  resembles  that  unstratified  stony  mud  which  occurs  underneath  glaciers — 
the  '  moraine  profonde  '  as  some  have  called  it.  But  the  presence  of  marine  or- 

ganisms, and  the  direction  of  the  glacial  strise,  which  indicate  a  movement  of  ice 
from  the  north-west,  where  there  is  now  nothing  but  open  sea  for  an  immense 
distance,  together  with  the  absence  of  moraines,  are  all  suggestive  of  marine 
conditions  having  prevailed  during  the  deposition  of  the  Caithness  drift.  It 
would  therefore  seem  that  sea-borne  ice  can  in  some  places  accumulate  a  mass  of 
imstratified  stony  mud  so  like  that  which  is  found  underneath  a  glacier  as  to  be 
im distinguishable  from  it,  except  by  containing  remains  of  sea-animals.  The 
scratched  boulders  used  to  be  looked  upon  by  some  as  a  certain  test  of  glacier- 
action.  "  Ces  cailloux,"  says  Ch.  Martins,  "  sont,  pour  ainsi  dire,  le  fosdle  carac- 
ieristique  de  la  presence  d'anciens  glaciers." — Bull.  Geol.  Soc.  of  France,  2  ser. 
iv.  1191,  1847.  In  the  Caithness  drift,  however,  not  only  the  stones,  but  the 
very  sea-shells  are  glacially  scratched,  a  circumstance  which  I  have  also  observed 
in  some  of  the  glacial  marine  beds  cf  Aberdeenshire. 
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specimens  of  this  drift  from  the  Haster  Bum  had,  upon  microscopical exammation,  yielded  him  abundance  of  Foraminifem  and  other  mi- 
nute remains  of  animal  life.  Mr.  Anderson  was  the  first  to  apply the  test  of  washing  and  microscopic  examination  to  the  Caithness 

?"?  '^,^  ̂''-  ̂^^""^  ®^^^  *^^*  ̂ ^^  *^^  samples  tried  from  between John  0  Groats  and  Wick  had  yielded  them  in  this  way  more  or  fewer Fommmifera,  Entomostraca,  &c. 
6.  Absence  of  Moraines  and  Gravel-Ulhchs.—l  saw  no  abrupt 

mounds  of  gravel  and  boulders  in  Caithness,  nothing  like  the  Kaims or  Esker  ndges,  nor  anything  like  a  moraine.  Mr.  Dick  told  me  he 
had  noticed  some  gravel-hillocks  near  Dirlet,  but  nowhere  else 
Circumstances  prevented  me  from  exploring  the  neighbourhood  of Morven  and  the  adjoining  hiUs,  but  in  a  walk  along  the  Berriedale Wen,  Irom  the  base  of  the  Scarabins  to  the  sea,  I  observed  no  mo- 

raines. This  part  of  the  glen  is  deep,  narrow,  and  winding.  There 
is  a  good  deal  of  unstratified  reddish-brown  stony  earth  in  some places  along  the  foot  of  the  hills,  in  which  some  ice-scratched  stones 
occur,  and  where  the  mouth  of  the  glen  opens  upon  the  sea  there  is 
a  great  depth  of  it  on  the  south  bank.  Large  boulders  of  many 
ditterent  kinds— gramte,  sandstone,  conglomerate,  quartzose  mica- 
schist— occur  here,  also  fragments  of  shelly  limestone,  and  bits  of dark  sandstone  containing  lignite.  Most  of  this  accumulation  of 
drift  has  a  reddish-brown  colour,  but  there  is  also  a  mixture  of 
dark  bluish-grey  stuif,  in  which  after  some  search  I  got  nine  or  ten smaU  pieces  of  shell  and  a  bit  of  a  Balanus.  This  drift  is  like- 

wise to  be  seen  on  the  face  of  the  sea-cliffs  on  the  north  side  of  the stream. 

There  is  also,  so  far  as  I  observed,  very  little  valley-gravel:  in- 
deed I  am  inclined  to  think  that  the  valley-gravel,  such  as  we  find 

It  m  the  midland  region  of  Scotland,  is  not  developed  in  Caithness, 
ihat  which  occurs  m  the  ruts  of  the  various  streams  is  merely  what might  be  produced  by  the  long-continued  action  of  currents  such  as 
we  see  flowing  m  them  at  present.  The  gravel  in  these  channels 
seems  to  be  merely  the  stones  derived  from  the  banks  of  drift  along 
their  course,  the  finer  sediment  having  been  washed  away  by  the 
current.  So  far  as  I  saw,  these  beds  of  gravel  are  not  extensive,  and are  confined  to  the  bottom  of  the  channels  in  which  the  streams  run 
These  watercourses  are  trenches  which  appear  to  have  been  cut  out 01  the  drift  by  ordinary  river-action. 

7.  Relation  of  the  Caithness  Drift  to  that  of  the  rest  of  Scotland.— 
Caithness,  therefore,  differs  from  the  midland  region  of  Scotland  in regard  to  its  glacial  phenomena  : — 

1st.  In  that  the  glaciation  of  its  rocks  seems  to  have  been  pro- 
duced by  a  movement  of  ice  proceeding,  not  from  the  interior  of  the 

country,  but  apparently  from  an  external  region  to  the  north-west 
2nd.  In  its  covering  of  drift,  which  resembles  the  Old  Boulder-clay 

of  the  middle  of  Scotland  in  regard  to  its  physical  arrangement,  but 
diff-ers  therefrom  m  the  prevalence  of  marine  organisms  scattered through  it. 

3rd.  In  the  absence  of  glacial-marine  beds  deposited  with  the 
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indications  of  tranquillity  that  we  observe  in  the  regions  further  to 
the  south. 

4th.  In  the  deficiency  of  valley-gravel,  and  the  absence  of  mo- 
raines and  gravel-hillocks. 

It  is  very  desirable  to  ascertain  the  area  over  which  these  features 
prevail.  Erom  what  Mr.  Peach  says  of  Shetland,  I  am  inclined  to 
think  it  will  embrace  both  these  islands  and  the  Orkneys.  I  did 
not  examine  the  north  coast  of  Sutherlandshire,  and  cannot  say  how 
far  in  that  direction  the  same  characters  extend;  but  in  passing 
rapidly  along  the  east  coast  of  Sutherland  and  Eoss  it  seemed  to  me 
that  there  was  a  change  after  going  south  of  the  Ord  of  Caithness, 

the  shelly  drift  vanishing,  while  great  moraine-like  heaps  of  gravel 
make  their  appearance  at  the  mouths  of  the  several  valleys.  At 
Brora,  for  example,  there  is  a  remarkable  assemblage  of  hillocks 
which  come  down  close  upon  the  shore,  and  at  Dornoch  Frith  I 
noticed  similar  deposits  on  the  north  side  near  Clashmore,  and  on 
the  south  side  along  the  base  of  Struie  hill.  At  Muir  of  Ord,  between 
Beauly  and  Dingwall,  I  examined  another  fine  range  of  gravel-hil- 

locks, extending  from  the  neighbourhood  of  the  railway- station 
westward  up  the  flank  of  the  hiU  to  a  considerable  height.  But  the 
finest  of  all  is  a  most  remarkable  series  of  ridges  commencing  at  a  place 
called  Kildrummy,  about  two  miles  from  Nairn,  and  ranging  south- 
westward  by  the  Loch  of  the  Clans  and  Loch  Elemington  towards 
CuUoden  moor,  in  the  neighbourhood  of  Inverness. 

The  direction  of  the  glacial  scoring  in  Caithness,  if  produced  south- 
eastward, would  pass  the  corner  of  Aberdeenshire  near  Praserburg-h ; 

and  here  I  may  mention  that  I  have  recently  observed  traces  of  gla- 
cial action  at  a  few  places  in  the  neighbourhood  of  that  town,  and 

it  is  interesting  to  remark  that  their  direction  corresponds  with  that 
in  Caithness,  being  N.W.  and  S.E.,  and  produced  by  an  agency  which 
seems  to  have  come  from  the  north-west.     Thus  : — 

On  a  rock  surface  newly  exposed  in  a  railway-cutting  near 
Rathen     N.  65°  W. 

At  another  spot  in  the  same  cutting         N.  45°  W. 
At  Fraserburgh  quai^ry     N.  40°  to  65°  W. 
On  the  coast  at  St.  Colms,  about  five  miles  south-east  of  Fraser- 

burgh, there  are  some  rocks  which  have  a  strong  appearance 
of  glaciation  and  a  north-west  Stosseife,  while  long  fluted 
hollows  point     N.  65°  W.^ 
but  there  are  no  trustworthy  scratches. 

The  rocks  also  on  the  south  side  of  Fraserburgh  harbour  have 
an  appearance  of  glaciation  coming  from  the  north-west  or 
west-north-west,  and  beside  the  turntable  at  the  railway- 
station  there  are  some  scratches  on  the  rock  in  varying 
directions. 

Again,  it  is  worthy  of  remark  that  along  the  coast  from  Banff  to 
Peterhead,  the  prevailing  colour  of  the  glacial  clay  is  dark  bluish- 
grey,  quite  like  that  of  Caithness.  This,  however,  may  be  owing  to 

the  sediment  from  the  clay-slate  of  Banfi'shire  having  drifted  east- 
ward ;  but  it  may  also  be  partly  due  to  a  drift  of  &ne  muddy  matter 

from  Caithness.  The  dark  bluish-grey  clay  ranges  south  to  Peter- 
head, where  it  thins  out  and  is  interstratified  with  the  red  clay 
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wliich  prevails  thence  all  along  the  east  coast  as  far  south  as  Fife- 
shire.  In  the  neighbourhood  of  Peterhead,  as  for  example,  at  the 
Invemettie  brickwork  (See  Quart.  Journ.  Geol.  Soc.  vol.  xiv.  p.  518, 
1858),  there  are  many  boulders  of  red  and  grey  sandstone,  and  also 
of  a  tough  greenish-coloured  stone,  all  of  which  resemble  rocks  that 
occur  in  Caithness,  but,  so  far  as  I  know,  not  in  the  adjoining  parts 
of  Aberdeenshire.  I  have  always  been  at  a  loss  to  account  for  these 
boulders  near  Peterhead,  and  also  for  the  dark -grey  tint  of  the  clay 
between  that  town  and  Praserburgh,  seeing  that  the  rocks  of  the 
district  consist  of  mica-slate  and  granite.  But  looking  at  the  direc- 

tion of  the  glacial  markings,  T  am  somewhat  inclined  to  think  that 
both  the  boulders  and  the  dark  muddy  sediment  in  this  low  projecting 
corner  of  Aberdeenshire  may  have  drifted  from  Caithness. 

8.  Place  of  the  Caithness  Drift  in  the  history  of  the  Glacial  period. 
— I  have  now  to  consider  the  relation  in  time  of  the  glacial  pheno- 

mena I  have  been  describing  to  those  of  the  rest  of  Scotland.  In 
the  parts  of  Caithness  which  I  examined,  it  seems  to  me  that  we 
have  only  one  glacial  deposit,  and  I  am  further  of  opinion  that  we 
cannot  separate,  in  point  of  time,  the  period  of  its  accumulation  and 
present  arrangement  from  that  of  the  scratching  of  the  rocks  on 
which  it  lies  :  for  the  coincidence  in  direction  of  the  scores  on  the 
rocks  with  those  on  the  stones  imbedded  in  the  drift  shows  that  it 

was  one  great  movement — long- continued  probably — that  marked 
the  rocks  and  carried  along  the  mass  of  stony  mud  that  now  rests 
upon  them ;  in  fact  it  was  the  movement  of  the  drift  across  the 
surface  of  the  rocks  that  scratched  them.  Now  in  the  midland 

region  of  Scotland  we  have  evidence  of  three  well-marked  stages  in 
the  Glacial  period — 1st,  the  great  glaciation  of  the  surface  and 
deposition  of  the  Old  Boulder-clay  or  till ;  2nd,  the  finely  laminated 
glacial-marine  beds ;  3rd,  the  overlying  gravels  and  moraines.  To 
which  of  the  divisions  represented  by  these  three  are  we  to  refer  the 
Caithness  drift  ?  or  is  it  the  equivalent  of  any  two  of  them,  or  of  all 
the  three  ? 

The  Caithness  Drift  contains  remains  of  sea-shells  all  through  it, 
often  from  top  to  bottom,  and  these  shells  are  broken,  rubbed,  and 
scratched,  evidently  by  the  same  agency  that  marked  the  rocks  and 
boulders.  This  is  an  important  fact,  for  it  gives  us  a  date  for  the 
action.  The  scratching  and  breaking  of  the  shells  was  an  event  at 
least  as  late  as  the  time  when  the  MoUusca  lived  that  formed  the 

shells ;  and,  seeing  that  the  shells  extend  to  the  bottom  of  all  the 
sections  of  the  drift,  it  is  further  evident  that  none  of  it  was  lodged 
in  its  present  position  at  a  more  remote  date.  Indeed,  it  is  in  the 
lower  part  of  the  sections  that  the  fragments  of  shells  chiefly  occur; 
in  some  cases,  as  for  example  at  Wick  and  Keiss,  they  are  scarcely 
to  be  found  in  the  upper  portion.  If,  then,  we  could  find  the  date 
of  the  shells,  we  should  have  a  clue  to  the  age  of  the  drift  itself. 
In  the  midland  region  of  Scotland  the  Old  Boulder-clay,  and  the 
scratching  of  the  ice-worn  surface  of  rock  on  which  it  rests,  evidently 
preceded  the  time  when  the  moUusca  lived  whose  remains  we  find 
in  the  marine  beds  above  it.     At  Loch  Gilphead,  in  Argyleshire, 
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rows  of  Miia  Uddevallensis,  entire  in  their  bnrrows,  are  found  in 
the  line  marine  sediment  overlying  the  Boulder-clay,  and  many 
other  facts  of  a  like  nature  might  be  cited.  Now  if  the  Caithness 
Drift  is  the  equivalent  of  the  Old  Boulder- clay  of  the  rest  of  Scot- 

land, why  do  we  not  find  some  fine  laminated  clay  above  it,  as  we  do 
in  other  places  ? 

It  may  be  said  that  the  mollusca  of  the  Caithness  Drift  are  an 
older  group  than  those  found  in  the  marine  clays  of  the  other  parts 
of  Scotland,  and  therefore,  although  these  mollusca  lived  during  the 
Caithness  Drift,  it  does  not  necessarily  follow  that  the  latter  deposit 
is  more  recent  than  the  Old  Boulder-clay  of  the  rest  of  Scotland. 
An  inspection,  however,  of  the  list  given  in  the  Appendix  to  this 
paper  does  not  suggest  an  older  age,  but  the  contrary.  In  order  to 
place  this  in  a  clearer  light  I  have  drawn  up  Table  2,  in  which 
the  geographical  relations  of  the  Caithness  shells  may  be  compared 
with  those  of  groups  from  the  glacial  beds  of  other  parts  of  Scotland. 
Thanks  to  the  efforts  of  Mr.  Peach,  we  have  a  very  good  list  from 
Caithness;  moreover,  the  specimens  have  been  all  examined  and 
named  by  Mr.  Jeffreys,  an  eminent  authority  in  these  matters,  so 
that  the  list  may  be  used  with  all  confidence. 

I  think  it  is  a  fair  inference  that  the  more  nearly  a  group  of 
British  fossil  mollusca  resembles  the  assemblage  of  species  now  living 
upon  the  shores  of  Britain  the  more  recent  is  the  period  to  which 
that  group  belongs.  I  have  accordingly  ranged  the  groups  in  a 
series,  those  which  show  the  lowest  percentage  of  British  forms 
being  reckoned  oldest.  From  this  Table  it  will  be  seen  that  the 
Caithness  group  is  the  most  modern,  except  that  of  Fort  William, 
which  in  a  former  paper  I  had  referred  to  the  very  close  of  the 
Glacial-marine  period  (Quart.  Journ.  Geol.  Soc.  voLxxi.  p.  174, 1865), 
while  the  proportion  of  Arctic  species  is  less  at  Caithness  than  at 
any  of  the  other  localities — less  even  than  at  Fort  William.  It  is 
not  pretended  that  all  these  groups  represent  distinct  stages  in  the 
(ilacial  period ;  several  of  them  I  have  no  doubt  were  contempora- 

neous, but  I  think  we  are  entitled  to  suppose  that  the  Errol,  Elie, 
and  other  groups  at  the  beginning  of  the  list  are  older  than  the 
Caithness  and  Fort  William  ones.  Here,  then,  we  have  further 
evidence  to  show  that  the  accumulation,  or  at  least  the  final  arrange- 

ment, of  the  Caithness  Drift  was  a  comparatively  late  affair;  it 
therefore  ought  not  to  be  confounded  with  the  Old  Boulder-clay. 
It  seems  to  me  that  it  ought  to  be  referred  to  the  Glacial-marine 
period.  A  set  of  marine  beds  containing  Arctic  shells  were  probably 
deposited  over  the  low  part  of  Caithness ;  and  much  drifting  ice 
seems  to  have  passed  over  the  district  from  the  north-west,  which 
crushed  and  destroyed  these  marine  beds,  broke  the  shells,  and  mixed 
them  up  with  other  superficial  debris  into  that  mass  of  rough  pebbly 
mud  which  now  overspreads  the  surface.  These  marine  beds  were 
probably  of  different  ages,  the  older  containing  Arctic  species,  the 
later  containing  chiefiy  Boreal  and  southern  forms.  This  would 
account  for  that  mixture  of  species  which  we  observe  in  the  Caith- 

ness list. 
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At  Invernettie,  near  Peterhead  (see  Quart.  Journ.  Geol.  Soc.  vol. 
xiv.  p.  518,  1858),  the  base  of  the  section  shows  fine  stratified  clay 
and  sand  free  from  stones,  above  which  there  is  a  thick  mass  of 

rough  pebbly  clay  like  that  of  Caithness,  containing  well-scratched 
boulders  of  granite,  sandstone,  &c.,  with  some  broken  sea-shells, 
which  also  show  traces  of  glacial  scratching.  Here,  then,  we  have 
a  mass  of  unstratified  drift  closely  resembling  that  of  Caithness, 
and  from  its  position  above  the  fine  laminated  clay  apparently  later 
than  at  least  a  part  of  the  glacial-marine  beds. 

But  the  glacial  deposits  at  King-Edward,  in  Aberdeenshire,  throw 
still  more  light  upon  the  relations  of  the  Caithness  beds.  Some 
sections  recently  laid  open  there  have  enabled  me  to  understand 
their  arrangement  far  better  than  formerly.  At  this  locality  there 
are  deep  masses  of  unstratified  pebbly  mud  of  a  dark-gTcy  colour, 
very  hard  and  firm,  containing  stones  (some  of  which  are  ice-worn 
and  striated)  and  fragments  of  shells,  which  are  likewise  occasionally 
scratched.  It  is,  in  short,  so  like  the  Caithness  Drift  in  every  re- 

spect— in  colour,  texture,  and  organic  contents — that  I  can  perceive 

no  difference  between  them.  It  has  been  called  "  the  Boulder-day''^ 
by  Mr.  Eobert  Chambers,  who  visited  the  locality  in  1855  *.  Besides 
this  coarse  stony  mud  there  are  some  beds  of  fine  stratified  sand, 
which  often  contain  remains  of  shells  in  considerable  abundance, 
most  of  them  broken,  but  many  of  them  entire.  The  bivalves 
always  occur  in  detached  pieces  and  want  the  epidermis,  as  if  they 
had  been  washed  about  by  water.  This,  I  believe,  is  the  bed  that 

yielded  Hugh  Miller's  specimens,  and  from  which  I  have  obtained 
most  of  the  species  enumerated  from  King-Edward  in  my  paper  on 
the  last  geological  changes  in  Scotland.  But  there  is  another  bed 
of  fine  dark-grey  silt,  free  from  stones,  containing  Arctic  shells  en- 

tire, and  apparently  in  situ,  with  the  epidermis  on.  The  Tellina 
calcaria  occurs  here  of  large  size,  with  both  valves  connected  by  the 
ligament  and  shut,  also  Leda,  Natica,  and  others ;  they  are  very 
sparingly  dispersed  in  the  silt,  which  contains  streaks  of  black  car- 

bonaceous matter,  proceeding  probably  from  the  decay  of  seaweed. 
It  also  contains  Foraminifera.     This  bed  of  silt  I  noticed  in  1857 ; 

Eig.  6. — Section  at  King-Edward,  Aberdeenshire. 

1.  Valley-gravel. 
2.  Pebbly  clay. 
3.  Fine  sand  with  shells. 
4.  Fine  silt  with  shells  in  situ. 
5.  Rock. 

*  See  '  Proceedings  of  Royal  Society  of  Edinburgh,'  Dec.  17,  1865. 
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but,  owing  to  the  want  of  good  sections,  the  arrangement  of  these 
various  deposits  was  then  obscure.     It  is,  however,  as  follows : — 

Commencing  at  the  surface  we  have —  Thickness in  feet. 

1st.  Water- worn  gravel  and  sand,  stratified,  often  rather  coarse  and 
pebbly,  and  somewhat  ferruginous.  Contains  no  fossils,  so  far 
as  I  have  seen          10  to  25 

2nd.  Unstratified  pebbly  mud  of  a  dark-grey  tint,  hard,  and  diffi- 
cult to  pierce.  The  stones  in  it  are  of  small  size,  but  numerous, 

and  some  of  them  glacially  scratched.  In  the  upper  part  I 
could  see  no  shells ;  but  shell-fragments  occur  in  the  lower  part, 
increasing  in  numbers  towards  the  base.  Some  of  the  shell- 
fragments  show  distinct  traces  of  glacial  action          20  to  30 

3rd.  Fine  brownish  sand,  in  some  places  rich  in  shells.    This  sand 
is  interstratified  with  the  upper  part  of  the  subjacent  bed          1  to    2 

4th.  Fine  dark-grey  silt,  free  from  stones,  containing  Arctic  shells 
complete,  and  apparently  in  situ;  they  are,  however,  mostly 
decayed  and  somewhat  crushed,  so  that  it  is  difficult  to  extract 
them.  This  silt  is  very  firm,  as  if  much  compressed,  and  the 
greater  proportion  of  it  consists  of  fine  muddy  sand.  The  base 
of  this  bed  has  not  been  exposed,  but  it  has  been  excavated  by 
Mr.  James  Runciman  (who  was  so  good  as  to  lay  it  open  at  my 
request)  to  a  depth  of  10  feet.  No  difierence  in  the  quality  is 
to  be  seen  to  this  depth ;  no  stones.  The  upper  surface  of  this 
silt  is  about  150  feet  above  the  sea. 

Here,  then,  we  have  a  thick  mass  of  drift,  exactly  like  that  of 

Caithness,  clearly  overlying  a  glacial-marine  silt,  with  shells  in  situ. 
The  broken  shells  in  this  coarse  upper  drift  seem  to  have  been  derived 
from  the  beds  below.  In  one  part  of  the  bank  I  found,  at  the  bot- 

tom of  the  coarse  pebbly  mud,  beds  of  fine  silt  with  broken  shells 
and  confused  stratification ;  these  seemed  to  be  ordinary  marine 
beds  disturbed  from  their  original  position  by  the  agency  that  lodged 
the  overlying  drift.  Where  this  disturbing  action  was  so  great  as  to 
completely  break  up  and  destroy  the  fine  silty  layers  then  we  should 
have  sections  like  those  of  Caithness,  where  the  mass  is  unstratified 

from  top  to  bottom,  and  I  believe  in  many  places  of  the  King-Edward 
banks  this  will  be  found  to  be  the  case.  Large  boulders  are  rare  in 

the  King-Edward  district,  but  I  saw  one  of  Greywacke  from  3  to 
4  feet  in  length,  which  seemed  to  have  dropped  out  of  the  coarse 
pebbly  mud. 

Eig.  7. — Section  across  King-Edward  valley. 
K  Stream.  S. 

¥/;r/»>/  -^^s^   ■'^/, Line  of  sea-level. 

A.  Grreywacke  and  clay-slate, 
B.  Glacial  deposits. 

In  a  notice  of  these  King-Edward  (the  name  is  a  corruption  of 
Kinedart)  beds  in  the  14th  vol.  of  the  Quart.  Joum.  Geol.  Soc.  1858, 
p.  525,  I  remarked  that  the  shells  in  the  fine  silt  were  often  crushed 
in  a  remarkable  way,  as  if  by  sudden  pressure  from  above. 
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The  glacial  beds  of  the  south  of  Arran  (first  described  by  the  Eev. 
II.  B.  Watson,  and  more  recently  explored  by  Dr.  Bryce  and  the  Eev. 
H.  W.  Crosskey)  seem  to  have  many  points  of  resemblance  to  those 
of  King-Edward.  There  are  beds  of  fine  clay  containing  Arctic 

shells,  sometimes  in  a  broken  or  crushed  state,  but  occasionally  en-' 
tire  and  apparently  i7i  situ.  This  fossiliferous  stratum  is  covered 

by  a  great  thickness  of  what  Mr.  Watson  calls  "  Boulder-day/'  but 
which  Messrs.  Bryce  and  Crosskey  term  "  Upper  Drift  hedsJ^  If  I 
understand  Mr.  Watson  rightly,  this  upper  stuff  occasionally  contains 
broken  shells.  The  fine  fossiliferous  clay  sometimes  rests  immedia- 

tely on  the  older  rocks,  at  other  times,  according  to  Messrs.  Bryce 
and  Crosskey,  there  is  a  mass  of  clay  beneath  it  of  harder,  coarser 
texture  than  what  lies  above,  and  containing  stones  and  boulders  on 
which  glacial  action  is  more  apparent,  and  they  would  restrict  the 

term  "  boulder-clay^'  solely  to  this  lower  stufi".  Mr.  Watson  mentions 
the  occurrence  of  glacial  beds  beneath  the  fine  shelly  clay,  but,  ac- 

cording to  him,  they  vary  a  good  deal  in  character,  and  he  does  not 
draw  the  same  strict  distinction  between  them  and  the  upper  beds. 

If  want  of  stratification,  hardness  of  texture,  and  abundance  of 
well-glaciated  stones  and  boulders  are  to  be  the  tests  for  what  we 
should  call  genuine  Boulder-clay,  then  much  of  the  Caithness  Drift 
will  stand  the  ordeal,  and,  moreover,  the  shells  are  as  well  glaciated 
as  the  boulders.  The  upper  pebbly  mud  of  King-Edward  is  also 
often  very  hard  and  firm. 

If  the  Old  Boulder-clay  or  till  has  been  produced,  not  in  the  sea 
but  by  glacier-ice  moving  on  the  land,  it  ought  to  be  devoid  of 
marine  fossils.  What  we  now  want  is  a  microscopic  examination  of 
our  various  so-called  Boulder-clays.  Messrs.  Anderson  and  Peach 
have  made  a  commencement  with  those  of  Caithness,  and  find  them 
full  of  minute  organisms.  This  was  to  be  expected  from  the  presence 
of  the  sea-shells.  The  Boulder-clay,  however,  which  lies  beneath 
the  beds  of  Arctic  shells  in  the  midland  region  of  Scotland  is  remark- 

able for  the  absence  of  fossils,  but  it  yet  remains  to  be  seen  how  it 
will  stand  the  test  of  washing  and  microscopic  examination. 

9.  The  post- Glacial  period  in  Caithness. — So  far  as  I  observed,  the 
post-glacial  conditions  in  Caithness  do  not  appear  to  have  differed 
much  from  those  in  the  rest  of  Scotland.  Some  indications  of  a 

submerged  forest,  or  old  land- surface,  occur  at  Sinclair  Bay.  The 
peat  bed,  close  upon  the  shore  at  Aekergill,  contains  clusters  of  seeds 
of  land-plants  and  also  some  remains  of  trees  or  bushes.  Mr. 
Cleghorn,  of  Wick,  thinks  this  peat  bed  is  a  marine  deposit  of  matter 
carried  into  the  sea  by  the  rivers.  After  examining  it  in  company 
with  him  I  am  inclined  to  differ  from  this  opinion.  The  peat  is 
covered  by  a  mass  of  blown  sand,  Avhich  has  insinuated  itself  into 
some  of  the  crevices  and  openings  of  the  peat,  but  I  saw  nothing  to 
induce  me  to  believe  that  there  was  any  interstratification.  of  peaty 
matter  with  marine  sediment. 

Mr.  Dick  told  me  that  at  Thurso  some  peat,  containing  hazel-nuts 
and  twigs,  had  been  got  near  the  beach  on  the  west  side  of  the 
town,  but  I  could  not  learn  whether  it  was  in  situ  or  transported. 
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There  are  some  traces  of  a  recent  change  in  the  relative  level  of 
sea  and  land  along  the  coast,  but  only  to  a  very  slight  extent.  The 
elevation  of  beds  of  coast-shingle  cannot  be  depended  on  with  much 
exactitude  as  evidence  of  the  former  level  of  the  sea,  for  storm- waves 
fling  up  banks  of  pebbles  to  various  heights,  according  to  the  nature 
of  the  coast.  Even  large  boulders  and  great  heavy  blocks  are  moved 
in  this  way  far  above  the  reach  of  the  tide  in  calm  weather.  A  re- 

markable instance  of  this  may  be  seen  a  little  to  the  south  of  Wick, 
which  has  been  cited  by  some  as  an  example  of  iceberg- action.  But 
I  was  assured  by  Mr.  Joseph  Anderson  that  within  the  last  four  or 
five  years  some  of  these  blocks  have  been  tossed  about  by  the  great 
waves  which  occasionally  break  upon  the  coast  during  severe  gales, 
a  statement  which  is  confirmed  by  the  observations  of  Mr.  Peach. 

Mr.Cleghorn  also  told  me  that  he  had  seen  blocks  of  thirty  tons' weight 
turned  over  by  the  surf  15  or  20  feet  above  the  present  level  of  the 
sea.  Beds  of  estuarine  silt,  that  have  been  accumulated  in  well-shel- 

tered positions,  afford  a  better  means  of  determining  the  former  sea- 
level.  There  are,  however,  no  estuaries  in  Caithness,  and  I  therefore 
cannot  speak  with  confidence  as  to  the  amount  of  this  recent  change 
of  level,  but  from  all  I  saw  I  should  think  the  present  position  of  the 
land  is  only  a  very  few  feet  higher  than  formerly.  The  beds  of  old 
estuarine  mud  at  the  firths  of  Dornoch,  Cromarty,  and  Beauly  attain 
no  great  height  above  the  present  sea-level — not  so  much  as  in  the 
firths  of  Tay  and  Forth,  or  even  at  the  Montrose  basin. 

Later  than  this  last  rise,  as  shown  by  their  position,  are  two 

ancient  tumuli  in  Sinclair  Bay,  known  as  "  the  Birkle  Hills ;  "  they 
are  of  large  size  and  of  a  bee-hive  form.  They  seem  to  contain  some 
internal  chambers,  or  stone  structures  of  some  sort,  but  have  not  been 
properly  explored.  One  of  them  was  partially  opened  last  year  by 
Mr.  Laing.  The  bases  of  both  are  only  a  few  feet  above  the  present 
reach  of  spring  tides ;  one  of  them,  at  least,  is  not  more  than  4  or 
5  feet  above  it.  The  fact  of  these  old  remains  being  later  than  the 
raised  beach  agrees  with  my  observations  at  the  Estuary  of  the 
Ythan,  in  Aberdeenshire. 

KjolcTcen-moddings,  or  heaps  of  edible  shells  mixed  \vith  burnt 
stones  and  the  teeth  and  bones  of  various  animals,  abound  along  all 
the  sandy  bays  of  Caithness ;  I  observed  them  in  great  numbers  at 
Keay,  at  Ereswick,  and  at  Sinclair  Bay.  They  are  often  covered  by 
a  considerable  thickness  of  blown  sand.  At  Reay  I  noticed  a  great 
quantity  of  the  shells  of  Helicc  nemoralis  in  these  heaps,  as  if  it  had 
been  eaten  there  along  with  the  limpets  and  periwinkles.  Several 
teeth  which  I  picked  up  from  these  heaps  were  examined  by  Dr. 
Turner,  Demonstrator  of  Anatomy  in  the  University  of  Edinburgh, 
who  pronounced  them  to  belong  to  the  Pig,  Horse,  Ox,  Deer,  and 
Sheep. 

Appendix. 

In  regard  to  the  following  Tables  I  have  again  to  acknowledge 
the  kind  assistance  of  Mr.  Jeffreys,  who  has  done  me  the  favour  of 
revising  the  Caithness  list,  as  well  as  the  lists  from  which  the  abs- 

tract, Table  no.  2,  has  been  prepared. 
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The  list  of  Caithness  shells  combines  Mr.  Peach's  two  lists  (for 
which  see  *Brit.  Assoc.  Eeport'  for  1862,  Trans,  of  the  Sections,  p.  83, 
ihid.  for  1864,  p.  61),  and  also  some  additional  species  enumerated 
in  a  paper  lately  communicated  by  him  to  the  Physical  Society  of 
Edinburgh. 

For  the  Port  "William  list  see  Jeffreys  in  the  ̂   Brit.  Assoc.  Eeport  * for  1862,  Trans,  of  the  Sections,  p.  73.  Por  that  from  Ehe  see  the 

Rev.  Thomas  Brown  in  the  ̂ Proceedings  of  the  Boyal  Society  of 
Edinburgh'  for  March  2nd,  1863.  The  others  will  be  found  in  the 
Appendix  to  my  paper  in  the  '  Quart.  Journ.  Geol.  Soc'  vol.  xxi. 
p.  161,  1865. 

In  the  two  following  Tables 

Southern  means  species  living  on  the  west  coast  of  Europe,  to  the  south  of 

lat.  50°. 
British  means  species  Uving  on  the  coasts  of  Britain. 

Northern  means  species  living  on  the  west  coast  of  Europe,  south  of  lat.  60° 
and  the  Arctic  circle. 

Arctic  means  species  living  within  the  Arctic  circle. 
N.  E.  American  means  species  living  on  the  east  coast  of  North  America. 

Table  I. — List  of  Mollusca  whose  Shells  are  found  in  the  Glacial 
Drift  of  Caithness. 

No. 

Anomia  ephippium,  var.  squamula   

Aporrhais  pes-pelecani     
Astarte  borealis=A.  arctica,  of  Forbes  ̂   Hanley    . . 
  compressa     
-^   sulcata       

  sulcata,  var.  elliptica   
Buccinum  undatum   
Cardium  echinatum   
  edule    

  exiguum  =  C.  pygmseum,  F.  ̂   H.     
  fasciatum      
  Groenlandicum   

  Norvegicum      
Cerithiopsis  costulata=Turritella?  costulata,  Mbller. 
Chiton  cinereus   
Crenella  decussata   

Cyprina  Islandica   
Cyrtodaria  (Glycimeris)  siliqua      
Dentalium  abyssorum      
  en  talis   

Donax  vittatus  =  D.  anatinus,  F.  8f  H.   
Fusus  antiquus   
Lacuna  divaricata=L.  vincta,  F.  8f  H.   
Leda  minuta=L,  caudata,  F.  8f  H.      
  pernula,  var.  buccata       
  pygmgea   
Littorina  litorea   
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No. 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

58 
59 
60 
61 
62 
63 
64 
65 
66 67 

68 
69 

70 
71 
72 
73 
74 
75 

Littorina  obtusata=L.  littoralis,  F.  Sf  H.     
Lucina  borealis      

  spinifera   
Mactra  solida   

Mangelia  laevigata =M.  nebula,  F.  ̂   H.   
  Leufroyi   

  pyramidalis      .'     Trevelliana   
  turricula   
Mya  triincata   
  ,  var.  Uddevallensis   
Mytilus  edulis   
  modiolus  =  Modiola  modiolus,  F.  8f  H.     
Nassa  incrassata   
Natica  affinis  =  N.  clausa,  Brod.  ̂   Sow   
  Islandica=N.  heKcoides,  F.  ̂   H.     
  nitida   
  pallida  =N.  Groenlandica=N,  pusilla,  F.  Sf  H. 
   sordida      
Nucula  nucleus      

  sulcata  =  N.  decussata,  F.  8f  H.      
Odostomia  aeicula=Eulimella  acicula,  F.  8f  H.. . . . 
  albella  (see  F.  8f  H.  vol.  iii.  p.  286)      
Ostrea  edulis      
Patella  vulgata      
Pecten  Islandicus      
  maximus   
  opercularis   
Purpura  lapillus   
Rhyncbonella  psittacea   
Rissoa  parva,  var.  interrupta       
Saxieava  Norvegica=Panop8ea  norvegica,  F.8fH... 
  rugosa.     Large  form   
Solecurtus  candidus   

Tellina  calcaria=T.  proxima,  F.  8f  H.       
  Balthica  =  T.  solidula,  F  ̂   H.   
Tornatella  fasciata   

Trochus  Grroenlandicus  =  T.  undulatus,  F.  8f  H..    . . 
  Vahli   

  zizyphinus   
Trophon  clathratus=Fusus  scalariformis,  Gould  .. 
  ,  var.  Grunneri      
  truncatus=T.  clathratus,  F.  Hf  H.   
Turritella  ungulina=T.  communisj  F.  8f  H.   
Venus  casina      ■   
  galHna  =  Y.  strictula,  F.  8f  H.   
  lincta= Artemis  lincta,  F.  8f  H.   
  ovata     

per  cent. 

60 
66  63 

88  84 
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Of  the  above  shells  the  Turritella  and  Cyprina  are  probably  the 
most  common.  Astarte,  Natica,  Tellina,  Saxicava,  and  Mya  are  also 
pretty  frequent,  and  so  likewise  are  Dentalium  entalis,  Ledapernula, 
Gardium  echinatum,  and  Mangelia  turricula.  The  scale  of  frequency, 
however,  differs  in  different  localities.  Some  of  the  species  have 
been  determined  from  single  fragments,  as,  for  example,  Venus  ovata 
and  Trochus  zizyphinus. 

Patella  vulgata  is  a  shell  I  have  never  myself  found  in  any  of  our 

Scotch  glacial  beds,  but  Mr.'  Peach  informs  me  he  got  one  pretty 
perfect  specimen,  besides  two  or  three  fragments.  Mr.  Dick  also 
told  me  he  had  found  it.  In  regard  to  some  of  the  other  species 

Mr.  Peach  has  supplied  me  with  the  following  information : — "  JPecten 
maccimus  and  opercularis,  in  fragments,  occur  frequently.  Cardium 

Norvegicum,  two  or  three  hinge-pieces.  Fusus  antiquus,  two  pillar- 
lips.  Ostrea  edulis,  one  pretty  large  shell  and  several  fragments  " ; 
and  he  says  there  can  be  no  doubt  whatever  that  these  occur  in  the 
very  same  deposits  as  the  more  Arctic  forms. 

Table  II. — Showing  the  Geographical  relations  of  groups  of  Mollusca 
whose  Shells  occur  in  some  of  the  Scottish  Glacial  beds. 

Errol. Elie. \     King-     ) 'I  Edward.  ) 
Paisley. 

Kilehattan. (      Fort 

i  William. Total  number^ 
of  species  at  I 13 14 

27 

26 16 25 

75 

47 

each  locality  J 

Southern,  per  1 
cent. 

British,       „  .. 

8 14 44 
38 50 

52 61 55 38 43 59 
61 

69 

72 

80 
85 

Northern,   „  . . 62 

57 
93 100 100 

96 88 96 
Arctic,         „  . . 100 100 

100 100 100 100 

84 
89 

N.E.  Ame-      \ 
rican,      „  J 

100 100 
89 

85 

87 

88 
55 

70 Some  interesting  information  may  be  gathered  from  the  foregoing- 
Table. 

The  Errol  and  Elie  groups,  it  will  be  seen,  are  intensely  Arctic ; 
the  shells  are  just  such  as  we  might  find  in  the  sea  of  Spitzbergen  at 
the  present  day,  many  of  the  species  not  ranging  south  of  the  Arctic 
circle.  In  them  the  proportion  of  British  species  is  less  than  50  per 
cent.,  while  that  of  the  Southern  has  dwindled  down  to  a  very  small 
fraction.  These  two  groups  I  take  to  represent  an  early  stage  of  the 
glacial-marine  beds  when  the  rigour  of  the  climate  was  at  its  height. 

The  groups  from  King-Edward,  Paisley,  Kilehattan,  and  Gamrie 
probably  belong  to  a  somewhat  later  stage,  for  although  the  general 
character  is  still  Arctic,  yet  it  is  less  strictly  so  than  in  the  two  pre- 

ceding. The  proportion  of  Southern  forms  is  far  greater,  and  the 
British  exceed  50  per  cent. 

The  Eort  William  group  is  probably  the  latest  of  all;  it  is  no 
longer  Arctic  but  Northern,  and  the  British  species  exceed  80  per 
cent. 
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The  Caithness  group  seems  to  be  a  mixture  of  species  from  glacial 
beds  of  both  earlier  and  later  date. 

The  high  percentage  of  North  American  forms  in  all  the  groups, 
biit  more  especially  in  the  first  six,  is  a  feature  of  much  interest. 

February  21,  1866. 

William  Henry  Corfield,  Esq.,  B.A.,  Fellow  of  Pembroke  CoUege, 
Oxford,  University  CoUege  Hospital,  Gower  Street,  W.C. ;  Henry 
Lee,  Esq.,  The  Waldrons,  Croydon;  Henry  Skiffington  Poole,  Esq., 
B.A.,  Cape  Breton,  Nova  Scotia;  Alexander  Ramsay,  jun.,  Esq., 
45  Norland  Square,  Notting  Hill,  W. ;  Charles  Pearce  Serscold, 
Esq.,  Taplow  HiU,  and  24  Oxford  Square ;  George  Suche,  Esq.,  77 
Grosvenor  Street,  W. ;  and  James  Maurice  Wilson,  Esq.,  M.A., 

EeUow  of  St.  John's  College,  Cambridge,  Eugby  School,  were  elected Fellows. 

The  following  communications  were  read : — 

1.  On  the  Tertiary  Mollusca  o/ Jamaica. 
By  E.  J.  Lechmere  Guppt,  Esq.,  Civil  Service,  Trinidad. 

(Communicated  by  Henry  Woodward,  Esq.,  F.Gr.S.,  F.Z.S.) 

[Plates  XYI.-XVIII.] 

§  1.  The  Eelationships  oe  the  Miocene  oe  Jamaica. 

In  1862  Mr.  Lucas  Barrett,  Director  of  the  Geological  Survey  of  the 
West  Indies,  brought  over  from  Jamaica  and  deposited  in  the  British 
Museum  a  collection  of  Miocene  fossils.  In  1863  Mr.  Carrick  Moore 

communicated  to  the  Geological  Society  the  results  of  his  examina- 
tion of  the  shells.  Dr.  Duncan  described  the  corals,  and  Prof.  Eupert 

Jones  gave  an  account  of  the  Foraminifera  *.  In  1864  Dr.  Duncan 
and  Mr.  Wall  gave  a  sketch  of  the  geology  of  a  part  of  Jamaica, 
showing  the  relations  of  the  Cretaceous  and  Tertiary  formations  ex- 

posed in  that  island  f.  In  the  same  communication  Dr.  Duncan 
described  several  new  and  interesting  corals  from  the  Cretaceous, 
Eocene,  and  Miocene  strata  ;  but  beyond  the  general  results  given  in 

Mr.  Carrick  Moore's  paper  above  referred  to,  the  shells  have  remained 
untouched.  It  was,  I  believe,  the  intention  of  Mr.  Barrett  to  have 
worked  out  this  portion  of  the  subject,  and,  indeed,  he  had  already  had 
one  plate  engraved,  which  has  since  been  destroyed  for  want  of  in- 

structions ;  but  as  his  untimely  and  lamented  death  has  intervened 
to  prevent  our  receiving  the  benefit  of  his  illustration  of  the  fossils 
alluded  to,  I  have  undertaken  to  furnish  an  account  of  these  remains  J. 

*  Quart.  Journ.  Geol.  See,  vol  xix.  p.  510. 
t  Ibid.,  vol.  xxi.  p.  1. 
\  The  following  extract  from  a  letter  of  Mr.  Barrett  was  published  by  Dr. 

Woodward  in  an  obituary  notice  of  that  naturalist :  "  The  Tertiary  system  of 
VOL.  XXII.   PART  I.  X 
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In  the  paper  by  Dr.  Duncan  and  Mr.  Wall,  before  cited,  the  rela- 
tions of  the  various  strata  are  so  well  and  succinctly  described,  that 

it  is  unnecessary  for  me  to  do  more  in  this  place  than  to  allude  to 
the  fact  that  the  formation  whence  the  mollusca  to  be  described  were 

derived  consists  of  shales,  sands,  and  marls  exposed  in  several  parts 
of  Jamaica,  and  that  it  has  suffered  great  disturbance,  in  common 
with  the  Tertiary  strata  of  other  parts  of  the  West  Indies,  and  is 
frequently  found  in  a  position  approaching  to  the  vertical.  The 
identity  of  many  of  the  species  found  in  these  rocks  with  forms  from 
San  Domingo,  Cuba,  Cumana,  Antigua,  Anguilla,  and  Trinidad,  shows, 
the  very  extended  development  of  Miocene  formations  in  the  Caribean 
area.  The  period  appears  to  have  been  one  of  exuberant  develop- 

ment of  marine  life,  and  the  conditions  seem  on  the  whole  to  have 
been  favourable  to  the  preservation  of  the  shells  and  other. remains. 

The  general  remarks  made  by  Mr.  Carrick  Moore  in  his  papers  on 

the  San  Domingan  Tertiary  fossils  *  are  as  a  rule  applicable  to  those 
of  Jamaica ;  and  many  of  those  observations  have  been  confirmed  by 

Dr.  Duncan's  investigations  of  the  corals,  and  those  of  Prof.  Eupert 
Jones  of  the  E,hizopoda.  Among  the  new  facts  brought  to  light  is 
the  very  remarkable  resemblance  of  a  portion  of  the  West  Indian 
Miocene  fauna  to  that  of  the  Maltese  beds. 

The  great  difference  between  the  Miocene  faunas  of  the  American 
and  Caribean  areas  is  particularly  remarkable  when  we  take  into 
consideration  the  alHances  of  the  latter  with  the  European  Mid-ter- 
tiaries,  and  the  more  we  investigate  the  subject,  the  more  we  find  to 
confirm  the  conclusions  already  arrived  at  on  this  head.  Still,  there 
is  a  certain  amount  of  resemblance,  and,  upon  examination,  I  find 
that  the  Petaloconchus  Domingensis  of  Sowerby,  appears  identical  with 
P.  scul^turatus  of  Lea,  from  the  Miocene  of  Virginia. 

From  my  examination  of  the  Jamaican  fossils,  I  am  of  opinion 
that,  with  the  Middle  Tertiary  beds  of  San  Domingo  and  Cuba,  those 
of  Cumana,  and  the  Caroni  series  in  Trinidad,  the  Miocene  of  Jamaica 
is  to  be  considered  as  representing  the  upper  or  later  part  of  the 
West  Indian  Miocene  as  at  present  known ;  while  the  Chert-forma- 

tion in  Antigua,  the  Anguilla  beds,  and  the  beds  exposed  at  San 
Fernando  in  Trinidad,  belong  to  the  lower  and  older  part  of  the 
Miocene. 

In  Jamaica  the  Miocene  strata  consist  of  highly  inclined  marls 
and  shales,  which  are  especially  characterized  by  Conus,  Stromhi, 
and  large  Pleurotomce,  with  small  Nummulinm  and  Orhitoides,  as  well 
as  corals.  At  Cumana  we  have  a  fauna  almost  identical  with  that 
of  Jamaica,  including  similar  foraminifera  and  corals ;  among  the 
latter  is  Flabellum  exaratum,  Dune.     The  beds  consist  in  part  of 

Jamaica  is  very  interesting,  though  I  have  not  been  able  to  separate  it  into  Sir 

Charles  Lyell's  divisions.  I  must  first  study  the  recent  shells  of  Jamaica.  The 
newer  Tertiary  strata  contain  a  Terehratula  (with  a  short  loop)  a  Terebratulina 
(like  caput-serpentis)  and  an  Argiope.  There  is  a  marl-bed,  probably  formed  in 

the  deep  sea,  containing  abundance  of  Pteropods  {Cleodora,  Creseis,  Cuvieria).''^ 
— '  Critic,'  February  1,  1863. 

^'^  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  39,  and  vol.  ix.  p.  129. 
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sands,  with  a  calcareous  conglomerate,  which  latter  yields  the  coral 
alluded  to.  The  Caroni  series  in  Trinidad  consists  of  shales,  clays 
and  sands,  and  some  marls,  which  are  characterized  by  large  Ostrece 
(0.  Haitensis,  Sow.).  In  Cuba  the  formation  consists  apparently  of 
strata  resembling  those  of  Anguilla,  in  which  the  shells  are  found 

chiefly  as  casts,  most  of  which  have  been  referred  by  d'Orbigny  to 
existing  species,  but  which  in  all  probabihty  will  be  found  to  be  iden- 

tical for  the  most  part  with  the  extinct  species  found  in  Jamaica  and 
San  Domingo.  Tellina  hiplicata,  Conrad,  related  to  T.  ephippium  of 
the  Indian  seas,  and  to  T.  Sohralensis,  Sharp,  of  the  Portuguese  Ter- 

tiaries,  and  Natica  pJiasianelloides,  d'Orb.,  the  Tellina  occurring  in 
the  Caroni  series  in  Trinidad,  and  also  in  San  Domingo,  and  the  Mt- 
tica  in  Jamaica,  San  Domingo,  Anguilla,  and  at  San  Fernando  in 

Trinidad,  are  recorded  by  d'Orbigny  from  the  Cuba  beds.  The  Chert- 
formation  of  Antigua  has  been  fully  remarked  upon  by  Dr.  Duncan*, 
who  correlates  it  with  the  Lower  Limestone  of  Malta.  The  Miocene 

of  Anguilla  is  a  light- coloured  marly  limestone  containing  nume- 
rous moUusca,  chiefly  as  casts.  Among  the  better-preserved  shells 

are  Solarium  quadriseriatum,  Sow.,  ".nd  Natica  pJiasianelloides,  d'Orb. 
The  Echinoderms  in  this  deposit  are  in  better  condition,  and  exhibit 
a  strong  resemblance  to  those  found  in  the  Miocene  beds  of  Malta. 
Among  the  species  which  are  specifically  identical,  we  have  Sehizaster 
Scillce,  and  Cidaris  Melitensis,  occurring  in  association  with  an  ex- 

tinct species  of  Echinolampas,  only  to  be  distinguished  critically  from 
E.  Jiemisplioiricus,  and  another  almost  as  near  to  E.  scutiformis.  Cly- 
peaster  ellipticus,  Michelin,  and  three  living  species  of  Echinoderms 
also  occur  in  these  beds.  At  San  Eernando,  in  Trinidad,  we  have  a 

numerous  succession  of  gypseous  marls,  shales,  and  some  partial  lime- 
stones, enclosing  Natica  phasianelloides,  Orhitoides  Mantelli,  Num- 

midina,  and  Echinolampas  ovum-serpentis,  as  well  as  some  Terehra- 
tulce. 

It  must  be  understood  that  while  there  remains  but  little  doubt 

as  to  the  very  close  proximity  in  age  of  the  Miocene  formations  of 
Cumana,  Jamaica,  and  San  Domingo,  our  information  is  not  quite  so 
exact  with  respect  to  those  of  Cuba,  Anguilla,  and  Trinidad,  owing 
to  the  bad  state  of  preservation  of  the  fossils  at  the  latter  localities. 
And  in  endeavouring  to  correlate  these  beds,  I  have  used  the  terms 
Upper  and  Lower  Miocene,  not  as  implying  that  these  formations  are 
respectively  equivalent  to  the  Upper  and  Lower  Miocene  of  Europe, 
but  merely  as  marking  what  seems  to  be  the  relative  antiquity  of  the 
Middle  Tertiary  beds  of  the  Caribean  area. 

The  connexion  between  the  formations  found  in  all  the  localities 

mentioned  could  only  be  shown  by  a  general  table,  including  all  the 
known  species  from  those  localities.  On  the  present  occasion  my  re- 

marks must  necessarily  be  confined  to  the  Jamaican  fossils. 
As  yet  I  only  know  of  one  species  common  to  Jamaica  and  Cuba 

(Natica  pJiasianelloides)  and  only  two  common  to  Jamaica,  Anguilla, 
and  the  Caroni  beds  in  Trinidad.     Mr.  G.  P.  Wall,  E.G.S.,  has  kindly 
favoured  me  with  a  small  collection  of  Tertiary  fossils  from  Cumana, 

^>'  Geol.  Mag.  1864,  vol.  i.  p.  97. 
x2 
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and  among  these  I  find  fourteen  species  common  to  Jamaica.  There 
are  thirty-four  species  common  to  Jamaica  and  San  Domingo  ;  and 
if  the  Haitian  species  not  found  in  Jamaica  were  now  under  consi- 

deration, the  intimate  relationship  of  all  the  Caribean  Miocene  beds 
would  be  clearly  shown. 

Thirteen  species  have  been  identified  with  living  forms  out  of  the 
total  of  sixty-one  species  which  are  described  in  this  communication. 
This  would  give  a  proportion  of  about  twenty-one  per  cent.,  a  some- 

what larger  proportion  than  was  arrived  at  by  Mr.  Carrick  Moore 
for  the  San  Domingo  fossils.  Yet  I  cannot  lay  much  stress  upon 
the  exact  ratio  of  recent  species  in  considering  the  relative  age  of  the 
Jamaica  and  San  Domingo  beds ;  for  we  have  seen  that  thirty-four 
species  are  common  to  both  locaHties,  and  out  of  these,  seven  are 
existing  species,  many  of  which  are  widely  distributed  and  have  been 
found  in  the  Miocene  of  other  locahties.  Such  are  Lucina  Pennsyl- 
vanica  and  Venus  paphia,  which  both  occur  in  the  Miocene  of  Europe. 
Moreover  some  of  the  species  identified  with  living  forms  do  not  now 
inhabit  the  West  Indies.  Among  these  are  Pectunculus  pennaceus 
and  Natica  mammillaris.  There  are  several  shells  in  the  Jamaica  col- 

lection which  are  too  imperfect  for  specific  determination,  the  generic 

names  of  which  are  given  in  Mr.  Carrick  Moore's  paper  on  these 
fossils.  Among  them  is  a  small  Ancillaria,  a  genus  which  is  now 
extinct,  or  nearly  so,  in  the  West  Indies. 

The  most  characteristic  fossils  of  the  West  Indian  Miocene  appear 
to  be  Natica  pJiasianelloides,  Solarium  quadriseriatum,  and  Orbi- 
toides  Mantelli,  these  species  having  been  found  in  nearly  all  the 
Miocene  localities,  exclusive  of  Cumana;  and  they  will  doubtless  be 
ultimately  found  there  also. 

The  eastern  affinities  of  the  West  Indian  Miocene  fauna  is  evi- 
denced in  the  most  unequivocal  manner  by  a  portion  of  the  collection 

now  described.  Cytherea  planivieta  is  very  closely  allied  to  C.  ery- 
cina ;  Cardium  lingua-leonis  is  nearer  to  C.  ̂'^t6^c^*)^(i^tm  of  Madagascar 
than  it  is  to  (7.  elongatum  of  the  West  Indies  ;  and  so  on  with  several 
of  the  species.  But  it  must  not  be  overlooked  that  while  there  is 
undoubtedly  a  closer  resemblance  of  a  part  of  the  mollusca  to  living 
eastern  forms,  than  to  living  West  Indian  forms,  another  part  of  the 
fauna  presents  nearer  affinities  to  that  now  inhabiting  the  contiguous 
waters.  Again,  a  certain  number  of  the  species  {e.  g.,  those  of  the 
genera  Cassis,  Cassidaria,  Conus  and  Natica)  seem  to  have  their 
nearest  congeners  in  the  European  early  and  middle  Tertiaries. 

I  shall  mention  another  point  which  has  some  bearing  on  the  affini- 
ties of  faunas  distant  in  time  and  in  space.  Mr.  Jenkins  has  shown  me 

a  small  collection  of  fossils  from  Travancore,  in  the  Society's  Museum. 
These  fossils  seemed  to  me  to  be  probably  of  older  Pliocene  or  Upper 
Miocene  date ;  but  without  prejudice  to  the  conclusions  which  may 
be  arrived  at  after  a  closer  examination  of  the  fossils  in  question,  I 

may  state  that  several  of  them  appeared  to  me  to  have  near  resem- 
blances to  species  now  existing  in  the  West  Indies.  From  this  it 

would  appear  that  while  the  fauna  of  the  West  Indies  in  Miocene 
times  appears  to  have  been  more  closely  related  to  the  existing 
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eastern  fauna  than  it  is  at  present,  there  was  a  fauna  in  the  eastern 
area  during  some  part  of  the  Tertiary  Period  with  a  stronger  resem- 

blance to  that  of  the  present  Caribean  seas  than  now  exists.  Thus 

these  various  geologico-geographical  groups  bear  a  somewhat  similar 
sort  of  affinity  to  one  another,  that  we  find  displayed  between  certain 
recent  and  fossil  species  of  animals. 

"When  taken  as  a  whole,  the  resemblace  of  the  Caribean  Miocene 
fauna  to  that  of  Bordeaux,  Dax,  and  Malta  is  striking,  and  it  is 

closer  than  its  likeness  to  the  American  Miocene  *.  The  present 
molluscan  fauna  of  the  West  Indies  is  not  altogether  devoid  of  affi- 

nities to  that  of  the  Mediterranean,  and  even  to  that  of  the  Red  Sea. 
Several  of  the  species  are,  if  not  identical,  at  least  so  near,  that  they 
are  known  by  the  same  names.  Hence  arises  some  of  the  confusion 
with  respect  to  localities  that  we  occasionally  find  in  conchological 
books  ;  the  same  species  being  attributed  in  one  to  the  Mediterranean 
or  to  the  Red  Sea,  in  another  to  the  West  Indies. 

The  series  of  moUusca  now  described,  with  those  previously  de- 
scribed by  Mr.  Sowerby,  and  the  corals  published  by  Dr.  Duncan, 

will  furnish  a  basis  for  future  investigations  into  the  geology  of  the 
Tertiary  formations  of  the  West  Indies  and  Tropical  America,  and  we 
may  expect  conclusions  of  no  small  interest  therefrom, 

§  2.  List  op  Species. 

Species. 

Distribution. 

1 
o  a 

^1 

Fossil,    Otlier  localities. 

r^n<!«T«i  "snlmfpfn    Sioiu 

■Sf 

Cuba ;  Anguilla. 
Trinidad? 

N.  America. 

Plnaeirlnvin   <STiVll JPvi era ta,     (rWn'n^l 
■55- 

■5f 

^'• 

M!urex  Dominsensis,  Sow,   

■5f 
■Sf 

■55- Olwn  vptimilaris!    TiffYn. ■55- 

Fasciolaria  seniistriat£i  Sow. 
Latirus  infundibulum,  Gmel.    . . . ^ 

*  By  this  I  mean  that  there  is  such  a  number  of  types  common  to  the  Mio- 
cene of  Bordeaux,  &c.,  that  they  resemble  deposits  formed  within  the  same  great 

zoological  province.  It  is  in  this  respect  that  the  resemblance  is  less  close  with the  American  Miocene. 
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List  oe  Species  (continued). 

Distribution. 

r:3  s=l 

So  ce 

o  § 

II 
o  o 

Foasil.    Other  localities. 

Marginella  coniformis,  Sow   
Columbella  ambigua,  Qwpj^y..., 
  gradata,  Guppy   
Cancellaria  Barretti,  Guppy .... 
  Isevescens,  Guppy   
  Moorei,  Guppy   
Pleurotoma  censors,  Sow   
  venvistum,  Sow   
  Barretti,  Guppy   
— -—  Jamaicense,  Guppy    
Terebra  ineequalis,  Sow   
Phos  Moorei,  Guppy   
  elegans,  Guppy   
Cerithium  plebeium,  Sow   
Natica  subclausa,  Sow   
  sulcata,  Born   
  mammillaris,  Lam   

  pbasianelloides,  d^  Orb   
Turbo  castaneus,  Chemn   
Solarium  quadriseriatum,  Sow.  . 
Cyclostrema  bicarinata,  Guppy. 
Neritina  Woodwardi,  Guppy  . 
Dentalium  dissimile,  Guppy .... 
Vermetus  papulosus,  Guppy .... 
Yenus  paphia,  Linn   
  Woodwardi,  Guppy   
Cytherea  planivieta,  Guppy  .... 
  carbasea,  Guppy   
Lucina  Pennsylvanica,  Linn   
Cardita  scabricostata,  Guppy    . 
Cardium  Haitense,  Sow   

  lingua-leonis,  Guppy   
  inconspicuum,  Guppy  .... 
Corbula  viminea,  Guppy      

Pectunculus  pennaceus,  Lam,  ' . .   acuticostatus.  Sow   
Area  consobrina,  Sow   
  Nose,  Linn   
  ineequilateralis,  Guppy   
Pecten  exasperatus.  Sow   
  ingequalis.  Sow   
Chama  arcinella.  Lam   

Cuba ;  Anguilla ;  Trinidad. 

Anguilla;  Trinidad. 

Vienna. 

Piedmont ;  N.  America. 

N.  America. 

§  3.  Desceiption"  OF  the  Species. 

1,  Cassis  sulcifera,  Sow. 

Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  47,  pi.  10.  f.  1. 

"A^form  allied  to  the  recent  (7.  tuber osa. 
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2.  Cassis  monilifeka,  spec.  nov.     PL  XYII.  fig.  8. 

Shell  ovate,  scarcely  ventricose ;  whorls  5,  varices  few  (1-2)  or 
none ;  ornamented  with  obsoletely  nodose,  low,  round,  spiral  ridges, 
and  bearing  on  the  superior  angle  a  somewhat  moniliform  row  of 

tubercles ;  spire  small,  conic ;  columellar  callus  granose ;  outer  lip 
thickened  and  dentate ;  columella  very  tortuous  beneath  the  callus ; 
canal  recurved. 

Allied  to  0.  abbreviata,  Lam.  (recent),  and  still  closer  to  C.  diadema, 
Defr.  of  the  Bordeaux  Miocene. 

3.  Malea  camtjka,  spec.  nov.     PI.  XYII.  fig.  9. 

Shell  ovate,  ventricose;  whorls  6-7,  destitute  of  varices,  zoned 
by  about  16  low  spiral  ridges;  spire  short,  conic;  aperture  rather 
narrow,  outer  lip  thickened,  dentate;  inner  lip  sinuate,  dentate; 
columella  tortuous,  irregularly  folded  or  plaited ;  callus  thin. 

4.  Cassidama  subl^vigata,  spec.  nov.     PI.  XYII.  fig.  10. 

Shell  ovate,  rimate,  striated  by  transverse  grooves  which  are 
decussated  by  numerous  fine  longitudinal  lines;  varices  scarcely 

prominent,  few;  whorls  6-7;  spire  smaU,  acuminate;  suture  im- 
pressed; aperture  elongate;  outer  lip  forming  a  varix  which  is 

scarcely  prominent  externally,  thickened  and  strongly  toothed  in- 
ternally ;  columellar  margin  covered  by  a  spreading  callus,  on  which 

are  several  folds  or  plaits ;  canal  short,  narrow,  slightly  reflected. 
Allied  to  the  C.  Icevigata,  Sow.,  of  the  San  Domingan  Miocene,  from 

which  it  is  easily  distinguished  by  its  short  spire  and  larger  size. 
Among  recent  species  it  is  most  nearly  related  to  G.  striata,  but  the 
shorter  spire,  among  other  characters,  serves  to  distinguish  it. 

5.  Strombtjs  PT7GILIS,  Linn. 

Syst.  Kat.  (ed.  12)  p.  1209 ;  Eeeve,  C.  I.  Strombus,  No.  39. 

A  common  shell  in  the  Caribean  Sea. 

6.  Strombtjs  bieeons.  Sow. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  48,  pi.  9.  f.  8. 

7.  CON-TJS  PLANILIEATFS,  SoW.       PL  XYI.  fig.  7. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  44. 

8.  Contts  solidus.  Sow.     PL  I.  fig.  XYI. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  45. 

9.  CoNTJS  STEKOSTOMA,  Sow.     PL  XYI.  fig.  2. 

Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  45. 

10.  CONUS  GEANOZONATTJS,  SpCC.  UOV.       PL  XYI.  fig.  5. 

Shell  elongate,  ornamented  with  numerous  (18)  transverse  nodose 
ridges,  and  longitudinally  striated  by  lines  of  growth,  which  are 
most  distinct  in  the  sulcations  between  the  ridges ;  uppermost  keel 

or  ridge  on  the  angle  of  the  whorl  bearing  larger  tubercles ;  spire 
elevated,  acuminate. 
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11.  CoNUS  iNTEESTiiNrcTirs,  spec.  nov.     PI.  XYI.  fig.  3. 

Shell  obeonic,  transversely  ornamented  with  many  small  ridges 
bearing  moniliform  granules,  which  are  most  distinct  anteriorly, 
but  become  simple  striations  near  the  anterior  canal;  whorls  10, 
superiorly  carinate;   spire  rather  elevated,  acuminate. 

12.  CoNiis  GEACiLissoirs,  spec.  nov.     PI.  XVI.  fig.  4. 

Shell  elongate,  subfusiform,  slender,  ornamented  with  flattened 
spiral  ribs  which  are  crossed  by  longitudinal  striae  most  distinct  in 
the  interstices  of  the  ribs  ;  spire  elevated,  acuminate ;  whorls  angular 
above,  the  angle  ornamented  with  a  single  row  of  small  obtuse 
tubercles;  aperture  very  narrow,  elongate;  outer  lip  prominent; 
posterior  sinus  distinct. 

13.  Ktjrex  Domingensis,  Sow. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  49,  pi.  10.  fig.  5. 

14.  Persona  simillima.  Sow.,  sp.     PL  XYII.  fig.  13. 
Triton  shnillimus,  Sow.  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  48. 

15.  Eanella  ceassa,  DiUw.     PI.  XYIII.  fig.  9. 
Dillwyn,  Descr.  Cat.  692 ;  Peeve,  C.  I.  Eanella,  No.  18. 

16.  Oliva  eeticulaeis.  Lam. 
Lamarck,  Animaux  sans  Yert.  (ed.  Desh.)  vol.  x.  p.  613 ;  Eeeve, 

C.  I.  OHva,  No.  16. 

This  species  still  lives  in  the  Gulf  of  California,  and  also  in  the 
West  Indies,  where  it  is  rather  rare. 

17.  MiTEA  HEISTEKElSri,  SoW. 
M.  HeniJceri,  Sow.  Quart.  Journ.  Geol.  Soc. vol.  vi.  p.  46,  pi.  9.  f.5. 

A  small  example  of  this  species  occurs  in  the  Jamaica  collection. 

18.  Pasciolaeia  semistetata,  Sow.     PI.  XYI.  fig.  12 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  49. 

19.  Latietjs  infundibulum,  Gmel. 
Lamarck,  An.  s.  Yert.  (ed.  Desh.)  vol.  ix.  p.  386 ;  Peeve,  C.  I. 

Turbinella,  No.  3. 

20.  Maeginella  cokifoemis.  Sow.     PI.  XYII.  fig.  2. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  45. 

21.  COLUMBELLA  AMBIGUA,  SpCC.  UOV.       PL  XYI.  fig.  8. 

Shell  elongate,  acuminate,  thick,  longitudinally  ribbed  with  stout 
somewhat  undulated  costae ;  whorls  about  10,  flattened  laterally, 
gradually  increasing ;  aperture  narrow,  outer  lip  thickened,  blunt, 
toothed  within,  scarcely  indented  by  an  obsolete  posterior  sinus; 
canal  short,  recurved ;  columellar  callus  with  prominent  edges. 

22.  CoLUMBELLA  GEADATA,  SpCC.  UOV.       PL  XYI.  fig.  10. 

Shell  thick,  elongate,  whorls  about  9,  flattened  and  ornamented 
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above  with  a  series  of  longitudinally  elongate  tubercles,  and  some- 
what ribbed  near  the  aperture;  the  last  whorl  spirally  grooved 

anteriorly ;  spire  small,  elevated,  acuminate ;  outer  lip  thickened, 
toothed  internally ;   columellar  callus  with  a  prominent  edge. 

This  shell  is  distinguished  from  the  preceding,  which  it  somewhat 
resembles,  by  the  middle  part  of  the  whorls  being  smooth,  by  the 
shorter  spire,  and  the  somewhat  steplike  overlapping  of  the  whorls. 
Both  these  species,  as  well  as  C.  venusta  from  the  San  Domingan 
Miocene,  seem  to  have  relations  with  PUurotoma.  They  belong  to 
the  subgenus  Stromhina  of  Morch. 

23.  Cancellaeia  Bakretti,  spec.  nov.     PI.  XYII.  fig.  11. 

Shell  stout,  ovate-turreted,  cancellated  by  numerous  equidistant 
and  close  longitudinal  and  transverse  ribs,  of  which  the  trans- 

verse are  somewhat  more  distinct  than  the  longitudinal ;  whorls  8, 
somewhat  compressed,  very  slightly  angulated  near  the  suture  ; 
aperture  ovate,  rather  narrow  :  columella  strongly  folded ;  outer  lip 
blunt,  very  slightly  sinuate  anteriorly,  deeply  grooved  within. 

The  specimens  seem  to  be  scarcely  adult,  and  the  species  may, 
when  full  grown,  have  a  columellar  callus  like  that  in  the  next 

species. 

24.  Cancellaria  l^evescens,  spec.  nov.     PI.  XYII.  fig.  12. 

SheU.  very  thick,  ovate,  spire  cancellated  by  numerous  ribs,  of 
which  the  longitudinal  are  the  more  distant  and  more  prominent ; 
whorls  8;  last  one  forming  about  two-thirds  of  the  height  of  the 
shell,  nearly  smooth,  but  with  fine  lines  of  growth  decussated  by  low 
distant  ridges,  the  latter  becoming  quite  obsolete  near  the  aperture, 
except  anteriorly,  where  they  are  more  distinct ;  aperture  widest 
anteriorly;  columella  strongly  folded  with  two  verj^  prominent 
plaits ;  callus  thick,  spreading ;  outer  lip  blunt,  obsoletely  dentate, 
grooved  internally ;   canal  short,  tortuous. 

This  species,  allied  to  C.  reticulata,  Dillw.,  was  at  first  considered 
as  a  variety  of  that  species,  an  opinion  afterwards  abandoned.  The 
characters  given  will  readily  distinguish  it  from  that  recent  species. 
It  partakes  in  some  measure  of  the  characters  of  G.  ohesa  and  C.  solida, 
Sow. 

25.  Cancellaeia  Moorei,  spec.  nov.     PL  XYII.  fig.  7. 

Shell  ovate,  ventricose,  subrimate,  longitudinally  striated  and  orna- 
mented with  stout,  rounded,  distant,  variciform  costse,  which  are 

crossed  by  spiral  ribs ;  whorls  about  7,  increasing  rapidly ;  aperture 
rounded  ovate;  columellar  caUus  thin,  with  prominent  edges; 
columella  twisted,  with  three  plaits ;  canal  reflected. 

2Q.  Pleurotoma  con-sors.  Sow. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  50. 

27.  Pleurotoma  venustum.  Sow. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  50,  pi.  10.  f.  7. 
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28.  Pleitrotoma  Baeretti,  spec.  nov.     PL  XYII.  fig.  6. 

Shell  solid,  fusiform,  elongate,  whorls  9-10,  carinate,  spirally  keeled 
and  striated ;  keels  visible  on  the  upper  whorls  three,  with  3-4 
intermediate  striae,  decussated  by  lines  of  growth ;  second  and  largest 
keel  decurrent,  with  the  notch  divided  by  an  obsolete  groove ;  aper- 

ture elongate ;  canal  long,  straight. 
A  shell  like  P.  virgo,  but  with  more  acute  keels. 
There  are  some  small  shells  in  the  collection  which  I  take  to  be 

the  young  of  this  species.  In  these  the  cross  striae  between  the 
keels  are  more  distinct  and  more  delicate. 

29.  Pleurotoma  Jamaicense,  spec.  nov.     PI.  XYI.  fig.  6. 

Shell  ovate-turreted ;  whorls  stoutly  transversely  ribbed  below 
the  small  round  keel  which  follows  the  suture;  the  interstices 

between  the  ribs  crossed  by  numerous  fine  striae,  which  are  decus- 
sated by  still  finer  striae  ;  aperture  rather  narrow ;  outer  lip  some- 
what thickened ;  anterior  canal  very  short ;  posterior  canal  scarcely 

forming  a  notch  in  the  peristome. 
This  shell  belongs  to  a  type  which  has  several  recent  representatives 

both  in  the  West  Indies  and  on  the  West  Coast  of  America.  Its 

nearest  relative  is  perhaps  P.  granulosa,  Sow.,  from  Panama. 

30.  TeREBEA  IISTJEQITALIS,  SoW. 

Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  47. 

The  Jamaican  examples  are  small  and  fragmentary. 

31.  Phos  Moorei,  spec.  nov.     PL  XYI.  fig.  11. 

Shell  ovate-turreted,  conical,  with  longitudinal  distant  ribs  which 
are  cancellated  by  transverse  costas  rising  into  tubercles  upon  the 
longitudinal  ribs;  whorls  9,  rather  convex,  increasing  gradually; 

spire  sharp,  regularly  turreted;  aperture  ovate;  columella  some- 
what twisted;  outer  lip  internally  distantly  grooved;  peristome 

crenate,  blunt,  somewhat  sinuate  anteriorly ;  canal  short,  open. 
This  species  is  so  close  to  P.  Veraguensis,  Hinds,  that  it  was  at 

first  considered  by  Mr.  Carrick  Moore  as  a  variety  of  that  species ; 
an  opinion  which  he  subsequently  modified. 

32.  Phos  elegans,  spec.  nov.     PL  XYI.  fig.  13. 

Shell  conical-turreted,  elongate,  cancellated  by  longitudinal  and 
transverse  ribs,  the  latter  rising  into  tubercles  upon  the  former, 
which  are  the  largest  and  most  distant;  whorls  8,  convex,  gra- 

dually increasing ;  aperture  ovate ;  columella  somewhat  twisted ; 
outer  lip  simple,  blunt,  grooved  within. 

33.  Cerithium:  plebeixtm.  Sow.     PL  XYI.  fig.  9. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  51. 

34.  iN'ATiCA  suBCLAusA,  Sow.     PL  XYIII.  fig.  8. Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  51. 

35.  Natica  SULCATA,  Bom.     PL  XYIII.  figs.  14,  15. 
iV.  cancellata,  Gmel. ;  Keeve,  C.  I.,  Natica,  No.  95. 
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36.  JSTatica  mammillaeis,  Lam. 
Lamarck,  An.  s.  vert.  (ed.  Desh.)  vol.  viii.  p.  628 ;  Eeeve,  C.  I. 

JSTatica,  m.  29. 

I  do  not  feel  sure  of  this  identification ;  but  as  the  fossil  seems  to 
have  been  referred  to  this  species,  I  am  not  at  present  able  to  suggest 
an  amendment. 

37.  Natica  phasianelloides,  D'Orb.     PI.  XYII.  fig.  1. 
D'Orbigny,  Paleontologie  de  Cuba,  pi.  1.  f.  7. 

Shell  ovate-globose,  smooth,  scarcely  rimate;  spire  elevated; 
columellar  callus  narrow,  its  margin  sinuate  on  the  penultimate 
whorl. 

Although  D'Orbigny  has  not,  as  far  as  I  can  ascertain,  pub- 
ished  any  text  explanatory  of  his  plates  of  Cuban  fossils,  and 
although  the  specimen  figured  by  him  is  only  a  cast,  I  beheve  the 
present  shell  to  be  identical  with  the  species  to  which  I  have  referred 
it.  It  seems  to  be  very  characteristic  of  the  West  Indian  Miocene, 
and  occurs  in  a  perfect  state  in  San  Domingo,  and  as  casts  in 
Anguilla  and  Trinidad.  The  Jamaican  example  is  small,  and  has 
lost  its  spire.  This  fossil  belongs  to  that  group  of  Naticce  so  well 
represented  in  the  Eocene  of  Europe  by  N.  ambulacrum,  Sow., 
N.  Jiyhrida,  Desh.,  and  N.  acuta,  Sow.  It  has  a  somewhat  taller 
spire  than  any  of  these.  The  absence  of  an  umbilicus  and  the 
elevated  spire  seem  to  indicate  for  it  a  place  in  the  group  Amaura, 
MoUer  (1842). 

38.  TuEBO  CASTANETJS,  Chcmu. 

The  fossil  is  remarkable  for  retaining  some  of  the  chestnut  colour 
characteristic  of  the  recent  shell  with  which  I  am  acquainted  under 
this  name.  It  seems  to  be  the  T.  liippocastaneus  of  Lamarck.  It  is 
certainly  not  the  form  known  as  T.  crenulatus,  Gmel.  {T.  articulatus. 
Reeve) ;  but  whether  the  latter  is  to  be  considered  a  variety  or  not, 
I  am  not  now  prepared  to  state. 

39.  SOLAEIUM  QUADEISEEIATUM,  SoW. 

Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  51,  pi.  10.  f.  8. 

Eine  examples  of  this  species  occur  in  Jamaica. 

40.  Cyclosteema  bicaeinata,  spec.  nov.     PI.  XYII.  fig.  5. 

Shell  discoidal,  broadly  umbilicate ;  whorls  concave  beneath,  flat 
above,  with  four  small  spiral  keels  on  the  flat  upper  part,  the 
periphery  formed  by  two  larger  and  more  distant  spiral  keels, 
including  between  them  a  somewhat  concave  smooth  spiral  area; 
peristome  continuous. 

41.  Neeitina  "Woodwaedi,  spec.  nov.     PL  XVIII.  figs.  4,  5. 
Shell  oval-globose,  flattened,  with  coarse  lines  of  growth ;  spire 

wanting;  mouthVery  narrow,  semilunate ;  columella -lip  very  broad, 
flat ;  columella  simple,  slightly  curved,  and  furnished  with  an  obso- 

lete tooth-Hke  projection  anteriorly. 
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The  spire  of  the  single  example  has  completely  disappeared  by 
erosion,  so  that  nothing  but  the  last  whorl  is  left,  and  even  that 
seems  to  have  been  somewhat  encroached  upon  by  the  dissolving 
properties  of  the  water  in  which  this  mollusk  lived.  The  shell  is 
different  from  that  of  any  of  the  genus  I  know  of  inhabiting  the  West 
Indies  or  South  America. 

42.  Dentalitjm  dissimile,  spec.  nov.     PI.  XYII.  fig.  4. 

Shell  subpolygonal  and  striated  at  the  apex,  becoming  gradually 
round,  smooth,  and  shining  near  the  aperture,  which  is  circular. 

43.  Yeemetus  paptjlosijs,  spec.  nov.     PI.  XYII.  fig.  3. 

Shell  nearly  straight,  rather  irregularly  spirally  contorted,  orna- 
mented with  regular  longitudinal  rows  of  tubercles  interlined  with 

crenate  striae ;  aperture  subcircular. 

44.  Yenus  paphia,  Linn. 

Syst.  I^Tat.  p.  1129;  Lamarck,  An.  s.vert.  (ed.Desh.)  vol.vi.p.371. 

45.  Yenus  Woodwaedt,  spec.  nov.     PI.  XYIII.  fig.  1. 

Shell  subtrigonal,  somewhat  inequilateral,  anteriorly  rounded, 
posteriorly  somewhat  angulated ;  ornamented  with  numerous  fine 
radiating  costellae,  interrupted  by  equidistant  concentric  crenulate 
ridges,  which  are  continued  across  the  large  lunule  ;  margin  beneath 
the  lunule  internally  obsoletely  toothed. 

A  form  allied  to  V.  cancellata,  Linn.,  abundant  in  the  Caribean  Sea. 

46.  CrTHEREA  (Callista)  planivieta,  spec.  nov.     PI.  XYIII.  fig.  3. 

Shell  inequilateral,  transverse,  oval,  compressed ;  valves  polished, 
ornamented  with  numerous  flat,  slightly  irregular,  concentric  ribs, 
which  are  much  closer  than  their  interstices ;  umbones  prominent, 
approximated ;   lunule  scarcely  impressed. 

This  bivalve  approaches  closely  to  C.  erycina  of  the  Eastern  seas. 
It  is  also  allied  to  G.  striatella  of  the  Belgian  Tertiaries,  and  even 
more  closely  to  C.  erycinoides  of  the  Bordeaux  beds. 

47.  Cytherea  (Circe)  carbasea,  spec.  nov.     PI.  XYIII.  fig.  13. 

Shell  rounded,  rather  inequilateral,  tumid,  sulcated  by  lines  of 
growth  decussating  with  numerous  radiating  striae,  which  divaricate 
on  the  anterior  part  of  the  disk,  and  become  subrugose  towards  the 
posterior  margin ;  lunule  large,  scarcely  distinct ;  posterior  margin 
rounded ;   anterior  margin  somewhat  produced. 

The  character  of  the  ornamentation  in  this  species  approaches  to 
that  of  C.  divaricata,  Chemn.,  and  in  general  form  it  is  related  to 
that  species  and  to  several  others  of  the  same  group  inhabiting  both 
the  eastern  and  western  seas,  or  found  fossil  in  Tertiary  formations. 

48.  LuciisrA  Pein^jststlvanica,  Linn. 
Syst.  Nat.,  p.  1134. 

This  well-known  species  is  also  found  fossil  in  the  Miocene  deposits 
of  Piedmont  and  of  North  America. 
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49.  Caedita  scabricostata,  spec.  nov.     PI.  XVIII.  fig.  10. 

Shell  suborbicular,  nearly  as  high  as  wide,  with  about  18  regularly 
nodosely  muricate  impressed  ribs ;  posterior  margin  nearly  straight, 
forming  an  angle  with  the  ventral  margin,  which  is  rounded ;  ante- 

rior margin  rounded ;  umbones  prominent ;  margins  strongly  crenate , 
hinge  with  two  teeth,  of  which  the  posterior  one  is  long  and  narrow. 

50.  Cardium  Haitense,  Sow. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  52,  pi.  10.  fig.  11. 

51.  Cardiijm  lingua-leonts,  spec.  nov.     PI.  XYIII.  fig.  7. 

Shell  elongate,  subquadrate ;  valves  deep,  ornamented  with  nume- 
rous (32)  nodosely  muricate  ribs,  which  are  lower  and  more  distant 

towards  the  anterior  and  posterior  margins ;  margins  coarsely  cre- 
nulate,  the  posterior  one  strongly  serrate :  hinge  with  three  large 
and  stout  teeth. 

The  nearest  ally  of  this  shell  is  C.  ruhicundum  of  Madagascar.  It 
is  distinguished  both  from  that  species  and  from  C.  elongatum  by  its 
deeper  valves  and  by  the  ribs  on  the  disk  being  somewhat  muricate. 
It  is  also  rather  narrower  than  those  species. 

52.  Carditjm  inconspicuum,  spec.  nov.     PI.  XYIII.  fig.  12. 

Shell  elongate,  sub  trigonal,  orate,  ornamented  with  numerous  (38) 
imbricate  radiating  ribs  broader  than  their  regularly  squamose  in- 

terstices ;  umbones  scarcely  prominent ;  margins  strongly  dentate ; 
hinge  small,  with  three  teeth. 

53.  CoRBULA  vniiNEA,  spec.  nov.     PI.  XYIII.  fig.  11. 

Shell  thick,  transversely  oblong,  rounded  anteriorly,  produced 
posteriorly  into  an  acute  beak ;  valves  ornamented  with  stout,  rather 
round,  concentric  ribs ;  hinge  with  a  single  prominent  tooth  and  a 
deep  orbicular  pit  in  front  of  it. 

54.  Pecttjnculus  pennaceus.  Lam. 
Lamarck,  Anim.  sans  vert.  (ed.  Desh.)  vol.  vi.  p.  490 ;    Eeeve, 

C.  I.  Pectunculus,  No.  24. 

55.  Pectunculus  acuticostatus,  Sow. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  j).  53,  pi.  10.  f.  13. 

56.  Arca  consobrina.  Sow. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  b2,  pi.  10.  fig.  12. 

57.  Arca  N"o^,  Linn. 
Syst.  Nat.  p.  1140 ;  Peeve,  C.  I.  Arca,  No.  72. 

Abundant  in  most  of  the  West  Indian  later  Tertiaries,  and  in  the 
existing  seas. 

58.  Arca  in^quilateralis,  spec.  nov.     PI.  XYIII.  fig.  2. 

Shell  transverse,  slightly  oblique,  very  inequilateral,  produced 
posteriorly ;  valves  with  about  30  crenate  radiating  ribs,  single  on 
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the  disk,  where  they  are  not  broader  than  one- third  of  their  inter- 
stices ;  double  anteriorly  and  posteriorly,  where  they  are  equal  in 

width  to  the  interstices;  hinge -line  long,  straight,  forming  an 
abrupt  angle  with  the  rounded  anterior  margin ;  posterior  margin 
with  an  oblique  slope. 

59.  Pecten  exaspeeatus,  Sow. 

Sow.  Thesaurus  Conch,  vol.  i.  p.  54,  pi.  18.  f.  183-6;  Eeeve, 
C.  I.  Pecten,  pi.  2.  f.  7  &  8. 

This  Pecten  still  lives  in  the  West  Indian  seas.  The  fossil  has 

20  ribs,  and  is  slightly  longer  than  the  recent  shell ;  but  I  cannot 
regard  the  differences  as  specific. 

60.  Pectei^  tn^-^qtialts.  Sow.     PI.  XYIII.  fig.  6. 
Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  52. 

61.  Chama  aecin-ella.  Lam. 
The  Jamaican  shells  do  not  differ  from  the  recent  examples ;  but 

the  San  Domingan  specimens  may  be  considered  a  variety.  The 
former  have  more  numerous  imbricating  subtubular  spines,  which 
in  the  latter  are  not  so  regularly  arranged  in  rows,  and  assume 
more  the  character  of  coarse  squamose  granules. 

EXPLANATION  OF  PLATES  XYL-XYIII. 

(Illustrative  of  Tertiary  Shells  from  Jamaica). 

Plate  XVI. 

Fig.  1.  Conus  solidus,  Sow. 
2.    stenostoona,  Sow. 
3.    interstinctus,  Gruppy. 
4.    gracilissimus,  G-uppy. 
5.    granozonatus,  Guppj. 
6.  Meurotoma  Jamaicense,  Gruppy. 

7.  Conus  'planiliratus,  Sow. 
8.  Columbella  ambigua,  Guppy. 
9.  Cerithium  pleheium,  Sow. 

10.  Colwnbella  gradata,  Guppy. 
11.  Pkos  Moorei,  Guppy. 
12.  Fasciolaria  semistriata,  Sow. 
13.  Phos  elegans,  Guppy. 

Plate  XVII. 

Fig.      Natica  jphasianelloides,  d'Orb. Marginella  coniformis,  Sow. 
Vermettis  ])apulosus,  Guppy, 

4.  Dentalium  dissimile,  Guppy. 
ba,  5  b.  Cyclostrema  bicarinatum,  Guppy. 
6.  Fleurotoma  Barretti,  Guppy. 
7.  Cancellaria  Moorei,  Guppy. 
8.  Cassis  monilifera,  Guppy. 
9.  Malea  camura,  Guppy. 

10.  Cassidaria  suhlcBvigata,  Guppy. 
11.  Cancellaria  Barretti,  G(\x^^j . 
12.    IcBvescens,  Guppy. 
13.  Persona  simillima,  Guppy. 
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Plate  XVIII. 

Fig.  1.   Venus  Woodwardi,  Guppy, 
2,  Area  inaquilateralis,  Guppy. 
3.  Gytherea  {Ccdlista)  jplanivieta,  Guppy. 

p"  VNeritina  Woodwardi,  Guppy. 
6.  Fecten  incsqualis,  Sow. 
7.  Cardium  Ungua-leonis,  Guppy. 
8.  Natica  subclausa,  Sow. 
9.  Eanella  crassa,  Eeeve. 

10.  Cardita  scabricostata,  Guppy, 
11.  Corbtda  viminea,  Gvi])ipj. 
12.  Cardium  inconspicuum,  Guppy. 
13.  Cy flier ea  {Circe)  carbasea,  Guppy. 
14  &  15.  Natica  sulcata,  Desh. 

2.  On  Teetiaet  Beachiopoda  from  Teinidad.     By  E.  J.  Lechmeee 

^  Guppy,  Esq.,  Civil  Service,  Trinidad. 

(Communicated  by  the  Assistant-Secretary). 

[Plate  XIX.,  Figs.  1-3.] 

The  three  species  of  Brachiopoda  which  form  the  subject  of  the 
present  communication,  were  obtained  from  the  gypseous  marls  con- 

taining Orhitoides  Mantelli  and  WummuUna,  exposed  near  the  town 

of  San  Fernando  in  Trinidad*.  I  have  alluded  to  these  beds  in  my 
papers  on  the  Mollusca  of  Jamaica  and  on  the  Echinodermata  of  the 
West  Indies.  The  Gasteropoda  and  Conchifera  contained  in  these 
deposits,  are  for  the  most  part  in  bad  condition,  and  generally  spe- 

cifically indeterminable ;  but  in  the  papers  alluded  to  I  have  given 
the  names  of  such  species  as  I  have  been  able  to  determine.  _  I  have 
not  found  any  form  which  could  be  referred  with  any  degree  of  pro- 

bability to  recent  species  ;  and  this  circumstance  combined  with  the 
stratigraphical  position  of  the  beds,  the  occurrence  of  EcJiinolam^as 
ovum-serpentis,  the  great  development  of  Orhitoides  Mantelli,  (fee. 
have  led  me  to  believe  that  these  strata  belong  to  a  lower  horizon 
in  the  Miocene  series  than  the  deposits  in  Jamaica,  Cumana,  and 
Cuba.  The  evidence  furnished  by  the  Brachiopoda  now  described, 
can  hardly  be  considered  to  throw  much  new  light  upon  the  ques- 

tion. They  seem,  indeed,  to  be  suggestive  of  Cretaceous  affinities  ; 
their  resemblances  to  known  Tertiary  and  recent  forms  not  being  very 
pronounced. 

It  has  been  suggested  to  me  that,  considering  the  apparent  Me- 
sozoic  type  of  these  Brachiopoda,  they  may  be  derivative  fossils,  but 
I  see  no  ground  for  this  supposition.  The  specimens  are  not  in  con- 

dition to  warrant  such  a  presumption;  they  do  not  occur  near  the. 
base  of  the  series  exposed  at  San  Fernando  ;  they  are  referable  to  a 
genus  still  existing,  and  represented  in  Tertiary  rocks.  Besides 
which,  Mr.  Barrett  has  discovered  similar  Brachiopoda  in  the  Mio- 

*  See  '  Geologist;  vol.  YII.,  p.  159. 
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cene  deposits  of  Jamaica,  as  stated  in  a  letter  of  that  naturalist  quoted 
by  Dr.  Woodward,  an  extract  from  which  will  be  found  in  a  note  to 
my  paper  on  the  Jamaica  fossils  (p.  281).  It  is  even  possible  that 

one  of  Mr.  Barrett's  fossils  may  be  identical  with  one  of  the  species 
now  described.  At  any  rate  these  fossils  are  interesting  as  being, 
as  I  believe  they  are,  the  first  Brachiopoda  described  from  Miocene 
beds  in  the  West  Indies. 

JN'one  of  the  fossils  now  under  consideration  at  all  resemble 
Maltese  forms ;  and  herein  they  differ  remarkably  from  many  of  the 
other  organic  remains  from  the  Caribean  Miocene  beds,  especially 
the  Echinodermata  and  the  Corals. 

All  the  species  have  been  ascertained  to  be  punctate. 

1.  Terebratula  trinitatensis,  spec.  nov.     PI.  XIX.  figs,  la,  Ih. 

Shell  smooth,  gibbous,  irregularly  pentagonal,  somewhat  longer 
than  wide,  marked  by  wide  shallow  and  obscure  sulci  of  growth, 
which  become  finer  and  more  distinct  towards  the  margins ;  front- 
edge  nearly  straight ;  ventral  valve  convex  and  rounded  towards 
the  beak,  flattened  towards  the  front  edge  ;  dorsal  valve  convex, 
with  an  obscure  carination  radiating  to  each  angle  of  the  front  edge ; 
beak  large,  scarcely  incurved  over  the  dorsal  valve,  truncate  by 
a  rather  large  subcircular  foramen,  from  which  a  wide  and  shallow 
sulcus  extends  forwards. 

2.  Terebratula  carneoibes  spec.  nov.     PL  XIX.  fig.  2. 

Shell  suboval  or  suborbicular,  smooth,  striated  by  fine  lines  of 
growth ;  ventral  valve  convex  with  a  tendency  to  carination  along 
its  mesial  portion  from  the  beak  to  the  front  margin ;  dorsal  valve 
rather  evenly  convex,  with  an  obscure  slightly  raised  mesial  fold ; 
front  margin  rounded  or  somewhat  produced ;  beak  small,  scarcely 
curved  over  the  umbo  of  the  dorsal  valve,  pierced  by  a  very  small 
foramen. 

The  front  margin  of  the  example  figured  is  imperfect,  but  in 
another  less  perfect  specimen  it  is  more  folded  and  produced,  giving 
a  suboval  shape  to  the  shell.  The  first-mentioned  example  resembles 
in  some  respects  T.  carnea  from  the  chalk. 

3.  Terebratula  lecta,  spec.  nov.     PI.  XIX.  fig.  3. 

Shell  suboval,  smooth,  sulcated  by  lines  of  growth  which  are 
strong  and  well  marked  towards  the  margins,  and  which  are  crossed 
by  obsolete  radiating  grooves ;  front  edge  plicate  and  sinuate ;  ven- 

tral valve  somewhat  compressed,  especially  towards  the  front  margin ; 
dorsal  valve  convex,  with  a  slightly  raised  mesial  fold;  beak 
scarcely  incurved,  truncated  by  a  large  circular  foramen. 

Note  on  the  Poregoing  Paper.   By  T.  Davidson,  Esq.,  P.RS.,  F.G.S. 

The  subject  relating  to  Tertiary  Brachiopoda  is  one  of  considerable 

importance,  since  the  fossils  of  this  period,  taken  imder  the  '  homo- 
taxeous'  view,  connect  the  Cretaceous  with  the  Recent  fauna.     A 
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general  monograph  of  Tertiary  Brachiopoda  is  consequently  a  great 
desideratum. 

With  regard  to  the  special  subject  of  Mr.  Guppy's  paper,  the 
author  is  quite  correct  while  observing  ̂ '  that  the  evidence  furnished 
by  the  Brachiopoda  now  described  can  hardly  be  considered  to  throw 
much  new  light  upon  the  question,  as  they  seem  indeed,  to  be  sug- 

gestive of  Cretaceous  affinities ;  "  but  I  might  add  that  their  shapes 
are  not,  however,  inconsistent  with  what  we  might  likewise  expect 
to  find  in  Tertiary  formations. 

Terehratula  Trinitatensis  and  T.  lecta  of  Guppy  are  not  known  to 
me  as  Miocene  shells,  and  may  be  new ;  but  it  must  be  confessed 
that  T.  carneoides,  Guppy,  strongly  recalls  to  my  mind  the  Cretaceous 
T.  carnea,  as  well  as  the  recent  T.  vitrea.  Indeed  the  shell  now 
termed  T.  carneoides  seemed  to  me  identical  in  shape  and  foramen 
with  that  of  many  Cretaceous  specimens  of  T.  carnea,  as  well  as  of 
the  recent  T.  vitrea ;  and  it  may  be  asked  whether  T.  vitrea  and  T. 
carnea  are  really  distinct  species.  Their  shapes  are  very  often 
identical  and  undistinguishable,  their  interiors  so  likewise  ;  and  we 
find  similar  shells,  identified  as  T.  vitrea  by  Philippi  and  Sequenza, 
from  the  Miocene,  Pliocene,  and  Pleistocene  beds  of  Sicily. 

I  may  here  suggest  the  hope  that  further  researches  may  be  made 
in  connexion  with  the  beds  and  fossils  in  question,  as  it  is  always 
hazardous  to  describe  so-called  new  species  from  the  study  of  a  few 
specimens,  and  especially  so  when  the  forms  are  undescribed. 

EXPLANATION  OF  PLATE  XIX.  figs.  1-3. 

(Illustrative  of  Tertiary  Brachiopoda  from  Trinidad.) 

Figs.  \a,\h.  Terehratula  Trinitatensis,  Guppy. 
2.    carpeoides,  Guppy, 
3.    lecta,  Guppy. 

3.  On  Tertiary  Echinoderms  from  the  West  Indies. 
By  R.  J.  Lechmere  Gtjppt,  Esq.,  Civil  Service,  Trinidad. 

(Communicated  by  the  Assistant- Secretary.) 

[Plate  XIX.  figs.  4-8.] 

§  1.  General  Remarks. 

The  Corals  of  the  Miocene  formations  of  the  West  Indies  having 
been  made  known  by  the  researches  of  Mr.  Lonsdale  and  Dr.  Duncan, 
the  SheUs  having  been  in  part  described  by  Messrs.  Carrick,  Moore, 
and  Sowerby,  and  a  notice  of  the  Foraminifera  having  been  given  by 
Professor  Rupert  Jones,  I  propose  to  bring  under  the  notice  of  the 
Geological  Society  the  Echinoderms  belonging  to  the  same  fauna. 

The  Echinoderms  about  to  be  noticed  are  found  in  the  island  of 
AnguiUa,  and  in  Trinidad,  associated  with  remains  which  leave  little 
doubt  of  their  Miocene  age.  Two  of  them  are  identical  with  Maltese 
species,  and  three  more  are  found  living  in  the  West  Indian  seas. 

VOL.  xxii. — part  i.  y 
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Three  others  seem  to  be  new,  and  I  have  therefore  appended  de- 
scriptions of  them. 

In  Anguilla  the  fossil  Echinoderms  occur  in  a  white  marly  lime- 
stone, in  which  are  found  numerous  remains  of  moUusca,  chiefly  as 

casts.  Several  of  the  moUusca  are  identical  with  species  found  in 
San  Domingo,  Jamaica,  and  other  West  Indian  Miocene  localities. 

The  most  noteworthy  are  Natica  phasianelloides,  d'Orb.,  Solarium 
quadriseriatum,  Sow.,  and  species  of  Turritella  and  Pecten.  Teeth  of 
Pycnodont  fishes  also  occur  in  the  beds,  as  in  Malta,  and  among  them 
is  one  apparently  very  closely  allied  to  Sphcerodus  gigas.  Several  of 
the  other  mollusca  are  probably  identical  with  those  of  the  West 
Indian  localities  mentioned;  but  it  would  be  hazardous  to  speak 
precisely,  where  the  only  materials  are  imperfect  casts. 

In  Trinidad  the  fossil  Echinoderms  are  found  in  highly  inclined 
gypseous  marls,  often  impregnated  with  asphalte,  and  with  occasional 
partial  dark-blue  limestones  exposed  in  a  cliff  section  at  San  Fernando. 
The  mollusca  are  numerous,  but  most  frequently  in  a  very  imperfect 
condition  ;  the  metamorphism  induced  by  the  change  of  the  gypsum 
into  selenite,  having  frequently  obliterated  and  destroyed  their  shape 
and  characters.  Of  those  that  are  recognizable  we  have  the  Natica 

phasianelloides,  d'Orb.,  found  in  San  Domingo,  Jamaica,  Cuba,  and 
Anguilla,  and  an  unnamed  Turritella,  found  in  Jamaica,  San  Do- 

mingo, and  Cumana.  Among  the  Foraminifera  we  have  Nummulina, 
Orbitoides  Mantelli,  and  Heterostegina.  The  two  former  occur  in 

great  numbers*,  and  the  Orbitoides  are  well  developed.  Echino- 
lampas  ovum-serpentis  is  the  most  common  Echinoderm  here,  and  it 
seems  to  have  been  a  remarkably  variable  species.  The  only  other 
Echinoderms  found  at  San  Fernando,  are  a  small  species  of  Echinus  C^), 
and  some  stems  of  Crinoids,  all  too  imperfect  for  determination. 
Two  or  three  species  of  Terebratula  are  also  associated  with  these 
fossils. 

At  Anguilla  remains  of  a  large  star-fish  are  found,  which  may 
have  belonged  to  an  Astropecten. 

In  addition  to  the  Echinoderms  now  made  known,  several  have 
been  previously  published,  some  of  which  may  be  from  Miocene 

strata.  D'Orbigny  has  described  a  fossil,  from  beds  in  Cuba  which 
I  take  to  be  Miocene,  under  the  name  of  Periastes  Cubensis,  while 
Michelin  and  Duchassaigne  have  published  some  species  from 
Jamaica  and  Guadeloupe.  I  am  not,  however,  acquainted  with  those 

species. 
Out  of  the  nine  echinoderms  which  I  have  determined,  three  only 

are  new,  while  two  occur  in  the  Maltese  beds  and  in  other  Miocene 
localities  in  Europe.  Three  more  which  occur  rarely  in  the  fossil 
state  are  still  existing  in  West-Indian  seas.  Though  the  test  of 
numerical  proportion  can  scarcely  be  applied  to  so  small  a  number 
of  species,  there  is  enough  evidence  to  justify  us,  taking  the  associated 
mollusca  and  foraminifera  into  consideration,  in  concluding  that  the 
formations  in  AnguiUa  and  Trinidad,  whence  these  fossils  are  derived, 

*  Geologist,  vol.  vii.  p.  159. 



1866.]  GTJPPT —WEST  INDIAN  ECHINODEKMS.  299 

are  of  Miocene  age.  And  it  is  not  surprising,  after  the  researclies  of 
Dr.  Duncan  and  Professor  Eupert  Jones,  to  find  so  remarkable  an 
alliance  with  the  Maltese  beds.  Prom  the  evidence  furnished  by 
the  organic  remains,  I  have  been  led  to  consider  the  Anguilla  and 
San  Fernando  beds  as  probably  somewhat  older  than  the  middle 
Tertiaries  of  Jamaica,  Cumana,  and  San  Domingo,  and  I  have  men- 

tioned this  part  of  the  subject  in  mj  paper  ''  On  the  Tertiary  Mollusca 
of  Jamaica."  Only  two  or  three  species  appear,  as  far  as  my  re- 

searches have  gone,  to  pass  through  the  entire  Miocene ;  nevertheless 
the  whole  fauna  is  so  closely  connected  throughout  by  intermediate 
links,  that  the  separation  of  the  West  Indian  Miocene  into  upper  and 
lower,  can  only  be  eifected  in  a  general  way. 

§  2.  Description  of  the  Species. 

1.  CiDAEis  MELiTENSis  (Forbcs),  Wright. 

Wright,  Ann.  &  Mag.  Nat.  Hist.  2nd  ser.  vol.  xv.  p.  107,  pi.  4. 
fig.l. 

Locality,  Anguilla. 

2.  EcHiNOMETEA  ACTJFERA,  Blaiuville. 

The  fossils  only  differ  from  the  recent  examples  in  that  the  former 
are  smaller ;  but  they  agree  perfectly  with  living  examples  of  the 
same  size. 

Anguilla. 

3.  Clype ASTER  ELLiPTiCTjs,  Michclin. 

Michelin,  Monogr.  des  Clypeastres  fossiles  (Mem.  Soc.  Geol.  de 
France,  2nd  ser.  tome  7),  p.  109,  pi.  12. 

"  This  species,  near  to  C.  rosaceus,  differs  from  it  in  that  it  is  less 
elevated,  has  no  marginal  sinuosities,  and  that  its  ambulacra  are 

rather  elongate  than  rounded  towards  the  base"  (Michelin,  I.e.). 
It  appears  to  me  to  be  more  nearly  related  to  C.  australasia,  Gray, 
than  to  C.  rosaceus,  and  I  have  had  some  doubt  whether  it  ought 
to  be  accounted  distinct  or  not.  It  agrees  with  C.  australasia,  in 
having  the  base  concave  from  the  margins,  and  in  others  respects  in 
which  these  species  differ  from  C.  rosaceus. 

This  is  a  common  species  at  AnguiUa.  I  am  not  aware  of  the  age 
of  the  deposit  from  which  Michelin  obtained  his  fossil. 

4.  ECHINOLAMPAS  SEMIORBIS,  SpCC.  nOV.       PI.  XIX.  fig.  7. 

Test  large,  discoidal,  nearly  circular,  very  slightly  wider  behind 
than  before,  subcorneal;  ambulacral  summit  nearly  central;  ambulacra 
not  petaloid,  extending  nearly  to  the  margins ;  single  ambulacrum 
scarcely  narrower  than  the  others ;  poriferous  avenues  about  one- 
fourth  the  width  of  the  interporiferous  areas;  base  somewhat  concave, 
slightly  swollen  in  the  interambulacral  spaces ;  oral  aperture  large, 
transverse,  nearly  central,  with  deep  notches  opposite  the  terminations 
of  the  rows  of  pores.  Anus  large,  transverse,  close  beneath  the 
margin. y2 
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Secondary  granules  none  or  indistinct ;  primary  tubercles  simple, 
deeply  sunk,  and  very  numerous  and  close-set  towards  the  margins, 
becoming  more  dispersed  towards  the  peristome.  The  ambulacra 
are  somewhat  raised  above  the  general  upper  surface  of  the  test ; 
the  pairs  of  pores  are  connected  by  oblique  grooves ;  the  inner  pores 
are  round,  the  outer  ones  slit.  The  general  form  is  nearly  hemi- 

spherical, the  antero -posterior  but  slightly  exceeding  the  transverse 
diameter,  and  the  test  being  only  slightly  wider  behind.  The  height 
is  about  equal  to  half  the  transverse  diameter. 

This  species  is  closely  allied  to  E.  hcemisphcericus,  Lam.,  and  it 
differs  from  that  species  chiefly  in  having  more  numerous  and  closer 
primary  tubercles,  in  the  more  open  and  less  petaloid  ambulacra, 
and  in  having  a  large  transverse  vent.  E.  hemi splicer icus  is  found  in 
the  miocene  of  Malta,  and  other  localities.  E.  semiorbis  occurs  at 
Anguilla,  and  it  is  used  as  a  pound  weight  by  the  inhabitants. 

5.  ECHINOLAMPAS  LYCOPEESICUS,  SpCC.  UOV.       PI.  XIX.  fig.  8. 

Test  oval,  wider  behind  than  before ;  upper  surface  convex, 
margins  tumid ;  ambulacral  summit  subcentral ;  ambulacra  raised, 
petaloid,  extending  nearly  to  the  margins,  base  concave  towards  the 
subpentagonal  mouth  ;  tubercles  small,  numerous,  and  very  closely 
set,  becoming  large  and  somewhat  more  scattered  towards  the  mouth, 
which  is  subexcentrical  and  slightly  notched  by  the  termination  of 
the  rows  of  pores  continued  from  the  ends  of  the  ambulacral  petals ; 
anus  large,  transverse,  oval,  closely  submarginal. 

The  nearest  species  to  this  is  E.  seutiformis,  Leske,  found  in  Malta 
and  elsewhere.  The  present  species  is  constantly  smaller,  and  the 
ambulacra  appear  to  be  longer  and  the  summit  more  median.  The 

dorsum  is  more  equally  inflated,  and  there  is  no  tendency  to  a  sub- 
conical  form. 

Anguilla. 

6.  ECHINOLAMPAS  OVTTM-SEEPEN-TIS,  SpCC.  UOV.       PL  XIX.  figS.  4-6. 
Test  oval,  subcylindrical  or  nearly  circular,  wider  behind  than 

before,  slightly  rostrated  anteriorly  and  truncate  posteriorly,  some- 
times having  a  tendency  to  become  polygonal;  ambulacra  raised, 

petaloid,  open  at  the  ends,  extending  nearly  to  the  tumid  margins, 
the  pores  connected  by  an  oblique  groove ;  base  convex,  except 
towards  the  mouth,  where  it  becomes  somewhat  concave ;  dorsum 
rather  evenly  convex ;  ambulacral  summit  subcentral ;  anus  small, 
circular,  situate  between  the  peristome  and  the  margin,  much  nearer 
to  the  latter  than  to  the  former. 

This  seems  to  be  an  extremely  variable  species,  both  as  to  general 
shape  and  as  to  the  form  of  the  mouth.  It  is  distinguished  from  the 
preceding  by  its  small  circular  vent  and  wider  ambulacra.  The 
mouth  is  usually  subpentagonal,  but  occasionally  becomes  transversely 
oval.  Some  examples  which  approach  the  circular  form  have  a 
tendency  to  become  subconical. 

San  Fernando,  Trinidad. 
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7.  EcHiNONEus  cYCLOsTOMus,  Leske. 

The  very  wide  geographical  distribution  of  this  echinoderm  prepares 
us  to  expect  to  find  it  in  a  fossil  state.  It  seems,  however,  to  have 
been  rare  in  the  Miocene  period,  compared  with  Echinolampas  lyco- 
persicus  and  JSchizaster  Scillce. 

Anguilla.     The  single  example  I  obtained  is  very  small. 

8.  ScHizASTER  SciLL^,  Desmoulius. 

Anguilla.     Rather  common.     It  is  also  found  in  the  Maltese  beds. 

9.  Brisstjs  dimidiatus,  Agassiz. 

Found  in  Anguilla.  The  fossil  is,  if  I  have  correctly  determined 
it,  identical  with  the  species  living  in  the  adjoining  seas.  It  is  very 
rare  as  a  fossil  at  Anguilla. 

EXPLANATION  OF  PLATE  XIX.  figs.  4-8. 

{Illustrative  of  West-Indian  Tertiary  Echinoderms.) 

Figs.  4a,  46.  Echinolampas  ovum-serjpentis,  Gruppy.     Natural  size. 
6.   .     A  small  example,  showing  the  position  of  the  vent 

and  pentagonal  mouth.     Natural  size. 
6.   .     A  circular  form  with  ovate  transverse  mouth.     Na- 

tural size. 

7.       semiorhis,  Guppy.     One-half  the  natural  size. 
8.       lycopersicus,  Gruppy.     Natural  size. 

4.   On  the  Afmnities  of  Platysomus  and  allied  Genera.     By  John 
Young,  M.D.,  F.G.S.,  of  the  Geological  Survey  of  Great  Britain. 

(Communicated  by  Professor  Huxley.) 

[Plates  XX.  &  XXI.] 

The  genus  Platysomus,  as  defined  by  Agassiz,  and  placed  by  him 
among  the  heterocercal  Lepidoids  with  flat  broad  bodies,  contains 
forms  which  cannot  be  included  under  the  definition  he  has  given. 
The  imperfect  materials  from  which  his  descriptions  were  drawn 
up  have  since  been  supplemented  by  abundant  well-preserved  speci- 

mens, whence  it  is  comparatively  easy  to  fill  up  the  masterly  outline 
he  has  sketched  in  the  '  Poissons  Fossiles.' 

The  first  change  in  the  classification  of  the  group  to  which  Platy- 
somus belongs  was  proposed  by  Sir  P.  G.  Egerton  (Quart.  Journ. 

Geol.  Soc.  v.).  The  occurrence  in  a  mandible  of  PI.  macrurus,  Ag., 
of  teeth  with  a  blunt  conical  crown  and  constricted  neck,  and  the 
discovery  of  the  true  nature  of  the  apophyses  (compared  by  Agassiz 

to  the  Y-shaped  bones  of  Clupea),  suggested  the  affinity  of  that 
species  to  the  Pycnodonts,  to  which  family,  therefore.  Sir  Philip  re- 

ferred the  whole  genus,  and  along  with  it  Globulodus,  Miinst., 
whose  relation  to  Platysomus,  Agassiz  had  previously  suspected. 

This  change  Agassiz  accepted.     But  the  '*  dents  en  brosse  "  mentioned 
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in  the  generic  definition  (Poiss.  Foss.  ii.  p.  6)  and  in  the  description 
of  PI.  gibbosus  (ibid.  ii.  p.  165)  are  not  Pycnodont  but  Lepidoid 
(=Lepidosteid).  The  former  family  was  thus  made  to  include  two 
distinct  types  of  dentition,  associated,  as  will  appear,  with  equally 
distinct  osteological  characters.  ThioUiere  in  a  remarkable  paper 

"  On  the  Jurassic  Fossil  Fish  of  Bougey  "  (BuU.  Soc.  Geol.  France,  1858, 
XV.  p.  372)  alludes  to  the  vagueness  of  the  definition  of  the  Pyc- 

nodont family,  whence,  he  thinks,  should  be  excluded  Platysomus, 
Tetragonolepis,  Phyllodus,  &c.,  whose  reference  to  that  natural  group 

is  based,  he  says,  "  on  insufficient  or  deceptive  analogies."  Cocchi 
has  since  (Nuova  Famigha  di  Pesci  Labroidei,  1865)  given  good 
reasons  for  removing  Phyllodus  to  the  Labroidei.  The  place  of  Te- 
tragonolepis  is  undoubtedly  among  the  Lepidosteidce. 

Professor  Huxley  having  kindly  given  me  access  to  the  specimens 
under  his  care,  specimens  obtained  for  the  most  part  by  Mr.  Moly- 
neux  of  Burton-on-Trent,  I  have  had  very  favourable  opportunities 
for  studying  the  genus  Platysomus.  I  am  also  indebted  to  Mr. 

"Ward  of  Longton,  and  Mr.  Garner  of  Stoke-on-Trent  for  the  libe- 
rality with  which  they  lent  for  examination  many  nearly  perfect 

specimens  from  their  cabinets,  and  to  Mr.  Davis  for  his  assistance 
when  examining  those  in  the  National  collection. 

The  Pycnodont  family  is  characterized  by  teeth  adapted  for 
crushing,  which  consist  of  a  circular  or  transversely  oval  crown, 
flattened  above,  and  sessile  on  the  bone  to  which  it  is  attached ;  or 
of  an  obtusely  conical  crown  which  is  broader  than  its  peduncle  of 

support. 
The  teeth  in  the  Carboniferous  genera  which  form  the  subject  of 

this  paper  present  three  types ;  1st,  the  sharply  conical  tapering 
teeth  common  to  most  Lepidosteids ;  2nd,  the  blunted  cones  with 
constricted  necks ;  and  3rd,  a  series  of  dental  tubercles  of  peculiar 
ultimate  structure. 

To  the  species  presenting  the  former  type  of  dentition,  I  propose 
to  restrict  the  generic  name  Platysomus.  The  genera  presenting 
the  second  type  are,  equally  with  the  former,  but  in  a  different  di- 

rection, transitional  to  the  Lepidosteidce ;  while  the  genus  Amphi- 
centrum,  mihi,  in  which  the  dental  tubercles  occur,  is  distinct  from 

the  Lepidosteids  on  the  one  hand,  and,  on  the  other,  from  the  Pyc- 
nodonts  properly  so  called. 

Platysomus,  Agassiz,  partim. 

Body  flat,  broad.  Head  triangular,  higher  than  long ;  snout 
sharply  angular.  Premaxilla  small ;  maxilla  in  a  single  piece ; 
mandible  slender,  spatulate ;  all  three  bones  armed  with  fine,  conical, 
sharp  teeth.  Branchiostegal  rays  few,  enamelled.  Interopercular 
wanting.  No  ventral  fins.  Dorsal  and  anal  fins  opposite;  their 
bases  extended,  and  nearly  equal  in  length.  Tail  heterocercal,  equi- 
lobate.  Scales  oblong,  vertically  striated,  with  moderately  strong 
lepidopleura.  The  marginal  scales  anterior  to  the  opposite  fins, 
more  or  less  modified.     Notochord  persistent ;  arches  ossified. 

The  genus  thus  defined  includes  PI.  gibbosus,  rhombus,  striatus  (?), 
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and  parvulus.  PI.  parvus  has  been  merged  by  King  (Permian 
Possils)  in  PI.  striatus ;  PI.  intermedins ,  Miinst.,  by  Geinitz  in  PI. 
gihhosus ;  and  PI. Fuldai,  Miinst.,  by  the  same  author,  in  PI.  macrurus. 

Platysomtjs  pakvulfs,  Ag. 

Body  with  a  gentle  ventral  convexity ;  the  dorsal  highest  point  an- 
gular, anterior  to  the  middle  of  the  back.  The  nuchal  margin  nearly 

in  a  line  with  the  slope  of  the  face.  Head  triangular ;  its  length  equal 
to  one-fourth  of  that  of  the  body.  Orbits  of  moderate  size  and  close 
to  the  upper  margin  of  the  head.  Jaws  armed  with  slender  conical 
teeth,  those  in  the  lower  slightly  larger  and  more  distant  than  those 
in  the  upper  jaw.  Facial  and  opercular  bones  vertically  striated ; 
cranial  bones  and  mandibles  finely  tuberculated.  Pectoral  arch 
moderately  strong;  fin  with  narrow  base,  and  expanded  rounded 
extremity.  The  dorsal  commences  at  or  behind  the  middle  of  the 
back,  slightly  in  front  of  the  anal,  and  terminates  opposite  the  latter 
at  the  caudal  root ;  the  anterior  rays  are,  in  both,  the  longest,  the 
others  abruptly  shorten  and  maintain  nearly  the  same  length  back- 

wards; the  former  bifurcate  only  at  their  extremities,  the  latter 
divide  repeatedly,  forming  a  fine  fringe.  Tail  heterocercal,  equilo- 
bate.  The  anterior  margins  of  all  the  fins  are  protected  by  fine 
fulcral  scales  ;  the  nearly  square  articles  of  the  rays  are  covered  by 
striated  scales.  The  scales  are  oblong,  higher  than  broad,  they 
diminish  in  size  towards  either  margin  of  the  body  and  towards  the 
tail.  They  are  ornamented  by  parallel  vertical  striae,  which  are 
rather  more  than  their  own  breadth  apart,  and  have  their  crests 
finely  tuberculated.  The  lepidopleura  continue  distinct  as  far  as 
the  root  of  the  tail,  whose  upper  lobe  is  covered  by  a  single  series  of 

large  pointed  ridge- scales.  The  upper  and  lower  edges  of  the  body, 
anterior  to  the  opposite  fins,  are  also  protected  each  by  a  single  row 
of  small  scales,  modified  into  smooth  tubercles,  which  support  small, 
usually  recurved,  denticles :  of  these  there  are  generally  four  on  each 
ventral,  and  three  on  each  dorsal  tubercle.  With  these  tubercles 
the  lepidopleura  are  connected  above  and  below.  The  lateral  line 
is  nearest  the  dorsum,  towiirds  which  it  is  gently  arched  in  front, 
terminating  at  the  upper  angle  of  the  operculum. 

Plattsomus  pakvultts,  var. 

The  body  is  more  oval  than  in  the  typical  form  above  described, 
its  greatest  depth  is  marked  by  no  angular  dorsal  peak.  The  caudal 
pedicle  is  longer.  The  striae  on  the  scales  are  finer,  barely  their 
own  width  apart,  and  their  crests  are  smooth. 

The  species  was  founded  by  Agassiz  on  specimens  at  Leeds,  but 
was  not  described  by  its  author.  My  reference  to  it  of  the  numerous 

specimens  from  the  IS'orth  Staff'ordshire  Coal-field  is  confirmed  by 
Prof.  W.  C.  Williamson,  who,  in  his  valuable  memoir  "On  the 
structure  of  Scales  and  Teeth,"  communicated  to  the  Eoyal  Society 
in  1849,  describes  the  scales  of  PI.  parvulus  as  "  covered  with  deep 
grooves  and  intervening  ridges  running  nearly  parallel  with  the  long 
axis  of  the  scale  which,  as  in  Gyrodus,  really  represents  its  breadth: 
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[=heiglit?],  and  is  at  right  angles  to  the  direction  of  the  lateral 
line  of  the  fish." 

Figs.  1-4. — Diagrammatic  restorations  of  the  heads  of  (1.)  Amphicen- 
trum,  (2.)  Platysomus,  (3.)  ̂ chmodus,  and  (4.)  Pycnodus 
{after  ThioUihre), 

Fiff.  1, 
Fig.  3. 
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Figure  2  is  a  diagrammatic  restoration  of  the  stmcture  of  the 
head  of  Platysomus.  The  occipital  crest  rises  from  a  narrow  bone 
(S.O.),  lodged  between  the  square  parietals  (Pa.),  and  connected  in 
front  with  the  frontals  (Fr.),  which,  broader  behind,  narrows  in 
front,  receiving  in  its  outer  excavated  margin  two  bones,  which  com- 

plete the  orbital  circle  superiorly.  The  posterior  of  these  (P.Fr.) 
extends  to  the  parietals  and  thus  represents  a  united  postfrontal 
and  squamosal  (mastoid,  Cuv.).  The  anterior  frontal  (A.  Fr.)  dips 
down,  and  gives  insertion  to  the  narrow  suborbital  chain  which  is 
attached  behind  to  the  P,  Fr.     The  anterior  frontals  of  opposite  sides 



1866.]  YOUNG — PLATYSOMrS.  305 

are  separated  for  great  part  of  their  length  by  the  frontals,  the  remain- 
ing space  being  occupied  by  the  ethmoid,  a  small  bone  (Mh.)  which 

separates  the  upper  ends  of  the  nasals  {Na.),  two  narrow  elongate 
bones,  in  contact  for  great  part  of  their  length,  and  received  into 
notches  of  the  ascending  premaxillary  processes.  The  upper  end  of 
each  nasal  is  dilated  into  a  process  separated  by  a  notch  from  the  A. 
Fr.,  and  forming  the  inner  wall  of  the  nasal  aperture,  whose  outer 
boundary  was  either  a  suborbital  bone,  or  was  formed  by  the  vertical 
portion  of  the  maxilla.  The  narrow  premaxillaries  {Pma\)  give  oif 
ascending  plates  of  considerable  relative  breadth  and  height,  receiving 
superiorly  the  lower  end  of  the  nasal  bones.  The  maxillary  over- 

laps the  upper  mandibular  margin  behind,  and  rises  above  to  a 
right-angled  triangle,  whose  apex  is  at  the  premaxilla.  The  spatu- 
late  mandible  (Mn.)  is  shorter  and  stouter  than  that  of  Palceoniscus, 
which  it  much  resembles.  The  teeth  are  perfectly  smooth.  The 
suspensorium  forms  a  solid  bar,  never  shares  in  the  dislocations 
which  have  made  clear  the  other  head-bones.  It  consists  seemingly 
of  a  hyomandibular  {Hy.),  preopercular  {Pr.O.),  and  quadrate  {Qu.). 
If  a  symplectic  were  distinct,  its  structure  would  coincide  with  that 
of  living  Teleostei.  At  a  point  corresponding  to  the  upper  edge  of 
the  quadrate,  traces  of  the  hyoid  articulation  are  frequently  seen. 
Along  the  anterior  margin  of  this  bar  two  triangular  plates  are 

applied,  the  lower  is  evidently  the  slightly  expanded  quadi^ate  ;  the 
upper,  part  of  the  palato-pterygoid  arch.  It  is  overlapped  and 
apparently  in  close  union  with  the  maxillary  vertical  plate,  by  which 
the  other  members  of  the  arch  are  concealed,  but  above  whose  mar- 

gin a  long  irregular  plate  appears,  which,  coming  as  it  does  into 
relation  with  the  anterior  frontal,  is  doubtless  the  edentulous  palate- 
bone  {PL).  The  operculum  {Ojj.),  shorter  but  as  broad  as  the 
suboperculum  (S.Op.),  is  attached  to  the  hyomandibular,  and  the 
latter  to  the  posterior  frontal,  thus  proving  the  squamosal  nature  of 
that  bone.  No  remains  are  preserved  of  the  inferior  cranial  bones, 
which  were  probably  cartilaginous.  A  bar  of  bone  answers  in  posi- 

tion to  the  basisphenoid,  but  is  very  imperfect,  and  wants  any 
sphenoidal  expansions.  The  vomer  is  rarely  seen,  but,  in  a  specimen 
of  PI.  gibhosus  (Brit.  Mus.  28279.),  is  provided  with  a  fine  brush  of 
teeth.  As  many  as  four  similar  tufts  occur  in  the  Staffordshire 
specimens,  so  as  to  suggest  their  pharyngeal  position,  but  the  bran- 

chial arches  are  invariably  wanting.  The  numerous  occipital  plates 
of  Lepidostevs  are  not  represented  unless  by  some  large  seale-Hke 
plates,  which  are  probably  nuchal,  not  cranial.  The  small  suprasca- 

pular (S.Sc.)  is  distinct. 
The  rest  of  the  body  presents  no  points  in  addition  to  those  already 

noted  by  Agassiz,  save  that  there  is  no  evidence  for  the  existence  of 
a  ventral  fin.  Indeed,  perfect  specimens  demonstrate  its  absence,  and 
thus  furnish  a  valuable  diagnosis  from  the  Pycnodonts  which  have  it. 

The  range  of  the  genus  is  from  the  Coal-measures  to  the  top  of  the 
Permian.  PI.  striatus  is  the  only  species  common  to  both  periods 
and  to  England  and  Germany,  a  specimen  from  Derbyshire  being  in 
the  Jermyn  Street  Collection. 
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Amphicenteum,  nov.  gen.  PI.  XX. 

Body  flat,  broad,  prolonged  into  peaks,  a  dorsal  and  ventral  pro- 
tected by  indurated  scales  :  the  depth  of  the  trunk  thus  exceeds  its 

length.  The  prolongation  into  the  upper  caudal  lobe  is  short,  and 
tapers  rapidly.  Head  triangular,  nearly  equilateral.  Premaxilla 
very  large,  edentulous.  Maxillae  and  mandibles  very  strong:  the 
opposed  surface  of  each  presents  two  ridges,  on  which  are  inserted 
dental  plates  raised  into  distant  tubercles  ;  their  substance  is  tra- 

versed by  large  medullary  canals,  which  reach  the  surface  of  the 
tooth,  terminatiug  there  in  fine  pores.  The  palato-vomerine  area  is 
occupied  by  a  pair  of  plates  bearing,  each,  three  longitudinal  rows  of 
alternating  dental  tubercles  like  those  of  the  jaws.  Branchiostegal 
rays  few,  enamelled,  not  projecting  below  mandible,  covered  by  an 
interopercular.  No  ventral  fin :  dorsal  opposite,  and  longer  than 
anal.  Tail  heterocercal,  equilobate.  Scales  oblong,  ornamented,  like 
head-bones,  with  tubercles.  Lepidopleura  very  strong,  terminating 
inferiorly  in  modified  marginal  tubercles;  notochord  persistent,  arches 
well  ossified. 

A.  GRANULOSUM,  Huxlcy. 

This  genus  is  founded  on  a  large  number  of  specimens,  all  from 
the  North  Staffordshire  Coalfield. 

The  general  arrangement  of  the  head-bones  (fig.  1)  resembles  that 
of  Platysomus,  the  distinctions  in  detail  are.  however,  well  marked. 
The  occipital  crest  is  bounded  by  two  parietals.  The  frontal  is  very 
broad :  the  anterior  and  posterior  frontals  are  massive,  and  project 
well  over  the  orbit.  Behind  the  latter,  separating  it  from  the  pari- 

etal, is  a  strong  plate  {Sq.),  the  true  squamosal,  giving  attachment 
to  the  suspensorium.  The  posterior  frontal  thus  receives  only  the 
hinder  end  of  the  suborbital  arch.  The  frontal  and  anterior  frontal, 

are  both  received  on  the  broad  end  of  the  hour-glass  bone  (Eth.) 
which  abuts  against  the  premaxillae,  a  pair  of  massive  elongated 
edentulous  bones  forming  a  strong  beak :  its  outer  surface  is  tuber- 
culate  above,  but  near  the  tip  covered  with  compact  and  smooth 
ganoin.  The  nasals  are  thrust  out  laterally,  and  applied  against  the 
ethmoid,  the  nasal  apertures  being  completed  externally  by  a  plate 
from  the  suborbital  ring,  which  is  analogous  to  a  lachrymal  in  many 
Teleosteans.  The  vertical  upper  portion  of  the  maxillary  (PI.  XX. 
fig.  2)  bulges  below  into  an  abruptly  projecting  labial  mass,  whose 
oral  margin  forms  a  ridge  separated  by  a  shallow  groove  from  an 
inner  ridge.  Seen  from  below,  this  groove  terminates  sharply  behind 
by  the  approximation  of  the  outer  and  inner  ridges :  but  is  closed  in 
front  by  the  premaxilla.  On  the  outer  ridge  the  dental  tubercles 
are  few :  on  the  inner,  which  is  more  prominent,  they  are  more 
numerous,  less  so  however  than  on  the  mandible  (PI.  XX.  fig.  4.), 
which  is  the  converse  of  the  maxilla,  in  that  the  ridges  approximate 
in  front  (the  tubercles  ceasing  before  their  coalescence),  while  the 
groove  is  open  posteriorly:  the  outer  ridge  is  also  the  more  prominent. 

To  the  naked  eye,  and  even  under  the  lens,  no  line  can  be  detected 
between  the  substance  of  the  tubercles  and  that  of  the  jaw.     Under 
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the  microscope^ ,  however,  transverse  slices  of  the  jaws  show  that 
the  two  ridges  are  made  up  of  dentine,  and  are  connected  by  a  thin 
layer  of  the  same  substance  which  floors  the  intervening  groove. 
The  whole  plate  thus  constituted  is  lodged  in  an  alveolus,  whose  thin 
margins  overlap  the  base  of  the  dental  plate,  covering  the  pseudo- 
enamel  or  cement  layer  which  invests  that  portion  of  the  plate. 
The  dentine  is  very  finely  granular,  and  traversed  by  medullary 
canals,  which  are  most  divergent  in  the  centre  of  the  tubercles.  These 
canals  bifurcate  once,  seldom  twice,  and  never  anastomose.  The 
branches  reach  the  surface  of  the  dentine,  and  there  terminate  in 

funnel-shaped  pits,  similar  to  those  by  which  they  open  into  the 
pulp-cavity.  Each  canal  is  surrounded  by  an  areola  of  darker  colour 
than  the  intervening  clear  dentinal  space.  This  areola  is  narrow  in- 
feriorly,  but  its  area  soon  exceeds  that  of  the  canal,  and  maintains 
this  proportion  to  the  surface.  The  areola  is  made  of  tubes  which 
come  off  at  right  angles  to  the  canals,  form  a  fine  network,  and,  at 
the  margin  of  the  areola,  give  off  finer  tubes,  which  traverse  the  den- 

tine in  an  obliquely  upward  direction,  anastomosing,  without  inter- 
vening dilatations,  with  the  similar  tubes  from  adjacent  canals,  so 

as  to  form  a  network,  whose  interspaces  are  diamond-shaped.  In 
consequence  of  this  upward  direction  of  these  fine  tubes,  a  triangular 
space  is  left  between  the  bases  of  the  canals,  which  is  traversed  by 
vertical  tubes  springing  directly  from  the  pulp-cavity.  The  canals  of 
the  dentine  which  floors  the  median  groove  are  only  half  the  diameter 
of  those  in  the  tubercles :  they  are  close-set,  and  connected  either 
directly,  or  by  the  intervention  of  branches  which  pass  for  the 
most  part  at  a  low  angle  from  the  canals.  The  areola  is  narrow : 
the  tubules  of  the  clear  space  are  larger  than  in  the  tubercles,  and 
form  a  less  angular  network.  These  differences  in  the  proportions 
of  the  parts,  differences  rather  of  degree  than  kind  of  structure, 
commence  abruptly  on  either  side  of  a  vertical  line  which  may  be 
drawn  from  the  point  where  the  tubercle  begins  to  rise  above  the 
plane  of  the  groove.  At  the  outer  inferior  angle  of  the  base  of  the 
dental  plate,  but  not  encroaching  on  the  surface  which  is  turned 
towards  the  substance  of  the  jaw,  a  layer  of  bony  tissue  commences 
as  a  thin  investment,  which  rapidly  thickens  upwards,  and  appears 
above  the  alveolar  margin,  it  also  occupies  a  part  of  the  surface  of 
the  median  groove.  Its  further  extension  towards  the  apex  of  the 
tubercles,  or  its  replacement  by  a  thin  enamel  layer,  of  which  only 
fragments  survive,  cannot  be  ascertained;  the  extreme  brittleness 
of  the  specimens  prepared  for  the  microscope  having  rendered  the 
process  of  grinding  unusually  difiicult.  The  pseudo-enamel,  or 
cement,  is  divisible  into  three  lamellse,  a  clearer  separating  two  dark 
layers  ;  all  these  are  more  granular  than  the  dentine.  The  under 
surface  is  projected  into  conical  processes,  which  fit  into  the  terminal 
infundibula  of  the  medullary  canals.  The  tubes  given  off  from  these 
canals  enter  the  deepest  layer  of  the  cement  in  which  they  form  a 
network  of  equal-sized  tubes  :  this  network  invades  part  of  the  clear 

*  The  details  of  this  interesting  dentitional  type  are  reserved  for  fuller  de- 
scription and  illustration. 
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layer,  in  whose  upper  portion  it  breaks  up  into  a  series  of  fine  taper- 
ing, anastomotic  tubules,  which  seem  to  open  on  the  outer  surface. 

The  bone  on  which  this  dental  plate  rests  presents  the  usual  lami- 
nated structure  in  its  deeper  portions.  Towards  its  alveolar  surface 

the  lacunae  enlarge,  and  become  more  spherical:  medullary  canals 
make  their  appearance,  and  increase  both  in  number  and  size  up- 

wards, the  bone  occupying  a  progressively  smaller  area  as  compared 
with  that  of  the  canals.  Into  each  of  these  canals  seldom  more  than 

one  of  those  of  the  dental  plate  open,  the  intervening  dentine  resting 
on,  but  not  being  continuous  with,  the  osseous  septa.  The  same  modi- 

fication of  structure  as  may  be  traced  from  above  downwards  in  the 
jaw,  is  found  to  occur  towards  either  alveolar  margin :  the  medullary 
canals  disappear,  the  lacunae  become  fusiform,  and  at  length  merely 
separate  laminae  of  compact  bone,  which  shghtly  overlaps  the  lower 
lateral  angle  of  the  base  of  the  plate. 

The  osseous  matrix  is  thin  in  proportion  to  the  height  of  the  tooth. 
The  surface  vertically  opposite  the  intertubercular  groove  is  very 
irregular,  while  the  imperfect  section  of  the  maxillary  vertical  plate 
shows  that  it  did  not  increase  in  thickness  inferiorly.  The  maxilla 
was  therefore  L-shaped.  It  is  evident  that  a  dental  plate  so  con- 

structed is  unequal  to  the  crushing  indicated  by  the  tubercular  teeth. 
The  palato-vomerine  plates  are  also  weak  for  the  work  for  which 
they  are  adapted.  It  can  scarcely  be  held  that  the  thinness  of  the 
jaws  is  due  to  the  loss  of  an  articular  plate  in  the  mandible,  or  of 
any  part  of  the  maxilla.  It  seems  more  probable  that,  as  the  incom- 

pleteness of  the  basicranial  structures  points  to  their  cartilaginous 
condition  during  life,  so  the  three  tooth-bearing  bones  are  incomplete 
by  the  loss  of  the  cartilaginous  cushions  on  which  they  rested.  That 
the  premaxilla  also  received  some  similar  support,  is  probable  from 
its  fracture  showing  a  thick  outer  case  of  bone,  inclosing  an  interior 
hoUow. 

This  whole  masticatory  apparatus  is  very  complex  in  its  morpho- 
logical relation.  The  jaw-plates  bear  some  resemblance  to  those  of 

Chimaeroid  fishes,  especially  Edapliodon,  in  which  the  tooth  is 
socketed  in  a  jaw  of  ordinary  osseous  tissue  ;  but  the  medullary 
canals  of  that  genus  are  much  larger,  and  become  closed  superiorly 
by  calcification.  In  Cestracion  the  calcigerous  tubes  come  off  as  in 
Am^hicentrum,  but  are  lost  in  the  superficial  dense  layer.  Prom 
Pycnodonts,  the  socketing  of  the  teeth  of  Am^phicentrum,  the  thin- 

ness of  the  enamel  layer,  the  presence  of  a  cement  layer,  and  of 
medullary  canals  are  sufiicient  distinctions.  To  Psammodus  and 
Ptychodus  the  resemblance  of  the  dental  plates  is  closer.  In  both 
these  genera,  however,  the  canals  are  smaller,  more  numerous, 
branch  more  freely,  and  terminate  by  breaking  up  into  tufts  of  cal- 

cigerous tubes,  whereas  in  Amphicentrum  no  such  breaking  up 
occurs.  In  the  latter,  again,  the  ossified  dentine  is  separated  from 
the  osseous  matrix ;  in  the  former  the  two  structures  are  continuous. 

The  pharyngeal  teeth  of  Sargus  and  the  teeth  of  Sargodon  also  offer, 
in  their  mode  of  attachment  and  in  their  minute  structure,  resem- 

blances to  the  genus  under  description,  which  are  further  made  in- 
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teresting  by  the  jaw-teeth  of  the  living  genera  having  some  common 
characters  with  those  of  Pycnodus.  The  pharyngeal  denticles  are 
implanted  in  a  matrix  of  widely  cancellated  bone,  which  becomes 
dense  and  lunular  towards  its  alveolar  borders.  The  ossified  dentine 

is  distinct  from  the  matrix,  and  is  not  divided  into  enamel  and  den- 
tine, the  outer  layer  being  simply  a  portion  of  the  tooth-substance, 

in  which  the  calcigerous  tubes  form  a  fine  reticulation.  If  several 
of  these  denticles  were  continuous  in  place  of  contiguous,  the  dental 
plates  of  Amphicentrum  would  be  reproduced. 

Lying  in  the  wide  gape  of  the  large  specimen  figured  are  two  nar- 
row plates,  the  one  in  cast  only,  the  other  the  plate  itself  (PI.  XX. 

fig.  7).  On  the  latter  are  three  longitudinal  rows  of  alternate 
teeth,  those  of  the  lateral  rows  not  opposite  each  other,  but  alter- 

nate, hence  giving  the  transverse  series  a  spiral  aspect.  The  plate 
is  not  entire,  its  limits,  therefore,  are  indeterminable.  It  is  slightly 
curved  anteriorly,  the  straight  posterior  part  containing  the  larger 
teeth.  These  are  longitudinally  oval,  evenly  curved  in  both  axes, 
the  smaller  teeth  are  spherical.  Their  surface  is  studded  with  fine 
granular  pits,  as  in  Psammodus.  Under  a  lens  the  tubercles  are 
structurally  identical,  and  seemingly  continuous  with  the  interven- 

ing plate,  than  which  they  have  a  more  vitreous  aspect,  as  if  a 
denser  enameUoid  layer  invested  their  surface.  They  are,  in  fact, 
to  outward  appearance  the  counterparts  of  the  maxillary  and  man- 

dibular apparatus:  it  is  to  be  regretted  that  of  this  structure  no 
microscopic  section  can  be  obtained.  The  plate,  whence  the  tubercles 
spring,  is  very  thin,  |^th  of  an  inch  in  thickness ;  the  under  surface 
is  set  with  fine,  distant,  conical  pits,  to  judge  by  the  cast  exposed 
on  the  shale.  The  resemblance  to  the  jaws  is  therefore  considerable, 
in  the  thinness  of  the  osseous  layer  and  irregularity  of  its  under 
surface.  The  anatomical  value  of  this  plate  is  not  quite  clear.  As 
no  bone  corresponding  to  the  edentulous  plate  in  Platysomus  is  found, 
these  two  curved  dental  plates  may,  with  great  probability,  be  taken 
to  represent  the  palato-vom*rine  mass.  As  there  seems  no  reason 
for  considering  the  curvature  accidental,  they  differ  from  the  same 
parts  in  Pycnodus,  in  that  their  inner  margins  were  not  in  contact ; 
the  arch  of  the  palate  was,  therefore,  incomplete,  or  closed  by  mem- 

branes only ;  at  least  there  is  at  present  no  evidence  of  a  central 
series  of  crushing  teeth,  or  of  an  unarmed  bony  plate  closing  the 

gap.  A  specimen  in  Mr.  Ward's  possession  shows  that  the  transverse 
breadth  of  the  head  is  in  agreement  with  the  supposition  that  the 
two  rami  were  apart. 

The  suspensorium  is  very  strong,  descending  nearly  vertically  from 
the  squamosal.  The  close  union  of  the  bones  forbids  any  attempt  to  say 
what  were  the  components  of  the  bar.  A  pterygoid  plate  is  attached 
to  it  anteriorly  and  superiorly ;  but  the  other  constituents  of  the 
palato-pterygoid  arch  are  concealed  beneath  the  maxillary  vertical 
plate.  There  is  an  indication  on  one  specimen,  of  facial  plates  over- 

lying this  vertical  portion,  as  in  Tetragonolepis  and  its  allies,  parts 
in  fact  of  the  so-called  outer  orbital  ring  ;  but,  if  the  surmise  is 
correct,  they  are  in  less  close  relation  to  the  true  suborbital  ring-, 
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and  contrast  very  strongly  in  shape  and  size  with  it.  The  suboper- 
cular  is  the  largest  of  the  three  bones  ;  the  opercular  and  interoper- 
cular  are  nearly  equal ;  the  latter  overlaps  the  branchiostegals,  which 
are  nevertheless  enamelled  externally.  The  suprascapular  is  well 
developed ;  the  pectoral  arch  very  strong,  the  so-called  coracoid  ex- 

panding into  a  wide  oval  process.  The  pectoral  fins  are  higher  than 
usual  above  the  ventral  margin ;  but,  relatively  to  the  opercular 
bones,  they  hold  the  same  place  as  in  the  majority  of  the  rhombic 
fish,  namely,  opposite  the  inferior  margin  of  the  subopercular. 

The  peaks  into  which  both  margins  of  the  body  are  produced  are 
not  opposite :  the  dorsal  being  slightly  in  advance  of  the  ventral. 
They  are  formed  by  a  set  of  gradually  narrowing  scales,  seemmgly 
denser  than  the  rest,  and  ending  in  tolerably  sharp  recurved  points. 
From  these  the  posterior  slopes  are  rapid,  with  feebly  convex  out- 

lines, the  anterior  more  gradual,  straight.  The  scales  are  very  high 
in  proportion  to  their  breadth  on  the  fianks,  and  diminish  both  to- 

wards the  margins  and  the  tail ;  never,  however,  becoming  equilateral, 
save  on  the  upper  caudal  lobe.  The  series  are  nearly  vertical,  thus 
leaving,  anteriorly  to  that  row  skirting  the  opercular  bones,  a  tri- 

angular space,  whose  upper  boundary  is  the  mandible.  In  this  area 
the  scales  are  smaller,  but  longer  than  broad,  and  radiate  from  the 
upper  posterior  corner  of  the  space  to  the  margin  of  the  body.  The 
ornament  consists  of  a  thick  ganoin  layer,  raised  into  partly  confluent 
tubercles,  after  the  fashion  of  PI.  XX.  fig.  5.  In  only  one  specimen 
is  the  evidence  distinct  of  a  modification  of  the  marginal  scales  ;  in 
it  those  of  the  ventral  edge  anterior  to  the  peak  have  their  lower 
ends  denticulate,  but  as  those  denticles  are  attached  to  high  scales, 
there  is  no  single  row,  those  of  opposite  surfaces  alike  contributing 
to  the  outline  of  the  trunk.  The  lepidopleura  are  very  strong,  and 
are  of  the  structure  already  so  well  described  by  Sir  P.  Egerton  {loc. 
cit.).  The  fins  are  made  up  of  rays,  slender  for  the  bulk  of  the 
animal ;  the  articles  are  short,  and  covered  with  ornamented  scales. 
They  bifurcate  successively  near  their  Extremities  into  a  fine  fringe. 
The  anterior  rays  of  the  dorsal  and  anal  are  longer  than  the  rest,  as 
in  Platysomus.  The  anterior  rays  in  all  the  fins  (except  the  pecto- 

rals, whose  defective  state  leaves  this  point  undecided)  are  fringed 
with  a  fine  series  of  fulcral  scales.  Those  on  the  upper  caudal  lobe 
are  a  single  row  of  strong,  triangular,  peaked  scales,  with  a  notched 
posterior  margin.  The  lateral  line  is  straight,  and  passes  obliquely 
upwards  from  the  tail  to  the  lower  opercular  margin. 

Of  the  internal  skeleton  little  can  be  said,  save  that  the  processes 
are  well  ossified,  and  their  vertebral  ends  expanded  so  as  to  approach 
the  half  vertebrse  of  the  Pycnodonts.  The  pelvic  bones  figured  by 
Agassiz  have  not  been  preserved  in  any  specimens  I  have  seen  ;  and 
as  they  are  placed  by  him  in  front  of  the  anal  fin,  it  seems  likely 
that  they  are  in  reality  suggested  by  the  frequent  distortions  of  the 
dorso-ventral  scale-rows  in  that  region. 

Fragments  of  this  genus  are  frequent  in  the  North  Staff'ordshire 
coal-fields  :  they  also  occur,  though  more  sparingly,  in  the  Scottish 
coal-fields,  especially  in  that  of  Lanarkshire. 
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Etjrysomtjs  =  Plattsomus.     Ag.  jpartim. 

This  name  is  proposed  provisionally  for  PI.  macrurus,  since  the 
character  of  its  dentition  removes  it  from  Platysomus  and  Amphi- 
centrum,  with  which  it  shares  the  common  want  of  a  ventral  fin. 
The  scale-character  allies  it  somewhat  to  the  latter  genus.  Not 
having  seen,  however,  the  characteristic  dentition,  I  refrain  from 

offering  any  generic  definition*. 
The  relations  of  these  three  to  each  other  and  to  other  genera  are 

somewhat  complicated.  The  structure  of  the  head  is,  in  all  three, 
strikingly  like  that  of  many  osseous  fishes,  and  illustrates  the  inex- 

actness of  the  group  of  Ganoids,  especially  when  internal  anatomy  is 
not  available  for  purposes  of  classification.  The  palato-pterygoid 
arch,  whose  details  seem  so  well  brought  out  in  the  head  of  Platy- 

somus, is  not  a  little  remarkable  for  the  share  it  takes  in  the  outer 

configuration  of  the  head.  In  fact,  if  the  large  cheek-plates  of  Trigla 
are  removed,  the  head  of  Platysomus  is  presented,  with  the  single 
exception  of  the  maxilla,  which  is  a  narrow  bar  in  place  of  the  ex- 

panded triangular  plate  of  the  fossil.  If  this  plate  is  regarded  as  a 
facial  plate,  and  the  maxilla  restricted  to  the  slender  spatulate  piece 
marked  off  by  a  line  near  its  lower  margin,  the  peculiarity  is  not 
less,  since  a  suborbital  attached  to  the  maxilla  and  premaxilla  (for 
these  two  are  closely  united)  is  equally  remarkable.  The  articulation 
of  the  maxilla  with  the  pterygoid  plates  is  not  quite  certain — they 
overlap  and  are  closely  related  at  least ;  but  even  their  articulation 
could  not  be  regarded  as  wholly  exceptional,  since  it  only  differs 
from  the  similar  arrangement  in  Crocodilia  by  the  absence  of  an  os 
transversum.  To  Trigla  a  further  physiological  resemblance  may  be 
noted.  The  great  size  of  the  buccal  cavity  is  obtained  in  both  by 
the  same  means,  namely,  the  lateral  extension  of  the  palatine  arcade, 
and  in  both  doubtless  has  reference  to  the  predatory  habits  of  the 
animal.  The  head  of  Platysomus  is  narrow,  but  every  available 
space  is  secured  for  the  mouth  by  the  tenuity  of  the  pterygoid  appa- 

ratus ;  in  fact,  only  the  thickness  of  these  bones  is  to  be  subtracted 
from  the  transverse  measurement  to  give  the  entire  space  available 
for  food.  In  Amphicentrum,  on  the  other  hand,  the  hard  food,  to 

whose  attrition  the  tubercle -teeth  are  adapted,  required  less  space;  or, 
more  correctly,  required  closer  approximation  of  the  crushing  sur- 

faces. Hence  the  broader  jaws,  low -set  palate  and  contracted  cavity, 
though  the  gape  is  wider  than  in  Platysomus.  In  this  genus,  there- 

fore, the  palato-pterygoid  arcade  recedes  from  the  surface  of  the 
head,  and  is  concealed  by  a  covering  of  skin,  or  possibly  by  the  de- 

velopment of  membrane-bones.  In  no  point  is  the  difference  of  the 
two  genera  more  striking  than  in  the  maxilla ;  and  the  light  which 
that  bone  in  AmpJiicentrum  throws  upon  the  anatomy  of  Pycnodus, 
gives  it  peculiar  interest.  In  Platysomus  it  is  as  in  Paloeoniscus  and 
other   Lepidosteids — a  single  thin  bone  with  small  laniary  teeth, 

*  The  scale-ornament  of  PI.  striatus  manifests,  in  many  specimens,  a  tendency 
to  the  granular  form.  The  figure  substituted  for  that  of  this  species  in  the 

'  Poiss.  Fossiles,'  pi.  17,  is  accompanied  by  no  description  of  the  conical  teeth 
figured.     In  the  meantime,  therefore,  it  must  remain  among  the  Platysomi. 
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contrasting,  therefore,  with  the  crushing-plates  of  Amphicentrum. 
In  Pycnodus,  Thiolliere  denies  the  existence  of  a  maxillary,  and  finds 
the  analogue  of  the  upper  jaw  in  the  palato -vomerine  rows  of  crushing 

teeth.  "Wagner  had  figured,  but  not  identified,  a  triangular  plate whose  forward  attachment  is  in  the  premaxillary  region.  This, 
Thiolliere  regards  as  a  suborbital  only,  it  would  seem,  on  the  ground 
that  its  overlapping  the  prominent  lateral  mandibular  teeth  presents 
difiiculties  ;  in  his  view,  therefore,  the  palato-vomerines  were  naked. 
Heckel*  describes  a  specimen  in  which  he  finds  a  fragment  of  a 
maxilla.  It  is  to  be  supposed,  therefore,  that  he  regards  this  as 
distinct  from  the  bones  bearing  the  superior  mass  of  tritors.  Am- 
/pMcentrum  gives  the  explanation  of  the  arrangement:  the  outer 
crest  of  the  mandible  is  the  higher  of  the  two,  and  is  external  to 
the  inner  maxillary  crest,  that,  namely,  which  supports  the  denti- 

cles. Doubtless  the  palatal  plates  were  attached  to  the  maxilla, 
the  latter  having  no  free  motion,  as  in  most  fish.  Here,  therefore, 
the  same  difficulty  is  present  as  in  Pycnodus ;  but  the  overlap  of  the 
mandible  by  the  labial  flap  of  the  maxilla  is  unquestionable.  The 
triangular  plate  in  Pycnodus  becomes,  then,  the  simplest  form  of 
maxilla,  an  edentulous  mobile  plate  covering  in  the  oral  cavity  late- 

rally. In  Amphicentrum,  therefore,  the  overlap  is  greater  in  degree 
than,  but  similar  in  kind  to,  that  partially  developed  in  AecJimodus, 
Dapedius,  and  Tetragonolepis.  From  the  Pycnodonts  Amphicentrum 
is  separated  by  the  absence  of  teeth  in  the  premaxillary  and  preman- 
dibular  regions,  which  rather  resemble  beaks  than  the  same  parts  in 
ordinary  fishes f-  The  smaller  gape  and  coincident  change  in  place 
and  direction  of  the  opercular  apparatus  further  separate  them,  as 

wiU  be  seen  from  ThioUiere's  restoration  (fig.  4),  which  I  believe 
to  be  correct,  so  far  as  the  less  perfect  specimens  in  this  country 
enable  me  to  judge.  If  to  this  be  added  the  absence  of  a  ventral  fin 
in  Amphicentrum,  and  the  less  development  of  its  vertebral  arches, 
the  data  seem  sufficient  to  justify  the  reference  of  this  genus  to  a 
family  distinct  from,  yet  allied  to,  the  Pycnodonts,  and  linking  it 
with  the  Lepidosteids. 

Comparison  with  ̂ chmodus,  as  the  type  of  that  group  whose 
association  with  the  Pycnodonts  Thiolliere  justly  condemns,  shows  a 
divergence  even  more  considerable  than  from  Pycnodus,  as  will 
appear  from  the  restoration  (fig.  3),  and  from  the  characters  of  the 
teeth  (Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  274,  vol.  x.  p.  367).  For 
not  only  are  the  number  and  arrangement  of  the  head-bones  differ- 

ent, but  the  structure  and  mode  of  articulation  of  the  scales  separate 
this  and  allied  genera  from  Pycnodus  further  than  the  latter  is  re- 

moved in  these  points  from  Amphicentrum. 
The  Pycnodont  affinities  of  PZ.  macrurus=Eurysomus,  mihi,  being 

*  Sitzungsberichte  der  k.-k.'  Akad.  der  Wissenschaften,  Math.-nat.  Classe, 
vol.  xii.  1854,  p.  433. 

t  The  great  height  of  the  premaxillary  ascending  processes,  relied  on  as  evi- 
dence of  the  mobility  of  the  muzzle,  is  here  associated  with  rigidity  of  the  whole 

oral  structures,  and  even  in  Plat^somus  the  constant  connexion  of  premaxillaries 
and  maxillaries  in  dislocated  examples  suggests  that  in  that  genus  also  the  pro- 

trusion of  these  parts  was  very  limited. 
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accepted  on  the  authority  of  Sir.  P.  Egerton,  enough  has  been  said 
to  prove,  as  I  think,  not  only  the  distinctness  of  that  genus  from  any 
of  the  flat  fishes  of  the  Coal,  but  also  that,  as  yet  at  least,  the  family 
to  which  it  belongs  has  no  true  representative  in  the  Carboniferous 
series. 

Mesolepis,  nov.  gen.     (PI.  XXI.) 

Among  a  number  of  specimens  marked  Platysomi,  three  were  found 
on  closer  inspection  to  belong  to  a  new  genus.  They  are  charac- 

terized by  the  presence  of  a  small  ventral  fin,  a  longer  anal,  and  a 
dorsal  which  extends  from  opposite  the  anterior  border  of  the  former 
to  the  posterior  margin  of  the  latter.  The  scales  are  broader  in 
proportion  to  their  height  than  in  Platysomus  or  AmpJiicentrum, 
while  the  lepidopleura,  weaker  than  in  those  genera,  approach 
somewhat  to  the  kind  of  articulation  present  in  Amhlypterus  and 
Eurynotus.  The  imperfection  of  the  head  prevents  anything  being 
said  of  it,  save  that  the  suprascapular  is  larger  than  in  the  above 
genera,  both  it  and  the  operculars  rather  resembling  those  of  Eury- 

notus, especially  in  the  presence  of  concentric  growth-lines.  For- 
tunately, however,  one  specimen  shows  three  teeth,  and  these  are 

closely  similar  to  those  described  by  Sir  P.  Egerton  in  PI.  macrurus, 
presenting  a  bluntly  conical,  minie-bullet-shaped  crown  with  a  con- 

stricted neck,  much  like  the  Olohulodus  of  Miinster. 
From  the  characters  of  the  scales  I  propose  the  name  Mesolepis 

for  this  genus,  and  give  the  following  definition : — 
Body  oval,  or  arched  in  the  anterior  dorsal  region,  terminating  by 

a  blunt  prolongation  in  the  upper  caudal  lobe.  Pectoral  fin  large, 
its  extremity  rounded.  Ventral  small,  narrow,  at,  or  slightly  in 
front  of,  the  middle  of  the  body,  equidistant  between  pectoral  and  anal. 
Dorsal  commencing  opposite  the  ventral,  and  extending  to  the  tail- 
root,  terminating  opposite  the  posterior  margin  of  the  anal,  which  is 
rather  more  than  one-half  its  length.  Caudal  root  strong ;  upper 
lobe  larger  than  lower.  The  anterior  rays  of  all  the  fins  are  the 
longest,  and  bifurcated  only  at  their  extremities ;  the  following  rays 
are  slender  and  divided  so  as  to  form  a  delicate  fringe.  Orbit  large, 
well  forward,  close  to  the  facial  line.  Teeth  stalked,  with  a  con- 

stricted neck  and  smooth  bluntly  conical  crown.  Scales  quadrila- 
teral, those  on  the  flanks  higher  than  broad ;  the  others  more  equi- 

lateral.    Ornament  on  them,  and  on  head-bones,  tuberculo-linear. 
Two  species  are  distinguished  by  the  following  characters : — 

M.  Wakdi  (PI.  xxi.  figs.  1,  3). 

Body  ovate ;  the  posterior  dorsal  slope  more  rapid  than  that  of 
the  anal  region.  Length  of  trunk,  from  pectoral  to  tail-root,  nearly 
twice  its  greatest  depth.  Caudal  root  thick,  elongate.  Scales  orna- 

mented with  tubercles,  more  or  less  confluent  into  approximately 
vertical  ridges. 

M.  SCALARIS. 

Body  more  arched  dorsally.     Tail-peduncle  very  short  and  slender. 
VOL.  XXII.— PART  I.  z 
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The  tubercles  on  the  scales  arranged  in  transverse  close -set  ridges 
over  the  middle  two-thirds  of  the  scale ;  above  and  below  the  ridges, 
irregular  tubercles;  and  towards  the  posterior  margin,  sinuous 
tubercular  lines.  The  anterior  border  of  the  scale  traversed  bj  two 
or  three  fine  vertical  striae. 

In  general  form  of  body  this  genus  comes  nearest  to  Amblypterus, 
from  which  the  size  of  the  dorsal  and  anal  fins,  the  character  of  the 
ornament,  and  the  proportional  size  of  the  scales,  distinguish  it. 

From  Eurynotus,  the  relatively  larger  head  and  scales,  and  the  tuber- 
cular ornament  are  equally  marked  grounds  of  separation,  while  the 

teeth  are  in  strong  contrast  with  the  small  conical  Lepidoid  armature 
of  the  jaw  in  that  genus. 

Both  species  have,  as  yet,  occurred  only  in  North  Staffordshire ;  but 
the  appearance  of  several  fragments  from  other  districts  renders  it 

probable  that  the  genus  is  not  confined  to  the  English  coal-fields. 

EuETisroTTJS,  Agassiz. 

I  have  received,  through  the  kindness  of  Sir  P.  G.  Egerton,  the 
following  remarks  on  this  genus,  in  the  form  of  extracts  from  letters 
addressed  to  him  by  the  late  Hugh  MiUer,  and  gladly  comply  with 
his  wish  for  their  publication : — 

Edinburough,  Feb.  3,  1849. 

**  Mt  Deae  Sir,   I  found,  only  a  few  weeks  ago,  a  group 
of  palatal  teeth  of  a  rounded  form,  with  a  slight  dimple  in  the  centre 
of  each  (which  I  used  to  set  down  as  belonging  to  some  Placoid), 
existing  as  the  palatal  teeth  of  the  Eurynotus  crenatus  of  the  Coal- 
measures     u  Hugh  Miller. 

Edinburough,  Feb.  17,  1849. 

  "I  was  desirous  that  in  replying  to  your  favour  of  the 
6th  inst.  I  should  be  able  to  send  you  with  my  communication  a 
cast  of  the  specimen  of  Eurynotus  crenatus,  in  which  I  detected  the 
palatal  teeth  referred  to  in  my  last.  The  cast  which  I  now  enclose 
is  a  good  one,  and  exhibits  the  rounded  granules  of  the  creature 
scarce  less  distinctly  than  the  original,  one  of  the  finest  of  this  species 
of  Ichthyolite  which  I  have  yet  seen,  and  which  belongs  to  our  Free 
Church  College  Museum.  The  straightness  of  the  line  along  the 
back  from  the  head  to  the  point  of  the  dorsal  fin  seems  a  striking 
characteristic,  and  has,  I  think,  in  the  general  outline  a  rather 
pleasing  effect.  At  least,  it  would  not  be  easy  to  construct  a  fish  of 
a  breadth  so  great  in  proportion  to  its  length,  that  would  be  equally 
handsome,  were  this  line  different.  Of  the  teeth,  you  will  find  some 
eight  or  nine  remaining  immediately  over  what  seems  to  be  the 
under  jaw,  and  the  rest  represented  by  the  little  pit-like  sockets 
which  they  occupied.  The  original  specimen  is  from  a  limestone  in 
the  neighbourhood  of  Crail,  in  Fife,  identical  in  appearance  and 
character  with  the  limestone  of  Burdie  House. 

"  I  am,  my  dear  Sir, 
"  Very  respectfully  yours. 

Sir  Phihp  de  M.  Grey  Egerton.  "  Hfgh  MilLER. 



1866.]  TOFNG   PLA.TTSOMUS.  315 

Many  specimens  of  this  genus  from  the  Fifeshire  Carboniferous 
rocks  are  in  the  Museum  of  St.  Andrews,  but  the  head  in  all  these 
specimens  is  imperfect.  In  the  British  Museum  there  is  a  specimen 

which,  in  all  save  "  the  dimple,"  might  be  that  from  which  Miller's 
description  was  taken.  The  tritores  and  their  sockets  are  well  seen  ; 
not  all  are  of  equal  breadth,  some  seeming  of  smaller  diameter  and 
thinner  root,  a  difference  comparable  to  that  seen  among  the  teeth 
of  Pycnodonts.  The  teeth  seem,  as  Miller  has  stated,  undoubtedly 
palatal,  and,  as  such,  disposed  in  several  rows.  The  small  opportu- 
tunity  I  have  had  of  studying  Eurynotus,  prevents  me  from  doing 
more  than  expressing  my  belief  that  the  structure  of  the  head  agrees 

with  that  of  Mesolejns,  the  operculars  being  narrow  and  the  supra- 
scapulars  elongate,  as  in  that  genus.  The  form  and  position  of  the 
dorsal,  ventral,  and  anal  fins  are  also  similar,  while  the  nuchal  line 
to  which  Miller  draws  attention  has  the  same  characters  in  both 

genera,  and  in  others  which  are  included  under  Lejpidopleuridce. 
The  external  ornament  of  the  scales  differs  wholly  in  kind ;  but  to 
this  less  weight  is  due  than  to  the  absence  of  the  back-stays,  which 
linger  in  reduced  dimensions  on  the  anterior  scales  of  Mesolepis. 
That  name  was  selected  to  express  the  transitional  character  of  the 
genus,  and  Eurynotus  supplies  the  next  step  in  the  departure  from 
the  Lepidopleurid  type.  Wherever,  therefore,  Mesolepis  is  placed, 
there  Eurynotus  must  also  go.  The  cranial  structure,  traced  through 
the  other  genera  of  the  suborder,  cannot  be  demonstrated  in  these 
two  forms,  but  complete  specimens  would  probably  not  depart  far 
from  it.  The  dental  characters  seem  decisive,  and  warrant  the 
juxtaposition  of  Mesolepis  and  Eurynotus  as  aberrant  forms  of  the 
Lepidopleuridce.  Amblypterus,  the  genus  they  approach  nearest  in 
shape,  is  widely  separated  from  them  by  its  dentitional  characters, 
which,  as  well  as  its  cranial  anatomy,  place  it  among  the  Lepidos- 
teidce,  not  far  from  Oxygnathus.  Nor  is  Lepidotus  less  distinct,  as 

appears  from  Quenstedt's  valuable  memoir. 

The  five-  genera  just  described  form,  with  the  family  of  Pycnodonts, 
a  natural  group  by  which  the  Ganoid  affinities  of  the  latter  are  in- 

creased, its  Teleostean  relations  being  at  the  same  time  brought  into 
greater  prominence.  The  least  variable  common  feature  is  the 
structure  of  the  scales,  whence  the  name  Lepidopleuridce  may  be 
given  to  the  group,  whose  definition  is  as  follows : — 

Suborder  Lepidopleijrid^*. 

Ganoids  with  heterocercal  equilobate  tails.      Body  rhomboidal, 

*  The  word  "  pleurolepida,"  appHed  by  Sir  P.  Egerton  to  the  articular  back- 
rib  of  Pycnodont  scales,  has  been  altered  to  "  lepidopleura,"  partly  to  render  the 
term  more  descriptive,  partly  to  secure  euphony  in  the  subordinal  title.  The 
solid  advantage  which  excuses  the  change  is,  that  confusion  is  thereby  avoided 
between  Lepidopleuridce  as  above  defined,  and  Fhurolepidce  as  used  by  Quenstedt 
(Handb.  der  Petrefactenkunde,  p.  209).  The  latter  name  includes  the  Pycno- 

donts, and  along  with  them  Placodus,  the  group  being  stated  to  be  intermediate 
between  Chondrostean  and  Holostean  Ganoids,  i.  e.  those  on  the  one  hand  in 
which  scales  and  head-bones  are  the  chief  fossil  remains,  and  those  on  the  other 

z2 
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covered  with  rhombic  scales,  articulated  by  strong  ribs  traversing 
their  anterior  margin  internally.  Dorsal  fin  equal  to  half  the  length 
of  the  trunk.  Anal  fin  also  with  an  elongate  base.  Ventrals,  when 

present,  small.  Paired  fins  non-lobate.  Eranchiostegal  rays  not 
taking  the  form  of  broad  plates.  Notochord  persistent.  Arches 
well  ossified. 

I.  Ventral  fin  wanting. 
Plattsomid^. 

Teeth  uniserial,  conical,  sharp.  Palate-bones  edentulous. — Platy- 
somus,  Agassiz,  partim. 

Amphicenteid^  . 

*  Dorsal  and  ventral  margins  sharply  acuminated.  Teeth  in  the 
form  of  tuberculated  plates  on  the  maxillary,  mandibular,  and  palato- 
vomerine  bones.     Premaxillary  edentulous. — AmpJiicentrum,  n.  g. 

EUETSOMID^. 

Teeth  in  the  form  of  blunted  cones,  on  a  peduncle  with  a  constric- 

ted neck. — Eurysomus  (^=Platysomus,  Agassiz,  ̂ arim.) . 

II.  Ventral  fin  present. 
Mesolepid^. 

Teeth  similar  to  those  of  Eurysomus. — Mesolepis,  n.  g. ;  Eurynotus, 
Agassiz. 

Pyckodontid^. 

Teeth  oval,  hemispherical,  or,  if  elongate,  blunted  cones. — Pycno- 
dus,  Mesodon,  Gyrodus,  &c.,  (except  the  Labroid  forms  of  Cocchi). 

The  arrangement  here  sketched  does  not  affect  the  question  which 
further  research  may  raise  as  to  the  true  position  of  the  genera 
included  under  it.  The  group  is  transitional  between  the  Ganoids 
and  Teleosteans,  and  is  equivalent  to  the  suborders,  1.  Amiadae, 
2.  Lepidosteidee,  3.  Crossopterygidse,  4.  Chondrosteidse,  and  5. 
Acanthodidse.  By  Platysomus  it  approaches  Palceoniscus  and  its 
allies,  while  Pycnodus  and  Amphicentrum  conduct  to  the  Lahroidei 
and  Sparoidei.  Prom  the  Pycnodonts  the  above  definition  excludes 
Tetragonolepis  and  its  allies  by  the  negative  character  of  absence  of 
lepidopleura,  and  by  the  important  positive  differences  of  cranial 
structure  already  illustrated. 

The  restoration  of  ventral  fins  by  Agassiz  in  the  genus  Platysomus 
was  a  matter  of  inference,  which  perfect  specimens  have  disproved. 

His  generalization  as  to  the  non-appearance  of  apodal  fish  prior  to 

in  which  parts  of  an  osseovis  skeleton  are  more  distinctly  preserved.  To  the 
former  belong  the  Lepidoids,  to  the  latter  Thrissops,  Macropoma,  Leptolepis, — a 
miscellaneous  assemblage.  This  classification  is  artificial  and  inaccurate,  its 
basis — the  amount  of  surviving  structures — being  only  in  appearance  a  zoological 
one.  The  character  selected  to  define  and  designate  the  subfamily  occurs  in 
more  genera  than  those  included  by  Quenstedt  under  it. 
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the  Chalk,  thus  also  falls  to  the  ground.  The  absence  of  this  mem- 
ber cuts  oif  Eurysomus  from  the  Pycnodonts  proper,  which  are  thus 

restricted  to  Mesozoic  times ;  for  that  family  is  clearly  separated  from 
Eurynotus  and  Mesolepis  by  the  form  of  the  suprascapular  bones,  as 
well  as  by  the  different  position  of  the  opercular  plates,  by  the 
structure  of  the  scales,  and  by  the  absence  of  fulcra  on  the  upper 
caudal  lobe. 

EXPLANATION  OF  PLATES  XX.  &  XXI. 

Plate  XX. 

Fig.  1.  Amphicentrum  gramdosum,  one-half  the  natural  size. 
2.  Maxilla  of  A.  granulosum,  natural  size. 
3.  Mandible  of  A.  granulosum,  seen  from  without. 
4.  The  same  seen  from  above. 
5.  Outer  surface  of  a  scale  of  A.  granulosum,  natural  size. 
6.  Inner  surface  of  a  scale  of  A.  granulosum,  natural  size. 
7.  Palatine  armature  of  A.  granulosum,  magnified. 

Plate  XXI. 

Fig.  ]  a.  Mesolepis  Wardi,  natural  size. 
1  b.  Outer  surface  of  scales  of  M.  Wardi,  magnified. 
1  c.  Inner  surface  of  scales  of  M.  Wardi,  magnified. 
2.  Head  of  Platysomus  parvulus,  twice  the  natural  size. 
3.  Teeth  of  Mesolepis  Wardi,  twice  the  natural  size. 

5.  Note  on  the  Scales  of  Ehizodus,  Owen. 
By  John  Young,  M.D.,  F.G.S. 

[This  paper  was  withdrawn  by  permission  of  the  Council.] 

[Abstract.] 

Attention  was  drawn  to  the  fact  that,  on  a  slab  in  the  collection 
of  the  Eoyal  Society  at  Edinburgh,  the  characteristic  Bhizodus  teeth 
occur  along  with  thick  bony  scales,  whose  exposed  area  is  orna- 

mented with  coarse  tubercles,  usually  irregularly  disposed,  while  the 
overlapped  anterior  area  is  concentrically  striated.  These  characters 
confirm  the  generic  distinctness  of  Wiizodus  from  Ilolojotychius, 
whose  smooth  anterior  and  rugose  free  surfaces  contrast  with  those 
described. 

March  7,  1866. 

Edward  Filliter,  Esq.,  Leeds ;  Myles  Kennedy,  Esq.,  Hill  House, 
Ulverston ;  and  Lieut.  Charles  Warren,  R.E.,  Gibraltar,  were  elected 
"Fellows. 

Dr.  Joseph  Leidy  of  Philadelphia  was  elected  a  Foreign  Member. 
Prof.  J.  P.  Lesley,  of  Philadelphia ;  and  Prof.  Eeuss,  of  Vienna, 

were  elected  Foreign  Correspondents. 
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The  following  comnmnications  were  read  :— 

1.  Documents  relating  to  the  Recent  "Volcanic  Distuebances  in  the 
JSTeighbourhood  of  Santorino  *. 

[Abstracts.] 

The  document  first  received  is  a  letter  from  Consul  St.  Yincent 

Lloyd  to  the  Rt.  Hon.  the  Earl  of  Clarendon,  dated  Syra,  February 
8,  1866,  in  which  he  states  that  on  or  about  the  1st  of  that  month, 
the  sea  in  the  neighbourhood  of  the  Kaimeni  islands,  in  the  centre 
of  the  great  ancient  crater  forming  the  harbour  of  Santorino,  began 
to  show  signs  of  volcanic  action  ;  the  result  was  the  formation  of  a 
new  island,  which  at  the  date  of  his  report  had  become  nearly  joined 
to  the  southern  extremity  of  the  island  Nea  Kaimeni.  Consul  Lloyd 
also  gave  an  account  of  the  eruption,  mentioning  that  it  was  ac- 

companied by  loud  subterranean  noises,  flames  of  fire,  and  ebullition 
of  the  sea.  Slight  shocks  of  earthquakes  had  t)een  felt  at  Santorino, 
where  the  inhabitants  were  much  alarmed. 

In  a  second  letter  to  the  Earl  of  Clarendon  Mr.  Lloyd  encloses  a 
letter  which  he  had  received  from  Mr.  A.  Delenda,  H.M.  Consular 
agent  at  Santorino,  in  which  was  given  an  account  of  the  phenomena 
attending  the  eruption  as  they  were  observed  day  by  day  at  Nea 
Kaimeni,  from  Eebruary  1st  to  February  7th  inclusive.  Mr.  Delenda 
particularly  describes  the  boiling  of  the  sea  and  the  scattering 
through  it  of  coloured  matter,  as  well  as  the  appearance  of  fiames, 
the  formation  of  pools  of  fresh  water  on  Fea  Kaimeni,  the  upheaval 
of  a  new  island,  and  the  subsidence  of  some  of  the  houses. 

In  a  letter  dated  February  16th  addressed  to  the  Earl  of  Clarendon, 
Mr.  Erskine,  British  Minister  at  Athens,  enclosed  a  copy  of 

'  La  Grece  '  newspaper  of  February  15th,  containing  letters  from  M. 
Decigala  dated  23rd,  24th,  25th  and  26th,  of  January.  From  these 
letters  it  appears  that  signs  of  volcanic  action  were  observed  at  a 
place  caUed  Youlcano  as  early  as  January  18th,  and  that  the  new 

^'^  These  documents  consist  of  the  following  Reports,  the  abstracts  of  which 
are  here  printed  together  by  Order  of  the  Council : — 

1.  Report  from  St.  Vincent  Lloyd,  Esq.,  H.M.  Consul  at  Syra,  to  the  Rt.  Hon. 
the  Earl  of  Clarendon.  Communicated  by  the  Secretary  of  State  for  Foreign 
Affairs.     Read  March  7,  1866. 

2.  Report  from  St.  Vincent  Lloyd,  Esq.,  H.M.  Consul  at  Syra,  to  the  Rt.  Hon. 
the  Earl  of  Clarendon,  enclosing  letters  from  A.  Delenda,  Esq.,  H.M.  Consular 
Agent  at  Santorino.  Communicated  by  the  Secretary  of  State  for  Foreign  Af- 

fairs.    Read  March  7,  1866. 
3.  Report  from  Morris  Erskine,  Esq.,  British  Minister  at  Athens,  to  the  Rt. 

Hon.  the  Earl  of  Clarendon,  enclosing  letters  from  M.  Decigala.  Communicated 
by  the  Secretary  of  State  for  Foreign  Affairs.     Eead  March  7,  1866. 

4.  Report  from  Commander  G.  Try  on,  of  H.M.S.  '  Surprise,'  to  Vice- Admiral 
Sir  Robert  Smart,  K.C.B.  Communicated  by  the  Lords  Commissioners  of  the 
Admiralty.    Read  March  21,  1866. 

5.  Report  from  Commander  L.  Brine,  of  H.M.  Steam-sloop  '  Racer,'  to  Vice- 
Admiral  Sir  Robert  Smart,  K.C.B.  Communicated  by  the  Lords  Commissioners 
of  the  Admiralty.     Read  April  25,  1866. 

6.  Report  from  M.  Fouque  to  the  Eparch  of  Santorino.  Communicated  by 
Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  &c.     Read  April  25,  1866. 



1866.]  VOLCANIC  DISTURBANCES  AT  SANTORINO.  319 

island  first  appeared  in  the  form  of  a  reef  on  the  night  of  January 
22nd.  M.  Decigala  describes  at  length  the  same  phenomena  as  Mr. 
Delenda,  especially  mentioning  that  the  sea  was  coloured  white,  like 
milk,  and  the  formation  of  several  lakes  of  very  pure  fresh  water. 

He  gave  to  the  new  island  the  name  of  '  George  the  first/  and  he 
minutely  describes  the  manner  in  which  it  was  gradually  enlarged, 
until  on  January  25th  it  formed  a  promontory  of  the  island  Nea 
Kaimeni, 

Two  letters  dated  Malta,  February  22nd,  from  Commander  G. 

Try  on,  of  H.M.S. '  Surprise,'  to  Yice- Admiral  Sir  Eobert  Smart, 
K.C.B.,  contain  that  ofiicer's  report.  The  '  Surprise '  reached  San- 
torino  on  February  16th,  and  on  opening  the  island  of  Nea  Kaimeni 
a  new  island,  named  Aphroessa  by  the  Greek  Commissioners,  was  ob- 

served to  have  arisen  from  a  new  crater  situated  about  150  fathoms 

from  the  south  point  of  Nea  Kaimeni.  This  new  island  was  upheaved 
from  a  depth  of  14  fathoms,  and  at  that  time  was  100  yards  long  and 
50  wide  ;  but  it  was  daily  increasing  in  size.  Its  appearance  was 
very  gradual ;  it  first  appeared  above  water  on  February  13th,  but 
for  two  days  previous  it  was  only  one  fathom  under  water.  The 
small  bay  in  Nea  Kaimeni,  known  as  Mineral  Creek,  had  also  been 

the  scene  of  volcanic  action,  and  at  the  time  of  Comm.  Tryon's 
visit,  the  creek  was  not  only  filled  up,  but  a  pile  of  lava  was  formed, 
300  yards  long  by  200  broad,  which  had  completely  buried  the 
houses  which  were  in  its  way ;  and  this  new  hill  was  then  gradually 
increasing  at  the  rate  of  from  6  to  8  feet  per  diem  each  way.  At 
that  time  these  two  localities  —  Mineral  Creek  and  the  new  island 

Aphroessa, — about  two-fifths  of  a  mile  apart,  formed  the  vents  of 
the  volcanic  action.  The  south-eastern  portion  of  Nea  Kaimeni  had, 
however,  sunk  considerably,  and  was  still  sinking.  No  fluid  lava 
had  appeared,  the  new  formations  having  been  apparently  pushed 
up  from  below  and  extended  laterallj^  as  they  got  to  the  surface. 
Commander  Tryon  was  unable  to  discover  that  any  circumstances 
connected  with  the  eruption,  or  that  any  of  the  materials  upheaved, 
dijffered  from  what  had  been  observed  in  other  parts  of  the  world. 

Commander  Lindesay  Brine,  of  H.M.  Steam- sloop  '  liacer,'  in  a 
letter  to  Sir  Eobert  Smart,  dated  Malta,  March  13th,  reports  that 
active  volcanic  action  is  confined  to^two  vents,  except  that  the  ancient 
crater  of  ISTea  Kaimeni,  by  the  rents  at  its  summit,  and  the  steam 
escaping  at  its  sides,  appears  to  be  in  communication  with  them. 
The  active  volcano  forming  part  of  Nea  Kaimeni  had  been  raised 
from  70  to  130  feet  above  the  sea,  and  consists  of  an  irregular  mass 
of  scoriae,  pumice,  clinker,  and  solid  basaltic  lava,  and  was  slowly 
increasing  in  all  directions  by  the  addition  of  matter  thrown  from 
the  crater.  Commander  Brine  also  gives  a  detailed  account  of  the 
commencement  and  progress  of  the  disturbances  ;  but  it  does  not 
differ  materially  from  other  records,  except  that  it  draws  a  distinc- 

tion between  the  first-formed  vents,  from  which  there  had  been  true 
eruptions,  and  the  new  island,  from  which  there  had  been  no  erup- 

tion, but  incessant  noise  (caused  by  the  detachment  of  blocks  from 
the  sides),  much  steam,  and  clouds  of  smoke. 
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Sir  Roderick  Murchison  communicated  the  contents  of  a  report 

made  by  M.  Fouque,  the  envoy  to  Santorinoof  the  Academy  of  Sciences 
of  Paris,  to  the  eparch  of  Santorino.  M.  Eouque  states  that  a 
fissure  had  opened  between  the  George  Promontory  and  the  new 
island  Aphroessa,  and  that  the  points  of  eruption  are  simply  the 
sites  of  the  deepest  holes  in  the  line  of  rupture,  and  that  the  non- 

existence of  a  true  crater  is  owing  to  the  small  quantity  of  ejected 
matter  and  the  feebleness  of  the  eruption.  Owing  to  the  recent 
progress  made  in  the  study  of  volcanos,  M.  Fouque  is  enabled 
to  state  that  the  eruption  of  Nea  Kaimeni  never  presented  more  than 
a  very  moderate  degree  of  intensity.  M.  St.  Claire  Deville  has 
shown  that  there  exists  a  constant  and  certain  relation  between  the 

degree  of  intensity  of  a  volcano  in  action  and  the  nature  of 
the  volatile  elements  vomited  at  its  mouth  ;  thus,  in  an  eruption 
of  maximum  intensity,  the  predominant  volatile  product  is  chloride 
of  sodium,  accompanied  by  salts  of  soda  and  potash ;  an  eruption  of 
the  second  order  gives  off  hydrochloric  acid  and  chloride  of  iron ;  one 
of  the  third  degree,  sulphuric  acid  and  salts  of  ammonia ;  and  of  the 
fourth,  or  most  feeble  phase,  steam  only,  with  carbonic  acid  and  the 
combustible  gases.  Applying  this  principle  to  Nea  Kaimeni,  it  ap- 

pears that  the  eruption  never  exceeded  the  third  degree  of  intensity  ; 
and  when  it  created  the  greatest  alarm  it  gave  off  only  sulphuric 
acid,  steam,  and  combustible  gases,  or  products  of  the  third  and  fourth 
orders  of  volcanic  activity.  M.  Fouque  therefore  agrees  with  other 
observers  in  believing  that  the  fears  of  the  inhabitants  of  the  islands 
were  very  nearly  unfounded. 

2.  On  the  Caeboniferous  Slate  {or  Devonian  Rocks)  and  the  Old 
Red  Sandstone  of  South  Ireland  and  North  Devon.  By  J. 
Beete  Jukes,  Esq.,  M.A.,  F.R.S.,  F.G.S. 
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I.  Introduction. 

Haying  been  able  during  the  last  summer  to  extend  a  little  my 
knowledge  of  North.  Devon,  especially  in  the  neighbourhood  of  Lyn- 

ton, and  having,  as  the  result  of  my  observations,  become  quite  con- 

vinced that  the  rocks  of  IS'orth  Devon  belong  partly  to  the  group 
called  Carboniferous  Slate  in  Ireland,  and  partly  to  the  Old  Eed  Sand- 

stone, I  propose  to  lay  before  the  Society  the  grounds  of  that  con- 
viction. 

As  I  shall  have  to  maintain  that  aU  the  first  geologists  of  the  daj^, 
including  Professor  Sedgwick,  Sir  R.  I.  Murchison,  Mr.  Weaver,  Sir 
H.  De  la  Beche  and  Professor  Phillips  have  misunderstood  the 
structure  of  the  country,  let  me  hasten  to  avow  my  belief  that  no- 

body whose  observations  were  confined  to  Devon  and  Somerset,  could 
have  arrived  at  any  other  than  their  conclusions.  I  fully  admit  that 
the  rocks  near  Lynton  appear  to  be  the  lowest,  and  that  there  appears 
to  be  a  regular  ascending  succession  of  rock-groups  from  Lynton  to 
the  latitude  of  Barnstaple.  I  am,  however,  compelled  to  dispute  the 
reality  of  this  apparent  order  of  succession,  and  to  suppose  that  there 
is,  either  a  concealed  anticlinal  with  an  inversion  to  the  north,  or, 
what  I  believe  to  be  much  more  probable,  a  concealed  fault  running 
nearly  east  and  west  through  the  centre  of  ISTorth  Devon  with  a  large 
downthrow  to  the  north,  and  that  the  Lynton  beds  are  on  the  same 
general  horizon  as  those  of  Baggy  Point  and  Marwood.  As  my 
reasons  for  this  supposition  are  derived  from  the  experience  acquired 

during  many  years'  labour  in  the  south-west  of  Ireland,  I  must  in the  first  instance  endeavour  to  state  the  result  of  those  labours  in  as 

brief  a  form  as  possible. 
It  was  at  the  close  of  the  year  1850  that  I  succeeded  my  friend. 

Dr.  Oldham,  in  the  Local  Directorship  of  the  Irish  branch  of  H.M. 
Geological  Survey,  when  it  was  just  entering  on  the  examination  of 
the  district  alluded  to.  During  many  succeeding  years  the  rocks 

were  patiently  laid  down  on  the  six -inch  Ordnance  Maps  by  my 
colleagues,  Mr.  W.  L.  Willson  (now  of  the  Indian  Survey),  Mr. 
Andrew  Wyley  (who  afterwards  undertook  the  Geological  Survey  of 
the  Cape  Colony),  and  Mr.  G.  Y.  Du  Noyer  (now  the  senior  Geologist 
in  Ireland).  Sir  H.  De  la  Beche  and  Professor  Edward  Forbes  fre- 

quently gave  their  assistance  to  the  work  during  those  years.  Sub- 
sequently our  force  was  strengthened  by  the  addition  of  Messrs.  G.  H. 

Kinahan,  F.  J.  Foot,  and  Jos.  O'Kelly,  who  still  remain  with  us,  and 
Mr.  A.  B.  Wynne,  who  afterwards  left  us  for  India.  All  those  gen- 

tlemen assisted  in  the  examination  of  the  district,  and  Mr.  Salter 
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(after  the  death  of  Professor  Ed.  Forbes)  spent  part  of  one  summer 
in  examining  our  fossils  and  visiting  with  me  the  principal  fossil 
localities.  The  fossils  were  collected  by  the  late  James  Flanagan  in 
the  first  instance,  and  additions  have  been  made  by  our  present 

collectors  Charles  Galvan  and  Alexander  IVI'^Henry ;  and  some  of  the 
localities  have  been  visited  by  Mr.  W.  H.  Baily,  who  since  the  year 
1857  has  acted  as  Palaeontologist  to  the  Irish  branch  of  the  Survey. 
When  I  speak  of  the  labours  of  the  Survey,  then,  it  is  to  those  of  the 
gentlemen  named  I  more  particularly  refer;  my  own  share  being 
limited  to  general  inspection  of  the  work  and  comparison  of  the 
structure  of  different  parts  of  the  district,  together  with  laying  down 
the  rocks  of  two  or  three  small  areas  which  happened  to  be  typical 
localities. 

I  must  not  omit  to  mention  that  in  our  examination  of  this  dis- 
trict we  had  of  course  been  preceded  by  Sir  R.  I.  Griffith,  and  that 

our  more  exhaustive  operations  only  confirmed  the  general  conclu- 
sions which  he  had  previously  arrived  at,  as  shown  in  the  later 

editions  of 'his  map.  His  name  "  Carboniferous  Slate  "  is  perfectly 
applicable  to  the  grey  slates  and  grits  of  the  south-west  of  Cork,  and 
has  accordingly  been  adopted  by  us  ;  and  his  boundaries  agree  gene- 

rally with  ours,  except  in  one  area  where  he  takes  a  diff'erent  base  for 
the  Old  Red  Sandstone,  and  so  far  as  the  imperfect  map  on  which 
his  results  are  published  can  be  compared  with  the  new  ordnance 
one-inch  sheets. 

I  will  now  give  a  sketch  of  the  Old  Red  Sandstone  and  Carboni- 
ferous formations  of  the  south  of  Ireland,  commencing  with  the 

County  Wexford  and  following  them  to  the  western  bays  and  head- 
lands of  County  Cork*. 

II.  Sketch  oe  the  IJppek  Palaeozoic  Rocks  oe  the  Sotjtheen 

POETION-  OF  IeELAT^D. 

1.  Wexford. — The  Porth  Mountain  district,  in  the  county  of 
Wexford,  shows  green  and  purple  slates  and  grits,  with  large  bands 
of  quartz-rock,  which  are  believed  to  be  part  of  the  Cambrian  for- 

mation. The  town  of  Wexford  is  built  on  these  rocks.  About  a 

mile  to  the  north  of  it,  however,  there  are  several  quarries  in  a  red 

sandstone  and  conglomerate  just  hke  some  of  the  Old  Red  Sand- 
stone of  South  Wales,  dipping  gently  to  the  east  and  south-east,  in 

which  direction  a  few  exposures  of  Carboniferous  Limestone  were 
obscurely  seen.  About  a  mile  to  the  south  of  Wexford  there  are  ^ 
several  considerable  quarries  in  dark-grey,  compact  or  crystalline 
limestone,  with  beds  of  black  shale,  from  which  a  number  of  common 
Carboniferous  fossils  were  collected.  In  the  townland  of  Kerloge, 

near  the  old  church,  and  not  far  from  St.  James's  Well,  the  lowest 
beds  visible  of  this  limestone  are  full  of  pebbles  of  quartz-rock,  a 
crag  of  which,  in  situ  (a  part  of  the  Cambrian  formation),  rises  on 

*  Although  much  of  the  matter  of  this  sketch  may  have  been  published  before 
in  separate  forms,  I  am  not  aware  of  any  previously  published  connected  sketch 
of  the  gradual  but  great  change  which  takes  place  in  these  rocks  as  they  are 
traced  across  the  south  of  Ireland, 
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the  other  side  of  the  road.  This  Cambrian  crag  evidently  stood  as  a 

rock  in  the  Carboniferous  sea,  and  pebbles  derived  from  it  were  em- 
bedded in  the  limestone  formed  in  that  sea,  and  if  there  be  any  Old 

Ked  Sandstone  about  it,  it  is  overlapped  and  concealed  by  the  lime- 
stone. A  mile  farther  to  the  south-west,  however,  about  Latimers 

Town,  there  appears  to  be  a  district  of  red  and  yeUow  sandstone  and 

conglomerate  interposed  between  the  Cambrian  ground  and  that  in 
which  the  limestone  is  found.  A  little  farther  on,  quarries  in  red 

and  yellow  sandstone  occur,  and  a  regular  band  of  red  and  yellow 

sandstone  and  conglomerate  then  runs  to  the  south-west  until  it 
terminates  on  the  sea-coast.  The  best  section  may  be  seen  at  Dun- 

cormick,  about  twelve  miles  south-west  of  Wexford,  of  which  fig.  1 

Fig.  1. — Section  at  Dimcormick, 
Seafield  House.  Duncormick.  N.W. 

c  a 

Length  of  Section,  three-quarters  of  a  mile. 
Carboniferous  Limestone.       c.  Old  Eed  Sandstone.       a.  Cambrian  rocks. 

is  a  sketch.  Several  quarries  were  opened  here  in  a  dark-grey  flaggy 
and  shaly  limestone,  very  fossiliferous  and  highly  fetid,  which  dipped 

to  the  south-east  at  25°.  These  lay  between  Seafield  and  Duncor- 
mick, which  latter  village  stands  on  red  flaggy  sandstones  and  red 

shales,  underneath  which  are  yellow  sandstones  and  conglomerates, 

all  dipping  south-east  at  25°.  These  beds  are  well  exposed  in  the 
village  and  road.  North-west  of  the  village,  on  the  other  side  of  the 
road,  green  grits  and  slates,  such  as  are  seen  everywhere  in  the  Cam- 

brian rocks  of  the  Forth  Barony,  rise  to  the  surface,  undulating  in 
different  directions  and  at  various  angles.  The  thickness  of  the 
yeUow  and  red  rocks  here  is  about  200  feet,  while  the  limestone  beds 
must  have  a  total  thickness  of  600  or  700  feet,  if  the  dip  of  the  beds 
is  the  same  in  the  concealed  parts  between  the  quarries,  as  it  is  where 

they  are  open.  "We  have  taken  the  beds  of  red  and  yellow  sandstone and  conglomerate  thus  described,  for  Old  Eed  Sandstone.  There  are, 
however,  other  beds  of  similar  red  sandstones  and  conglomerates  to 
be  found  to  the  south-east  of  this  band,  interstratified  with  the  Car- 

boniferous Limestone,  and  therefore  certainly  not  true  Old  Red  Sand- 
stone. This  is  a  circumstance  which  occurs  also  in  the  northern  por- 

tion of  Ireland,  as  also  I  believe  in  parts  of  England,  so  that  the 
mere  occurence  of  red  sandstones  and  conglomerates  beneath  some 
beds  of  Carboniferous  Limestone  is  not  sufficient  to  entitle  them  to 
be  considered  reaUy  Old  Eed  Sandstone. 

a.  Red  Sandstones  and  Conglomerates  in  the  Lower  Silurian  Rocks. 
— Thick  masses  of  red  shale  and  red  sandstones  and  conglomerates 
are  interstratified  also  with  the  Lower  Silurian  rocks  of  Wexford 
near  Tagoat,  and  Waterford  near  Bunmahon.  Those  of  Bunmahon 
were  at  first  presumed  to  be  Old  Eed  Sandstone  let  in  by  faults 
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against  the  Lower  Silurian  rocks ;  but  having  seen  those  near  Tagoat 
to  be  certainly  in  the  Lower  Silurian  formation,  I  doubted  the  cor- 

rectness of  the  supposition  adopted  at  Bunmahon,  and  a  recent 
reexamination  of  the  county  by  Mr.  Du  Noyer  has  shown  these  also 
to  be  really  Lower  Silurian  red  sandstones  and  conglomerates.  (See 
Explanation  of  sheets  167  &c.,  of  Irish  Maps.) 

2.  Hooh  Head. — The  Upper  Palaeozoic  rocks  which  strike  into  the 
sea  south  of  Duncormick  reappear  on  the  coast,  in  the  promontory 
of  Hook  Head,  partly  in  consequence  of  a  change  in  the  strike  of  the 
beds,  which  there  dip  nearly  due  south,  and  partly  from  the  land  pro- 

jecting farther  to  the  south,  as  we  proceed  westwards.  Fig.  2  wiU 
give  an  idea  of  the  lie  and  position  of  the  Carboniferous  Limestone 
and  undoubted  Old  Eed  Sandstone  here  ;  the  latter  reposing  on 
slates  and  grits  which  belong  to  the  Lower  Silurian  grou]3,  as  is 
evidenced  by  their  fossil  contents  at  Duncannon  Eort  and  else- 

where*. These  Lower  Silurian  beds  are  greatly  contorted,  as  is 
shown  in  the  cliffs  of  Waterford.  Harbour  for  several  miles. 

The  Old  Eed  Sandstone  rests  on  the  edges  of  these  contorted  beds 
quite  unconformably,  as  is  shown  in  section  fig.  2,  and  dips  from 

Pig.  2. — Section  of  part  of  HooTc  Head. 

,    ̂     ,      .„  T        ,  { d^.     Grey  often  flasrffy  limestone. 
d.  Carboniferous  hmestone.  ̂   ̂i_  Black  shale  highly  fossiliferous. 
c.  Old  Red  Sandstone. 

b.  Lower  Silurian. 

f  Eed  and  yellow  sandstones  and  shales  above. 
\  Eed  sandstones  and  conglomerates  below, 
f  Indurated  shales,  slates,  and  fine-grained  grey 

1      grits. 
them  to  the  south,  as  a  whole,  but  is  itself  undulated  at  slight  angles 
and  broken  by  faults  probably  of  small  throws.  It  is  well  shown  in 
cliffs  about  40  feet  high  for  about  a  mile  and  a  quarter  along  the 
shore  of  Waterford  Harbour  and  for  nearly  two  miles  along  the 
eastern  shore  of  the  promontory,  which  does  not  cut  so  directly  across 
the  strike  of  the  beds  as  the  western  shore  does. 

The  thickness  of  the  Old  Eed  Sandstone  here  is  not  exactly 

determinable,  owing  to  its  disturbed  "  Ke,"  but  it  must  be  at  least 
six  or  seven  hundred  feet.  The  lower  beds  consist  of  red  sandstones 
and  red  shales,  with  beds  of  red  conglomerate  occasionally.  Higher 

up  the  conglomerates  become  more  massive,  and  beds  of  white  con- 
glomerate occasionally  appear  among  the  red.     About  the  middle  of 

*  See  the  list  of  Fossils  and  the  Palseontological  Notes  by  Mr.  W.  H.  Baily 
in  tlie  "  Explanation  of  sJieets  169  &c.  of  the  Irish  Maps  in  the  Memoirs  of  the 
Geological  Survey." 



1866.]  JTJKE8   OLD  EED  SANDSTONE  AND  DEVONIAN.  325 

the  mass  fragments  of  plant-stems  occur,  either  as  impressions  on 
the  sandstones,  or  as  flattened  stems  with  a  thin  coating  of  coaly 
matter.  Little  seams  also  of  carbonaceous  matter  sometimes  appear 
between  the  beds. 

Beds  of  greenish  shale  set  in  near  the  top  of  the  Old  Eed  Sand- 

stone, the  uppermost  one  being  capped  by  a  bed  of  grey  "  fucoid  " 
shale,  which  is  taken  as  the  base  of  the  Lower  Limestone  Shale. 
There  are,  however,  here  not  more  than  from  10  to  20  feet  of  actual 
black  shale  before  we  come  up  to  the  compact  grey  limestone.  The 
limestone  beds  are  well  shown  in  the  low  cliff  on  both  sides  of  the 

promontory  as  far  as  the  extremity  of  the  Head,  a  distance  of  two 
miles  and  a  half.  They  are  much  bent  and  broken,  dipping  in  vari- 

ous directions,  although  never  at  angles  exceeding  30°,  and  rarely 
above  10°  or  15°.  There  is  a  belt  of  magnesian  limestone  (one  of 
the  many  places  in  which  the  Carboniferous  Limestone  is  dolomi- 
tised)  about  400  yards  wide,  crossing  the  promontory  before  reaching 
the  extremity  of  the  Head ;  but  except  in  that  space,  the  cliffs  are 
crowded  with  fossils,  all  of  them  of  species  which  are  known  to  occur 
in  the  Carboniferous  limestone  elsewhere,  as  will  be  seen  on  refer- 

ring to  the  lists  by  Mr.  W.  H.  Baily,  given  in  the  Explanation  of  the 
Sheet  167,  &c.,  of  the  Maps  of  the  Geological  Survey  of  Ireland. 

3.  Waterford. — Opposite  the  Hook  Point,  on  the  western  coast 
of  Waterford  Harbour  about  Dunmore,  the  Old  Red  Sandstone 
spreads  in  a  nearly  horizontal  position  over  an  isolated  area  six  or 
seven  miles  long  by  about  two  broad,  resting  unconformably  on 
Lower  Silurian  rocks,  which  rise  steeply  out  from  underneath  it  on 
the  west  and  north. 

Two  or  three  other  isolated  patches  of  similar  size  lie,  like  cakes 
of  Old  Eed,  on  the  highly  inclined  Silurians  on  both  sides  of  the 
harbour  further  north,  and  in  the  southern  angle  of  County  Kilkenny, 
between  the  rivers  Suir  and  Barrow. 

These  isolated  patches  are  obviously  pieces  spared  by  the  denu- 
dation that  has  removed  the  rest,  and  uncovered  the  Silurian  rocks 

around  them.  They  serve  to  connect  the  Old  Eed  Sandstone  of  Hook 
with  the  persistent  mass  of  it  which  takes  the  ground  north  of  the 
city  of  Waterford. 

Immediately  to  the  north-west  of  the  city  of  Waterford,  on  the 
south  side  of  the  river  Suir,  are  some  black  slates,  in  which  Di/plo- 
grapsus  pristis  and  GraptolitJius  tenuis  are  abundant.  They  dip  north- 

west at  60°  and  70°.  On  the  northern  side  of  the  river  the  slates 
and  grits  of  the  Lower  Silurian  formation  are  of  a  greener  hue  and 
more  siKceous  appearance,  and  are  unfossihferous,  but  dip  in  the  same 

direction,  at  70°  or  80°. 
These  beds  are  well  shown  in  the  cuttings  in  the  cliffs  at  the  back 

of  the  houses  by  the  railway  station ;  and  on  their  upturned  edges 
lie  great  beds  of  br»wn  and  red  quartzose  conglomerate,  dipping  north- 

west at  10°  or  15°. 
These  are  the  basal  beds  of  the  Old  Eed  Sandstone;  which  may  be 

followed  in  one  direction  to  the  river-bank,  on  the  other  side  of  which 
they  reappear  striking  to  the  west  into  County  Waterford ;  while  in 
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the  other  direction  they  may  be  followed  up  the  cliff  to  Mount  Misery, 
and  for  some  miles  to  the  north-east  in  County  Kilkenny. 

Above  the  conglomerates  come  red  sandstones  often  flaggy  and 
and  sometimes  traversed  by  a  rude  slaty  cleavage.  These  beds  all 
dip  north  or  north-west  at  low  angles  towards  some  lower  ground, 
where  a  few  scattered  quarries  show  beds  of  yellow  sandstone  and 
flag  with  yellowish  or  greenish  shaly  or  slaty  partings. 

Fig  3»     Section  from  DunJcitt  House  to  Mount  Misery,  Waterford. 

Length  of  Section,  about  2  miles. 

[  d^.  G-rey  crinoidal  limestone  in  thick  beds. 
d.  Carboniferous  limestone,  j  d^.  Dark-grey  fossiliferous  shales  with  flaggy  lime- 

[      stones  above  and  flaggy  sandstones  below. 

Old  "Rpd  Sandstone  /Yellow  and  red  sandstone  above,  red  sandstones ^*  '  \     and  slates  and  red  conglomerates  below. 
b.  Lower  Silurian.  Grrey,  black,  and  greenish-grey  slates  and  grits. 

On  Mount  Misery  there  is  not  such  a  good  exhibition  of  slaty 
cleavage  in  the  Old  Eed  Sandstone  as  occurs  in  the  finer  sandstones 
two  miles  to  the  west  of  Waterford,  in  the  townland  of  Knockhouse 

Upper.  The  red  sandstones  which  lie  there  between  the  coarse  con- 

glomerates, all  dipping  north-west  at  20°,  are  traversed  by  a  clea- 
vage which,  according  to  Mr.  Du  Noyer's  notes,  dips  north-north-west 

at  an  angle  of  50°,  making  them  a  rough  sandy  slate. 
North  of  the  slope  of  Mount  Misery  the  ground  is  very  low  and 

flat  and  little  rock  is  shown  in  it  except  on  the  shores  of  the  river  Suir 
at  low  water,  where,  immediately  above  the  topmost  bed  of  fine- 

grained yellow  sandstone  are  seen  beds  of  grey  earthy  and  sandy 
shale,  hard  but  brittle,  weathering  to  a  light-brown  colour,  with 
partings  of  clayey  shale  in  which  marine  fossils  are  abundant. 

Mr.  Salter,  when  he  visited  this  locality  with  me,  noted  the  occur- 
ence of  stems  and  other  fragments  of  Rhodocrinus,  and  shells  of  the 

genus  Nucula  (Ctenodonta)  and  Aviculopecten  in  the  beds  immedi- 
ately above  the  yellow  sandstones.  Over  these  come  light-yellowish 

earthy  friable  shales,  with  seams  of  hard  dark-grey  calcareo-ferru- 
ginous  shale,  and,  above  these,  dark-grey  shales  with  hard  thin 
nodular  crystalline  limestones  all  full  of  fossils.  Above  these  are 
dark-grey  thin-bedded  limestones,  getting  thicker,  lighter  in  colour, 
and  more  crystalhne  as  we  ascend.  Large  quarries  are  opened  at 
Granny  andDunkitt  in  these  thicker  crinoidal  limestones;  and  nothing 
but  limestone,  sometimes  becoming  suddenly  magjiesian,  is  seen  for 
three  or  four  miles  to  the  north  of  the  quarries.  (See  section,  fig.  3.) 
In  the  shales  which  intervene  between  the  massive  limestones  and 

the  yellow  sandstones  which  form  the  top  of  the  Old  Eed, 
Mr.  Salter  noted  the  following  fossils  when  with  me  on  the  occasion 
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above  referred  to,  Foteriocrinus  crassuSy  Actinocrinus  jpolydactylus,  a 
species  of  Platycrinus  and  Pentremites ;  Corals  of  the  genera  Mich- 
elinia,  Zaphrentis,  and  Syringopora  ;  and  the  following  shells ;  Orthis 

Jlli'aria,  0.  crenistria,  Sjpirifera  disjuncta,  S.  glabra,  Athyris  squa- 
mosa, Strophomena  analoga,  Producta  Martini,  and  a  species  of  Pi- 

leopsis  (Acroculia). 
4.  Extent  of  the  Old  Bed  Sandstone,  north  and  west  of  Waterford. 

— The  Old  Eed  Sandstone  of  "Waterford  just  described  extends  con- 
tinuously northwards  into  Kilkenny,  and  westwards  through  the 

counties  Waterford  and  Tipperary  into  Cork  and  Kerry.  Following 
it  northwards  to  Kiltorcan  and  Thomastown  it  retains  the  same 

general  character  as  near  Waterford,  but  a  few  miles  north  of 
Thomastown,  it  gradually  thins  out,  and  finally  dies  away  near  Gores- 
bridge  (see  Explanation  of  sheets  147  and  157  of  Irish  Maps) ;  and  the 
Carboniferous  Limestone  then  reposes  directly  on  the  Lower  Silurian 
slates  and  the  Granite  of  the  County  Carlow. 

a.  The  Kiltorcan  Section. — At  Kiltorcan,  near  Ballyhale,  which  is  a 
village  about  five  miles  south  by  west  of  Thomastown,  in  the  Parish  of 
Knocktopher,  are  the  quarries  which  have  become  celebrated  for  the 
fossils  discovered  in  them.  For  a  full  account  of  the  geology  of  the 
neighbourhood  I  must  refer  to  the  Explanation  of  sheets  147  and 
157  of  the  Irish  Maps  in  the  Memoirs  of  the  survey ;  but  wiU  give 
here  the  following  brief  summary  of  it : — 

The  Old  Eed  Sandstone  lies  at  a  very  low  angle,  the  lower  beds 
gradually  rising  towards  the  east  into  some  brown  arid  moorlands, 
one  of  the  highest  points  of  which  is  in  the  townland  of  Coolroe-beg, 
785  feet  above  the  sea.  This  conglomerate  forms  a  little  escarp- 

ment there  overlooking  the  valley  of  the  Arrigle  brook,  which  runs 
northwards  into  the  Nore  below  Thomastown. 

Lower  Silurian  slates  and  grits,  partly  altered  into  mica-schist,  and 
Granite  with  highly  crystalline  greenstone,  also  probably  of  Lower 
Silurian  age  and  altered  by  the  Granite,  appear  from  under  the  base 
of  this  Old  Eed  Sandstone  on  the  east,  while  towards  the  west  it 
dips  gently  to  the  village  of  Ballyhale,  where  it  is  covered  by  black 

shales,  and  those  again  by  grey  limestone,  as  near  Waterford  *. 
About  half-way  between  Coolroe  and  Ballyhale  some  quarries 

were  opened  at  Kiltorcan  in  a  greenish  grey  flag,  interstratified  with 
brown  sandstones  and  bright  red  slates.  This  greenish  flag  was 
luckily  not  aifected  by  the  slaty  cleavage,  and  when  our  fossil-col- 

lector, the  late  James  Flanagan,  was  assisting  Mr.  Wyley  in  the 
examination  of  the  district,  he  discovered  some  large  ferns  and 
bivalve  shells  there.  This  was  in  the  year  1851,  when  the  late 
Professor  Edward  Forbes  was  with  me  near  Cork,  and  we  immediately 
inspected  the  district  together.  Forbes  afterwards  named  the  shell 
Anodonta  JuJcesiif  and  the  fern  Cyclojoteris  Hibernica ;  but  M.  Adolphe 

*  The  north-west  boundary  of  the  Granite  under  the  Old  Eed  cannot  be 
seen  in  this  locality,  and  its  place  therefore  is  a  little  uncertain. 

t  There  is  much  inconvenience  attending  this  practice  of  affixing  personal 
appellations  to  species  of  fossils.  I  can  never  speak  or  write  of  this  shell  without 
feeling  guilty  of  egotism,  and  conscious  of  the  appearance  of  a  wish  to  thrust  it 
into  importance,  because  it  has  my  own  name  attached  to  it. 
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Brongniart  has  since  referred  the  latter  to  the  genus  Adiantites. 
This  quarry  has  been  repeatedly  visited  since,  especially  by  Mr.  W. 
H.  Baily,  and  our  present  fossil-collectors  C.  Gal  van  and  Alexander 
M'^Henry,  and,  among  other  things,  numerous  scales  and  some  teeth 
of  fish  have  been  found.  Many  of  these  scales  were  decided  by  Mr. 
W.  H.  Baily  to  be  those  of  Coccosteus,  a  determination  in  which 
Professor  Huxley,  when  he  examined  them,  fully  agreed ;  others, 
respecting  which  the  latter  gentleman  felt  some  doubt,  are  believed 
by  Mr.  W.  H.  Baily  to  belong  to  the  genera  Asterolepis,  Bothriolejpis, 
Glyptolepis,  and  Ptericlithys,  or  certainly  to  be  identical  with  those 
figured  by  Agassiz  under  those  names  (see  for  figures  Explanation 
of  sheets  147  and  157  of  Irish  Geological  Survey  Maps).  There  i& 
also  part  of  the  shell  with  a  piece  of  the  claw  of  a  crustacean, 

apparently  a  Eurypterus,  among  the  fossils  from  these  beds.  "We have  found  the  Anodon  and  the  fern  at  other  localities  in  Ireland, 
as  near  Cork  and  at  Toe  Head  on  the  south  coast,  in  places  where 
the  rocks  were  not  so  luckily  preserved  from  cleavage  as  at  Kiltorcan, 
so  that  only  a  few  fragments  could  be  collected  in  a  sufficient  state 
for  transmission  to  the  Museum*. 

b.  The  Com,eragh  Mountains. — It  was  just  now  said  that  the  Old 
Red  Sandstone  of  Waterford  was  not  only  continuous  northwards  to 
Kiltorcan  but  westwards  through  Waterford  and  Tipperary. 

The  ridge  of  Old  Red  Sandstone,  shown  in  fig.  3.  p.  326,  maybe  fol- 
lowed along  the  south  side  of  the  valley  of  the  Suir  for  25  miles  to  the 

westward,  as  far  as  the  neighbourhood  of  Clonmel,  the  height  of  the 
ridge  increasing  to  an  altitude  of  600  and  800  feet,  and  the  dip  of 

the  beds  to  50°  and  60°,  and  occasionally  more. 
The  Old  Red  Sandstone  rests  un  conformably  on  Lower  Silurian 

rocks,  which  for  the  first  20  miles  are  exposed  in  the  country  to  the 
south  of  it,  and  dips  northwards  conformably  under  the  Lower 
Limestone  shale  and  Carboniferous  Limestone,  as  it  does  at 
Waterford.  About  five  miles,  however,  before  coming  to  Clonmel  the 
Old  Red  Sandstone,  after  rising  steeply  out  from  underneath  the 
limestone  valley  in  order  to  form  this  ridge,  is  no  longer  denuded 
towards  the  south  so  as  to  expose  the  Lower  Silurian  base  on  which 
it  rests,  but  has  been  left  as  a  cover  to  those  beds.  Doubtless  this, 
cover  formerly  extended  over  the  whole  of  the  Lower  Silurian  area. 
In  the  part  where  it  is  still  preserved,  the  lower  conglomerate  of  the 

Old  Red,  after  rising  up  at  angles  of  50°  or  60°,  gradually  flattens 
towards  the  south,  and  ultimately  becones  horizontal,  or  undulating 

gently  at  angles  of  10°  or  15°  for  a  space  of  about  twelve  miles,  and 
forms  the  base  of  a  mass  of  high  ground  called  the  Comeragh  Mount- 

ains. These  are  upwards  of  2000  feet  high,  the  highest  point  being 
2597  feet  above  the  sea.  They  end  in  steep  indented  escarpments 

towards  the  east,  in  which  the  beds  are  thoroughly  exposed. '  One 
precipice  over  Lough  Coumshingaun  is  itself  1250  feet  in  height, 
exposing  horizontal  beds  of  Old  Red  Sandstone  through  the  whole 
height.      To  the  south  of  the  Comeraghs  the  beds  dip  steeply  again 

*  Mr,  Doran,  the  fossil-collector,  also  discovered  a  fine  specimen  of  the  Anodon 
in  the  Old  Red  Sandstone  near  Clonmel. 
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to  the  south,  and  the  surface  of  the  ground  also  falls  again  in  that 
direction,  but  much  more  gently.  The  Old  Eed  then  passes  beneath 
the  Lower  Limestone  shale  and  Carboniferous  limestone  of  the  valley 
of  Dungarvan,  as  shown  in  Pig.  5. 

The  thickness  of  this  Old  Eed  Sandstone  is,  according  to  Mr.  Du 
Noyer,  not  less  than  1.700  feet  near  the  Suir  valley,  increasing  towards 
the  south-west  until  it  becomes  upwards  of  3000  feet  north  of  Dungar- 

van (see  Explanation  of  sheets  167  &c.  of  the  Irish  Survey  Maps,  and 
the  Longitudinal  section,  sheet  13).  The  Lower  Limestone  shale  also 
is  materially  thicker  on  the  south  of  the  Comeraghs  than  it  is  on  the 
north.  The  black  shales  and  the  flaggy  limestones  near  Clonea  Castle, 
about  four  miles  east  of  Dungarvan,  seem,  from  their  exposure  on 
the  shore,  to  have  a  thickness  of  600  or  700  feet.  They,  however, 
as  well  as  the  limestones  immediately  above  them,  are  so  much 
affected  by  slaty  cleavage  that  the  bedding  is  often  greatly  obscured 

by  it.  This  fact  is  observed  by  Sir  H.  De  la  Beche  in  the  '  Memoirs 
of  the  Geological  Survey,'  vol.  i.  p.  76. 

The  gently  undulating  arch  of  Old  Eed  Sandstone  which  forms  the 
Comeragh  Mountains,  is  continuous  as  a  ridge  of  lofty  ground  for 
thirty-five  miles  to  the  westward,  first  sinking  to  650  feet  in  the 
pass  of  Ballynamult,  then  rising  to  2600  feet  in  the  peaked  hills 
called  the  Knockmeildown  Mountains,  and  then  dying  away  in  the 
much  lower  Kilworth  Hills  south  of  Mitchellstown.  The  gentle  un- 

dulations in  the  beds  in  the  Comeraghs  become  more  pronounced 
farther  west,  and  the  beds  are  folded  into  sharp  anticlinal  and  sjn- 
clinal  curves,  which  let  in  a  little  trough  of  shale  and  limestone  in 
the  very  centre  of  the  hills  between  the  Knockmeildowns  and  the 
Kilworth  Hills. 

The  axes*  of  these  curves  then  gradually  sink  towards  the  west, 
and  the  Old  Eed  Sandstone  dissappears  in  that  direction  beneath  the 
plain  of  Carboniferous  Limestone  that  extends  from  Mitchellstown  to 
Mallow.  The  undulations  in  the  beds,  however,  do  not  cease,  the 
limestone  beneath  the  plain  being  bent  into  curves  like  the  Old 
Eed  Sandstone  of  the  hills. 

This  Carboniferous  Limestone,  after  wrapping  round  the  extremi- 
ties of  the  Kilworth  Hills,  runs  down  the  valley  of  the  Blackwater 

past  Lismore  and  Cappoquin,  and  is  continuous  out  to  Dungarvan 
Harbour  and  Clonea.  Between  Fermoy  and  Dungarvan  the  Lime- 

stone lies  in  a  long  narrow  trough,  the  Old  Eed  Sandstone,  which 
dips  underneath  it  from  the  hills  on  the  north,  quickly  rising  out 
again  towards  the  south  into  a  persistent  ridge,  which  stretches  east 
and  west  right  across  this  part  of  Ireland  from  Dungarvan  Harbour 
to  Doulus  Head  in  Dingle  Bay,  a  distance  of  120  miles. 

5.  Old  Heel  Sandstone  of  North  Corh,  South  Waterford,  and  South 

Kerry. — This  continuous  ridge  forms  the  northern  margin  of  a  tract 
of  Old  Eed  Sandstone,  having  a  mean  length  of  100  miles.  It  is 
18  miles  broad  at  the  eastern  end,  measuring  from  a  little  south  of 

*  By  the  axis  of  a  curve  I  understand  the  purely  imaginary  line  about  which 
the  beds  may  be  suppos?d  to  be  bent,  and  not  any  particular  mass  of  rock  that 
appears  at  the  surface. 
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Lismore  to  Knockadoon  Head  on  the  south  side  of  Youghal  Bay,  and 
spreads  to  a  breadth  of  36  miles  towards  its  western  extremity,  mea- 

suring from  Rossbehy  in  Dingle  Bay  to  Sheeps  Head  on  the  south 
side  of  Bantry  Bay.  Its  southern  as  well  as  its  northern  margin  is 
formed  by  a  continuous  ridge  of  Old  Bed  Sandstone,  stretching  across 
Ireland  from  sea  to  sea,  forming  Sheeps  Head  on  the  west  and  Knocka- 

doon Head  on  the  east,  the  distance  between  them  being  nearly  90 
miles.  This  large  area  of  Old  Red  Sandstone  is  puckered  into  nume- 

rous anticlinal  and  synclinal  curves,  the  axes  of  which  run  nearly 
east  and  west  in  its  eastern  portion,  but  bend  to  west-south-west  and 
east-north-east  on  its  western  side.  These  axes  also  rise  and  fall 
frequently  along  their  course,  the  lower  beds  rising  out  to  the  surface 
where  each  axis  rises,  the  higher  beds  taking  the  ground  where  the 
axis  falls.  Not  only  do  different  beds  of  Old  Bed  Sandstone  crop 
up,  then,  as  we  trace  the  summit  of  an  anticlinal  curve,  or  take  the 
ground  as  we  follow  the  hollow  of  a  synclinal  trough,  but  in  the 
latter  case  the  Carboniferous  Limestone  is  often  brought  in  below 
the  present  surface  of  the  ground,  and  preserved  as  a  limestone 
trough.  These  limestone  troughs  run  sometimes  for  many  miles, 
until  the  gradual  rise  of  the  axis  of  each  synclinal  brings  the  lowest 
limestone  beds  to  the  surface,  and  in  its  prolongation  the  synclinal 
curve  is  traceable  only  in  the  Old  Red  Sandstone. 

Towards  the  East  we  have  first  the  limestone  trough  of  Rath- 
cormacJc,  Tallow,  and  Aglish,  about  24  miles  long;  secondly  the 
small  trough  of  Clashmore,  only  two  miles  long.  Both  these  seem  to 
terminate  eastwardly  in  faults  which  jump  the  Old  Red  Sandstone 
up  above  the  level  of  the  limestone  in  the  same  line  of  strike. 
Thirdly  we  have  the  trough  of  Youghal  and  Ardmore,  about  10  miles 
long ;  fourthly  comes  the  long  trough  of  Midleton  and  Cork,  which 
runs  westwardly  from  Youghal  Bay  to  Cookstown,  a  distance  of 
55  miles*.  North  of  the  extremity  of  this  are  the  minor  Carboni- 

ferous troughs  of  Riverstown,  Blarney,  Ardrum,  Coachford,  and 
Annaghallagh  (the  latter  a  little  south-west  of  the  town  of  Macroom), 
all  nearly  on  the  strike  of  the  Ardrmre  and  Youghal  trough.  To 
the  west  of  the  Annahgallagh  trough  the  undulations  do  not  bring 
in  any  beds  superior  to  the  Old  Red  Sandstone  itself,  for  a  length 
and  width  of  upwards  of  20  miles  between  Dunmanway  and  Mill- 
street.  A  great  thickness  of  Old  Red  Sandstone  is  exposed  in  this 
tract,  as  the  beds  in  some  places  dip  steadily  north  or  south  at 

angles  of  50°  or  60°  for  two  or  three  miles  continuously,  clear 
exposures  of  them  being  observable  on  the  sides  of  barren  hills  bare 
of  drift.  These  sections  show  a  thickness  of  5000  or  6000  feet  in 

the  body  of  the  formation,  without  reaching  either  the  uppermost 
or  the  lowermost  beds,  and  such   sections  are  of  no  unfrequent 

*  In  a  hasty  traverse  of  the  country  about  Pembroke  and  Tenby,  I  was  struck 
by  the  great  similarity  both  in  the  physical  geography  and  geology  of  that  country 
to  that  of  the  Cork  and  Youghal  district.  Mr.  Salter,  in  his  paper  "  On  the 
Upper  Old  Ked  Sandstone  and  Upper  Devonian  rocks,"  notices  the  identity  of 
the  beds  of  Pembrokeshire  and  South  Ireland  (Quart.  Journ.  Geol.  Soc.  vol.  xix> 
p.  474  et  seq). 

2x2 
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occurrence.  Farther  west  we  again  get  Carboniferous  beds  in  the 
hollows  of  two  of  the  synclinals,  making  first  the  Trough  of  Kenmare 
with  ordinary  Carboniferous  Limestone  for  about  10  miles,  and 
Carboniferous  Slate  only  for  about  12  or  15  more.  This  is  nearly 
in  the  strike  of  the  Tallow  trough.  Secondly  comes  the  Bantry 
Trough,  which  contains  Carboniferous  Slate  only,  and  is  about  40 
miles  long,  being  extended  4  or  5  miles  farther  to  the  east  than  it 
otherwise  would  be,  in  consequence  of  the  ground  rising  in  Shehy 
Mountain  to  a  greater  height  than  it  usually  does  when  it  is  formed 
.of  Carboniferous  rocks.  This  is  in  the  strike  of  the  Corh  and 

Midleton  trough. 
The  two  Carboniferous  troughs  of  Kenmare  and  Bantry  have  been 

.eroded  on  the  west  into  two  beautiful  bays,  separated  from  each 
other  by  a  lofty  Old  Red  Sandstone  ridge,  of  which  the  highest  point 
.(Hungry  Hill)  is  2250  feet  above  the  sea. 

Kenmare  Bay  is  separated  from  Dingle  Bay  by  another  broader 
and  loftier  promontory — that  of  Iveragh  and  Dunkerron,  in  which 

Carrantuohill  (3414  feet)  and  Macgillicuddy's  Eeeks  lie. 
The  rocks  are  well  shown  in  both  these  promontories  in  nume- 

rous glens  and  ravines  as  well  as  upon  bare  hill- sides,  and  while 
they  often  undulate  in  sharp  and  frequent  curves,  especially  near 
ihe  centres  of  the  districts,  there  are  also  numerous  places  where  a 

steady  dip  of  60°  either  to  the  north  or  south  may  be  observed  for  two 
•or  three  miles ;  and  this  in  places  where  the  majority  of  the  rocks 
are  hard  massive  sandstones  with  thin  interstratified  slates,  so  that 
no  mistake  can  be  made  of  cleavage,  or  oblique  lamination,  for  true 
bedding.  Notwithstanding  the  great  depths  to  which  we  can  thus 
.penetrate  into  those  beds,  there  is  no  appearance  of  any  change  in 
"the  nature  or  "  lie  "  of  the  rocks  which  would  enable  us  to  draw 
a  lower  boundary  to  them,  or  allow  us  to  suppose  that  we  have 
.reached  another  lower  formation. 

The  rocks  consist  of  red,  purple,  brown,  and  greenish  sandstones, 

sometimes  becoming  purplish-grey,  but  never  black  or  dark-grey, 
and  they  are  variously  interstratified  with  bright-red,  purple,  lilac, 
greenish,  and  yellowish  clay-slates.  The  slates  occasionally  pre- 

dominate to  such  an  extent  as  to  cause  the  mass  to  assume  the 

character  of  a  great  clay -slate  formation,  the  transverse  cleavage 
cutting  across  the  beds  generally  at  a  high  angle  and  with  a  steady 
strike  of  west-south-west  and  east-north-east,  but  dipping  sometimes 
to  one  side  and  sometimes  to  the  other  side  of  their  strike.  Thin 
bands  of  slate  between  thick  grits  are  often  perfectly  cleaved,  the 
cleavage  affecting  the  grits  to  such  an  extent  as  to  make  them  break 
into  sharp  dog-toothed  indentations  at  top  and  bottom,  and  some- 

times to  split  readily  into  thin  flags  at  right  angles  to  the  bedding. 
Although  the  districts  formed  of  this  Old  Red  Sandstone  have 

been  twice  diligently  searched  by  our  fossil- collectors  (James  Fla- 
nagan and  Charles  Galvan)  as  weU  as  by  the  gentlemen  who  laid 

down  the  rocks  upon  our  maps,  and  have  been  examined  by  many 
other  independent  observers,  no  trace  of  a  fossil  has,  as  yet,  rewarded 
the  search  in  either  of  these  two  promontories,  except  some  frag- 
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ments  of  plants  in  the  uppermost  beds,  and  some  very  obscure 
impressions  that  might  be  those  of  plants  lower  down  in  the  beds 
near  the  Lakes  of  Killarney. 

A  curious  track,  also,  in  some  purple  slates  near  Valencia  Island, 
was  discovered  by  Mr.  Kinahan.  It  seems  to  be  such  a  row  of 
minute  indentations  as  might  be  made  by  the  claws  of  some 
Crustacean.     (See  Explanation  of  Sheet  182,  &c.,  p.  11.) 

The  uppermost  part  of  this  great  series  of  reddish  and  brownish 
rocks  is  more  brightly  and  variously  coloured  than  the  lower  portion ; 

lilac- coloured  slates  occurring  there  more  fi-equently  than  elsewhere, 
while  the  peculiar  kind  of  massive  sandstone,  which  acquired  the 
name  of  Glengarriff  Grit  with  us,  is  more  abundant  lower  down. 
The  yellow  sandstones  and  greenish  slates  which  characterize  the 
top  of  the  Old  Eed  in  Waterford  pass  into  harder  and  slatier  grits 
further  west,  and  purple  slates  make  a  greater  figure  among  them ; 
though  these  are  by  no  means  absent  to  the  eastward,  as  may  be 
seen  in  the  hills  south  of  Clonmel.  Throughout  the  whole  region, 
from  the  south  side  of  Dungarvan  Harbour  to  the  extremities  of  the 
peninsulas  south  of  Dingle  Bay,  there  is  hardly  a  trace  of  conglo- 

merate in  this  Old  Red  Sandstone,  the  whole  being  essentially  a 
clay-slate  formation,  with  great  groups  of  sandstone  distributed 
through  it. 

6.  The  Lower  Limestone  Shale  of  the  Youghal  and  Ardmore,  and 
the  Gorh  and  Midleton  Troughs. — In  fig.  5  and  its  explanation  it  is 
shown  that  the  lowest  margin  of  the  Carboniferous  Limestone  and 
the  top  of  the  Old  Eed  Sandstone  are  thicker  at  Clonea  than  at 
Waterford.  A  still  greater  development  of  these  shales  and  the 
sandstones  associated  with  them  is  apparent  in  the  sections  about 

Ardmore*  and  Whiting  Bay,  and  near  Youghal. 
In  the  quarries  immediately  north  of  the  latter  town  the  thick 

dark-grey  and  brown  sandstones  are  well  shown,  some  of  them 
having  rippled  surfaces,  others  showing  impressions  of  large  plants 
several  inches  across.  Many  of  these  beds  were  originally  calca- 

reous, and  now  are  externally  converted  into  rotten-stone.  The 

dip  in  this  locality  is  70°  north,  and  the  group  of  shales  and  sand- 
stones between  the  red  beds  and  the  limestone  appears  to  be 

500  yards  wide,  which  would  give  a  thickness  of  1400  feet  if  the 

^  While  going  first  through  this  district  I  made  the  mistake  of  looking  on 
the  uppermost  thick  bed  of  coarse  sandstone  as  the  top  of  the  Old  Red  Sand- 

stone, and  thus  assigned  too  high  a  position  to  the  base  of  the  Carboniferous 
shale  group.  The  sandstones  are  often  very  similar  in  character  through  a  great 
thickness,  but  by  disregarding  them  and  looking  solely  to  the  characters  of  the 
shales  and  slates  interstratified  with  them,  we  hit  on  a  natural  boundary.  As 
long  as,  in  descending  from  the  limestone,  these  sliales  or  slates  preserve  their 
grey  or  black  colours,  marine  fossils  will  often  be  found  both  in  slates  and  sand- 

stones ;  on  the  other  hand,  as  long  as,  in  ascending  in  the  Old  Red  Sandstone, 

the  shales  or  slates  show  bright-red  colours,  no  marine  fossils  will  be  found  in 
either.  The  instances  of  any  alternation  of  red  and  grey  slates  are  very  few,  even 
if  they  really  exist  at  all,  so  that  in  an  ascending  section  the  first  black  slates,  in 
a  descending  one  the  first  red  or  purple  slates,  will  give  the  boundary  between 
the  Carboniferous  series  and  the  Old  Red  Sandstone  with  great  approximate 
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dip  were  steady  for  the  whole  distance.     Possibly  900  feet  would 
not  be  far  from  the  real  thickness. 

Proceeding  up  the  Cork  and  Midleton  trough  to  the  westward, 
the  next  most  instructive  section  will  be  one  drawn  north  and  south 
through  Carrickshane,  near  the  town  of  Midleton,  to  the  Old  Eed 
Sandstone  hills  on  the  north. 

Fig.  6. — /Section  across  Bilberry  Hill. 
B.  Eoxborough 

House.  BUberry  Hill. 

dl  c 

Length  of  Section,  3^  miles, 

{d'^.  Thick-bedded  grey  limestone  with  fossils. 
d^.  Dark- grey  slates  with  white  and  brown  sand- stones. 

c.   Old  Eed  Sandstone        Eed  slates  with  red  and  brown  sandstones. 

The  thickness  of  the  slates  here  is  not  exactly  determinable,  as 
the  exposures  are  few  and  scattered,  and  one  of  them  gives  a  dip  of 

10°  to  the  north,  indicating  an  anticlinal  curve.  The  quarries  and 
cuttings,  however,  which  were  opened  at  Bilberry  Hill  in  the  year 
1851,  when  the  late  Edward  Forbes  visited  this  locality  with  me, 
were  crowded  with  the  little  eases  of  Crustacea  which  were  then 

called  Cypris,  since  Cypridina,  and  are  now  known  as  Leperditia. 

Forbes  was  greatly  struck  with  these  "  Cypris-slates,"  as  we  then 
called  them,  comparing  them  with  those  known  on  the  continent  as 

Gypridina-schiefer. 
The  width  of  the  tract  at  Bilberry  Hill,  in  which  grey  and  blue 

slates  and  brownish  and  whitish  sandstones  are  interposed  between 
the  massive  Carboniferous  Limestones  and  the  bright-red  slates  and 
red  and  green  sandstones  of  the  Old  Red  Sandstone,  is  about  a  mile 
and  a  half,  but  reference  to  our  maps  will  show  that  there  is  a  fault 
as  well  as  a  curve  in  this  tract.  A  list  of  the  fossils  collected  in  the 

Carboniferous  Limestone  near  Midleton,  and  those  found  in  the  grey 
slates  and  grits  of  Bilberry  Hill,  drawn  up  by  Mr.  Baily,  will  be 
found  in  the  Explanation  to  sheet  187  of  the  Irish  maps.  The 
limestone  fossils  include  more  than  seventy  species  of  Corals,  Shells, 
&c.,  such  as  are  most  abundant  throughout  the  Carboniferous  Lime- 

stone of  the  British  Islands.  The  fossils  from  the  slates  are  fewer, 

and  I  will  therefore  quote  the  list  here  : — Fenestella  antiqua,  Orthis 
Michelini,  Producta  Martini,  Bhynchonella  pleurodon,  Spirifera  li- 
neata,  S.  striata,  8.  VerneuiUii  (or  disju7icta,  with  the  variety  called 
Mosquensis),  Aviculopecten  nexilis,  Cypricardia  Phillipsii,  Modiola 
MacAdami,  Orthoceras  undulatum,  Leperditia  (^Cypridina)  suhrecta. 

The  black  slates  and  dark-grey  grits  strike  steadily  along  the 
south  side  of  the  Old  Red  Sandstone  ridge  from  Bilberry  Hill,  through 
the  city  of  Cork,  and  on  to  Cookstown,  everywhere  dipping  south  at 
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a  high  angle  under  the  Carboniferous  Limestone.  They  are,  however, 
often  concealed  by  the  alluvial  flats  which  are  formed  on  them  by 
the  river  Lee  and  the  branches  of  Cork  Harbour,  but  may  be  seen 
in  many  places  about  Cork ;  for  the  details  of  which  I  must  refer  to 
the  Explanation  of  sheet  187  of  the  Irish  Survey  maps. 

7.  The  Knockadoon  and  Sheeps  Head  Anticlinal,  and  the  country  to 
the  south  of  it,  around  Queenstown,  Kinsale,  Bandon,  Skihbereen,  and 
Carrighoy. — The  southern  margin  of  the  North  Cork  Old  Red  Sand- 

stone district  is  formed  by  a  narrow  anticlinal  ridge  of  Old  Eed, 
which,  as  mentioned  at  p.  330,  stretches  across  Ireland  from  Knocka- 

doon Head  to  Sheeps  Head.  Along  the  south  side  of  this  ridge  the 
dark  slates  and  grits  which  interpose  between  the  Old  Ked  Sandstone 
and  Carboniferous  Limestone  are  equally  continuous,  and  may  be 
followed  in  the  lirst  instance  from  the  north  shore  of  Ballycottin  Bay 
to  Queenstown,  and  thence  by  Monkstown,  and  Myrtle  Hill  near 
BaUea,  to  Ballinhassig,  which  is  24  miles  west  of  Ballycottin  Bay. 
From  Ballinhassig,  both  the  Old  Bed  Sandstone  ridge  and  the 
dark  slates  and  grits  on  the  south  of  it,  may  be  followed  for  still 
another  26  miles  to  Dunmanway,  and  still  farther  west,  without 
any  break  (except  an  occasional  glen  coming  through  the  ridge) 

past  Dromdaleague  to  Carrigboy,  and  down  the  north  side  of  Dun- 
manus  Bay,  until  we  come  to  the  lofty  vertical  cliiFs  of  Sheeps  Head 
itself. 

Eor  the  first  20  miles,  starting  from  Knockadoon  Head  on  the  east, 
the  dark  slates  and  grits  dip  under  beds  of  Carboniferous  Limestone 
on  the  south  side  of  the  ridge,  as  they  do  on  the  north  side  of  it ; 
but  the  slates  and  grits  on  the  south  side  become  materially  thicker 
as  we  follow  them  towards  the  west,  until  about  Five  Mile  Bridge 
and  BalHnhassig  there  is  no  longer  any  Carboniferous  Limestone 
above  them. 

Fig.  7. — Section  from  Ballea  across" Myrtle  Hill. 
River 

Ballea.  Owenboy.  Myrtle  Hill 

.    d2 

N. 

North  Fir  Hill. 

Lenetli  of  Section,  about  3  miles. 

J   n    u     -^  T-       *         r^  •  Thick-bedded  erey  crmoidal  limestone. a.  (Jarboniierous  Limestone  i-Ji-r.!  ^  i.        -i.^.  a  -u  v 
[  a^.  JJark-grey  slates  with  grey  and  brown  grits. 

c.  Old  Eed  Sandstone      |  Purple  and  green  slates,  and  red  a
nd  brown  sand- stones. 

In  fig.  7  we  get  a  diagrammatic  section  across  the  valley  of  the 
Owenboy  Eiver,  a  mile  or  so  west  of  Ballea  Castle.  This  runs  by  a 
house  called  Myrtle  Hill,  and  up  to  one  called.  Fir  Hill,  which  is 
about  580  feet  above  the  sea. 

Some  road-cuttings,  and  a  little  glen  which  brings  a  lateral  brook 
down  to  the  Owenboy,  show  the  rocks  well  upon  the  sides  of  this  hill. 
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The  lowest  beds  crop  out  near  the  hill  top,  and  consist  of  green  and 
red  slates,  apparently  horizontal  or  nearly  so ;  a  little  farther  south 

red  slates  and  sandstones  dip  south  at  40°  and  50°,  greenish  flags  and 
slates  are  occasionally  interstratified  with  the  red  slates,  and  the  dip 

increases  as  we  go  south  up  to  60°  and  70°.  Brown  sandstones  then 
come  in,  with  red  slates  between  them  at  first,  but  very  soon  with 
grey  slates.  Bluish  or  blackish  grey  slates  he  above  these,  with 
occasional  bands  of  brown  sandstones  and  grey  grit,  the  dip  being 

steady  at  50°  and  60°  to  the  south.  The  cleavage  in  the  slates  is 
also  very  steady  dipping  N.  20°  W.  at  80°  or  85°.  Grey  slates  are 
seen  down  to  the  road,  a  little  south  of  which,  crags  of  grey  crinoidal 
limestone  appear.  This  limestone  itself  is  also  much  cleaved,  so  that 
the  bedding  is  not  determinable  with  any  certainty. 

Immediately  south  of  this  the  grey  slates  rise  out  again  at  an  angle 

of  30°,  and  are  then  much  contorted,  as  may  be  seen  in  several  small 
quarries  and  cuttings,  but  still  better  in  the  little  ravine  which  the 
river  has  cut  near  Ballea  Castle,  on  its  way  from  this  patch  of  lime- 

stone to  the  western  termination  of  that  of  Carrigaline.  The  cleavage 

here  also  dips  steadily  north-north-west  at  80°,  through  all  the numerous  contortions  of  the  beds. 

The  thickness  of  the  Carboniferous  Limestone  here  cannot  be  very 
great,  perhaps  200  feet  at  a  maximum.  That  of  the  Carboniferous 
slate  and  grit  is  apparently  about  1500  feet,  while  the  Old  E-ed 
Sandstone  is  exposed  to  a  depth  of  4000  or  5000  feet,  the  lowest 
beds  being  bright-red  slates. 

The  fossils  found  in  the  Limestone  near  Ballea  comprise  jLmpleocus 
coralloides,  Spirifera  pinguis,  S.  striata,  JStreptorhynchus  crenistria, 
Actinocrinus  variabilis,  and  other  common  Carboniferous  fossils. 
There  are  several  fossil  localities  in  the  Carboniferous  slate  of  this 

neighbourhood,  from  one  or  other  of  which  the  following  species 
have  been  collected,  the  specific  determinations  being  made  by  Mr. 
W.  H.  Baily. 

Plants.     Filicites  lineatus  ("  linear  plants  "). 
CcELENTERATA.  CyathopTiyllum  (Petraia)  celticum ;  Pleurodictyum 

prohlematicum^ , 
PoLYzoA.      Ceriopora  rhomhifera ;  Fenestella  antiqua. 

Brachiopoda.  Athyris  ambigua  ;  Orthis  Michelini ;  Producta  sca- 
bricula ;  Henssellceria  stringiceps  ?  ;  Rhynchonella  pleurodon  ; 
JSpirifera  cuspidata,S.  striata,  S.  Yerneuillii  (S.  disjuncta);  Spiri- 
ferina  cristata,  var.,  octoplicata  ;   Terebratula  hastata. 

CoNCHiFERA.  Avicula  Damnoniensis  ;  Cucullcea  Hardingii,  (includ- 
ing the  varieties  amygdalina  and  trapezium)  ;  Curtonotus  elegans 

*  This  was  long  familiarly  known  to  us  on  the  Survey  under  the  name  of  the 
"  Belgooly  Coral."  Its  identification  with  Vleurodictyiim  problematicum  depends 
on  Mr.  W.  H,  Baily's  authority.  Doubts  of  the  correctness  of  that  identifica- 

tion having  been  expressed  by  Mr.  Salter  and  others,  Mr.  Baily  has  re-investi- 
gated it,  and  still  holds  by  his  opinion  that  it  is  either  that  identical  form,  or 

one  very  closely  allied  to  it.  As  it  is  now  believed  to  be  the  mere  cast  of  another 
coral,  minor  variations  in  the  form  are  to  be  expected.  Whatever  it  be,  it  is 
beyond  all  doubt  identical  with  specimens  from  Braunton  in  North  Devonshire. 
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(and  the  varieties  ̂ Zorj^aiws  and  rotundatus);  ModiolaMacAclami; 
Nucula,  sp. ;  Sanguinolites,  sp. 

Gasteropoda.     Acroculia  striata ;  Pleurotomaria,  sp. ;  Turho,  sp. 
Heteropoda.     Bellerophon  subglohatus. 
Cephalopoda.     Orthoceras  undulatum,  and  others. 
Echinodermata.     Actinocrinus  jpolydactylus  ;  CyatJiocrinus pinnatus, 

and  (?  Actinocrinus)  variabilis ;  Platycrinus,  sp. 
Crustacea.     Leper ditia  (Cypridina)  suhrecta. 

Specimens  of  CucuUcea  and  Curtonotus  were  found  at  several  lo- 
calities (see  Explanation  of  Sheet  187,  p.  17,  of  the  Irish  Survey 

Maps),  but  always  in  grits,  the  situation  of  which  showed  them  to 
be  low  down  in  the  Carboniferous  Slate.  One  very  good  locality  for 
those  shells  is  in  a  small  quarry  on  the  south  side  of  the  lane  leading 
westwards  to  Coolkirky  House,  near  the  hill  top.  The  fossils  occur 
as  casts  in  a  band  of  brown  sandstone,  about  4  inches  thick,  which 
is  almost  made  up  of  them,  though  similar  beds  both  above  and 
below  do  not  show  a  single  shell.  Those  sandstones  are  interstra- 

tified  with  beds  of  grey  slate,  all  dipping  north  at  65°  (lb.,  pp.  54, 55). This  occurrence  of  these  Conchifers  in  vast  abundance  in  some 
thin  bands,  and  their  total  absence  through  great  thicknesses  of  rock, 
is  what  takes  place  also  in  Devonshire,  as  I  saw  in  the  quarries  near 
Braunton. 

Fig.  8. — Section  near  Ballinhassig. 

Ballyheedy 
Chapel. 

Length  of  Section,  about  3  miles. 

d  .  Probably  Coal-measures. 

d^.  Carboniferous  slate  with  Coomhola  grits  in  lower  part. 
c.  Old  Ked  Sandstone,  red  slates  and  grits. 

In  fig.  8  we  have  a  section  on  the  flanks  of  the  same  Old  Eed 
Sandstone  ridge  as  that  shown  in  fig.  7,  and  across  the  same  valley 
of  the  little*  Owenboy  river,  but  a  few  miles  farther  west. 

The  Old  Red  shows  thick  red  sandstones  and  purple  slates  un- 
dulating in  various  directions,  but  chiefly  to  north  and  south,  and 

finally  dipping  south  at  a  high  angle,  the  upper  beds  having  much 
green  slate  interstratified  with  the  red. 

South  of  these,  strong  yeUowish-brown  sandstones  and  greenish- 
grey  and  yellow  flagstones  and  shales  show  themselves  in  the  rail- 

way-cutting, and  elsewhere,  dipping  south  at  70°,  and  still  farther 
south,  about  the  railway  tunnel,  greenish-grey  grits  and  grey  slates 
undulating  in  many  regular  arches  and  troughs,  but  on  the  whole 
dipping  south.  Interstratified  with  these  sandstones  are  dark-grey 
slates,  which  increase  in  number  as  we  pass  through  the  railway- 
tunnel  to  its  southern  termination,  where  soft  dark-grey  shining 

'■''  Owenbue,  or  Yellow  River. 
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slates,  with  thin  grit  bands  dip  south  at  45°  or  bb°.  These  are 
occasionally  very  fossiliferous,  the  species  being  some  of  those  given 
above.  Over  these  are  bluish-black  smooth  lustrous  slates  with 

occasional  nodules,  about  the  size  of  walnuts,  or  larger,  called  "■  Bulls' 
Eyes  "  by  the  quarrymen.  Down  in  the  road,  near  the  river,  they 
dip  south  at  60°.  These  bluish-black  slates  become  much  paler  by 
exposure  to  the  weather,  and  might  then  be  described  as  pale  green- 

ish-grey chloritic-looking  slate,  with  a  soapy  feel. 
On  the  south  side  of  the  valley,  in  the  lane  going  up  to  Ballyheedy 

Chapel,  we  meet  first  with  shining  slate  similar  to  that  just  described ; 
but  higher  up,  near  the  top  of  the  ridge  on  which  the  Chapel  stands, 
the  slates  become  more  earthy  and  blacker,  and  weather  to  a  rusty 
brown.  These  are  more  like  the  shales  or  slates  which  occur  in  the 
Irish  Coal-measures  above  the  Carboniferous  Limestone  than  ordi- 

nary Carboniferous  slate ;  and-  having  some  reason,  from  the  fossils 
contained  in  them,  to  suspect  that  they  really  were  Coal-measures,  I 
visited  the  district  again  two  years  ago,  to  search  for  other  exposures 
in  them,  but  was  not  successful  in  finding  any,  except  one  little 
quarry  a  mile  and  a  half  west-south-west  of  Ballyheedy  at  a  place 
called  Rag  Bridge. 

The  shales  or  slates  here  dipped  at  10°  only,  to  the  east,  and  had 
precisely  the  banded  iron-stained  appearance,  characteristic  of  the 
Lower  Coal-measure  shales  in  Ireland.  Their  surfaces  were  covered 

also  with  small  Posidonomya* ,  as  is  so  often  the  case  with  the  Coal- 
measure  shales. 

The  most  remarkable  evidence  for  the  Coal-measure  age  of  these 
shales,  however,  is  the  presence  of  certain  small  skeletons  of  fish, 
found  many  years  ago  at  Ballyheedy,  which,  by  the  advice  of  the  late 
Prof.  E.  Forbes,  I  submitted  to  Sir  Philip  de  M.  G.  Egerton.  He 
referred  them  to  the  genus  Coelacanthus,  a  genus  which  he  informed 
me  he  had  never  known  to  occur  below  the  Coal-measures.  Mr.  A. 

M'Henry,  one  of  our  fossil-collectors,  has  found  during  the  past  year 
some  specimens  very  similar  to  these,  and  in  precisely  the  same  sort  of 
black  slate,  in  the  Coal-measures  of  the  coast  of  Kerry  near  Bally- 
bunnion.  These  latter  specimens  occurred  near  the  top  of  the  cliff, 

a  quarter  of  a  mile  north  of  the  last  exposure  of  Carboniferous  Lime- 
stone, in  beds  which  lie  about  800  or  900  feet  above  the  top  of  that 

Limestone. 

Professor  Huxley  has  examined  both  sets  of  specimens,  and  wiU 
shortly  figure  and  describe  them ;  he  refers  them  to  his  restricted 
genus  Ccelacanthus,  which  he  also  does  not  know  as  occurring  below 
the  Coal-measures. 

I  believe,  therefore,  that  I  am  fully  justified  in  referring  these 
black  slates  of  Ballyheedy  to  the  true  Coal-measures,  and  that  we 
have  in  the  section,  of  which  fig.  9  is  a  sketch,  the  whole  series  from  the 

bottom  part  of  the  Coal-measures,  deep  into  the  Old  Eed  Sandstone, 
all  conformably  deposited.  Comparing  it  with  the  section  at  Ballea, 
(fig.  7)  5  miles  farther  east,  I  believe  the  Carboniferous  Limestone 

*  They  would  well  deserve  the  name  of  Posidonoynya-schist,  the  name  given 
to  beds  which  I  believe  to  be  the  same  beds  in  the  Ehine  country. 
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there  to  be  merely  the  topmost  beds  of  that  formation,  and  that  if 
the  denudation  had  spared  the  rocks  a  httle  more,  they  would  still  be 
covered  by  the  Coal-measures.  Coming  to  the  west,  that  limestone 
is  evidently  becoming  debased  and  dying  away,  for  in  the  farthest 
quarry  to  the  west,  while  there  is  one  good  mass  of  Crinoidal  Lime- 

stone, the  chief  part  of  it  is  gritty  and  earthy-looking,  and  so  impure 
that  they  have  ceased  to  quarry  it  for  burning  into  lime.  Black  shales 
lie  in  the  ground  half  a  mile  farther  west,  in  the  lane  leading  from  Old 

Five  Mile  Bridge,  and  on  the  hill  to  the  north  of  it,  where  impres- 
sions of  Posidonomya  are  abundant. 

If  those  black  shales,  and  those  of  Ballyheedy,  are  really  Coal- 
measures,  it  will  show  another  analogy  with  Devon,  where  the  Culm- 
measures  (which  are  exactly  like  the  Irish  Coal-measures)  rest  on 
the  Carboniferous  slate  without  the  possibility  of  drawing  any  decided 
line  between  the  two*. 

The  most  obvious  conclusion,  on  comparing  the  sections  of  Water- 
ford  and  Kilkenny  with  those  of  Midleton,  Ballea,  and  Ballinhassig 
(figs.  2  to  8),  is  doubtless  that  the  Lower  Limestone  shale  has  ex- 

panded to  the  south-west,  independently  of  any  change  in  the  Car- 
boniferous Limestone,  and  that  the  beds  which  form  the  base  of  the 

Limestone  at  Ballea  are  the  same  beds  which  are  the  base  of  the 

Limestone  at  "Waterford,  for  instance.  This,  however,  is  not  a  ne- cessary conclusion,  and  I  now  believe  that  the  limestones  die  away 
from  below  upwards  in  proportion  as  the  shales  or  slates  be- 

come thicker ;  so  that  what  appear  to  be  the  lowest  beds  of  Car- 
boniferous Limestone  in  the  south-west,  are  on  the  same  geological 

horizon  as  the  upper  beds  of  the  limestone  to  the  east  and  north. 
Owing  to  the  want  of  continuous  sections,  and  the  frequent  un- 

dulations of  the  beds,  it  is  impossible  to  assign  very  accurate  thick- 
nesses to  the  several  rock-groups  in  the  Ballinhassig  section,  fig.  8. 

Perhaps  we  might  calculate  the  Ballyheedy  Coal-measures  at  500  or 
600  feet  thick ;  the  thickness  of  exposed  Old  Bed  Sandstone  as  1500 
feet ;  and  the  Carboniferous  Slate,  between  the  two,  as  showing  a 
thickness,  which  may  be  as  little  as  3000  feet,  but  may  be  as  much 
as  5000  feet,  or  more. 

8.  Old  Head  of  Kinsale. — The  greater  estimate  is  certainly  not 
too  great  for  the  thickness  of  the  Carboniferous  slate  a  little  farther 
south,  about  Kinsale  for  instance.  The  narrow  promontory  which 
is  known  as  the  Old  Head  of  Kinsale  stretches  out  to  the  south  for 
3  miles,  with  vertical  chfis  on  each  side  of  it.  The  beds  strike  east 
and  west  from  one  cliff  to  the  other,  and  can  be  examined  on  both 
sides  from  a  boat,  and  are  occasionally  accessible  on  land.  Their 

general  dip  is  north,  at  angles  varying  from  40°  to  80°  or  90°. 

*  Mr,  Godwin -Austen  describes  the  limestone  of  Ugbrook  Park,  near  Newton 
Bushel,  in  South  Devon,  as  Carboniferous  Limestone  with  Devonian  (or  Strin- 
gocepjiahcs  Limestone)  below  it.  Although  I  have  not  yet  been  able  to  visit  the 
locality,  I  have  no  doubt  of  its  being  accurately  described  by  Mr.  Grodwin -Austen, 
and  that  the  Ugbrook  Park  Limestone  is  like  that  of  Ballea,  just  the  uppermost 
beds  of  the  true  Carboniferous  Limestone,  with  the  Carboniferous  Slate  lying 
under  it,  enclosing  inliers  of  String ocephalus  Limestone,  and  some  of  the  peculiar 
forms  of  fossils  to  which  the  name  "  Devonian  "  has  been  assigned. 
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At  the  extreme  southern  point  of  the  head  they  consist  of  hard 

greenish-grey  grits,  which  we  at  first  took  for  the  upper  part  of  the 
Old  E,ed  Sandstone,  but  which  are  the  same  as  those  afterwards 
called  the  Coomhola  grits. 

These  undulate  in  very  regular  troughs  and  saddles,  dipping  north 

and  south  respectively  at  angles  of  40°  or  50°.  Over  them  comes  a 
great  series  of  grey  slates  and  grey  and  greenish  grits,  the  dip  being 

steady  to  the  north  at  60°,  for  a  distance  of  a  mile  and  a  half.  The 
beds  then  become  more  purely  argillaceous,  black  shining  slates,  with 
occasional  bands  of  nodules,  and  grey  slate  weathering  to  a  light- 
green  tint  with  a  soapy  feel.  The  cleavage  is  often  vertical,  but  in 
Holeopen  Bay  was  noted  by  Mr.  Du  Noyer  as  dipping  to  south-south- 

east at  60°,  and  again  in  another  place  to  north-north-west,  at  80°.  To 
the  northward  of  Ringalusky  point  and  Black  Head,  undulations  occur 
again  in  beds  of  grey  slate,  but  still  with  a  general  dip  to  the  north, 
until  we  reach  Ballymackean  on  the  east  coast,  and  Lispatrick  Lower 
on  the  west,  where  the  promontory  unites  with  the  main  outline  of  the 
coast.  The  slates  here  are  black,  and  carbonaceous,  and  on  the 
Lispatrick  side  there  occur  numerous  specimens  of  Posidonomya 
Becheri,  Goniatites,  and  small  Orthoceratites,  making  it  probable  that 
we  here  again  have  some  of  the  basal  shales  of  the  Coal-measures 
brought  in  on  the  top  of  the  Carboniferous  Slate.  Immediately  to 
the  north  of  this  the  beds  rise  again  to  the  north  for  a  long  way,  as 
may  be  seen  by  following  the  cliffs,  eastwards  towards  Kinsale  Har- 

bour, or  westwards  along  the  shores  of  Courtmacsherry  Bay. 
Mr.  Du  IToyer,  after  making  all  allowance  for  the  undulations  of 

the  beds,  calculated  that  the  thickness  exposed  in  the  cliffs  of  the 
Old  Head  promontory  cannot  be  less  than  6500  feet  (see  Explanation 
of  sheet  194,  &c.  p.  23). 

9.  Cape  Clear  and  Mizen  Head  Antidinals. — Between  Ballinhassig 
and  the  Old  Head  of  Kinsale,  a  distance  of  15  miles  from  north  to 
south,  no  Old  Eed  Sandstone  reaches  the  surface  from  underneath  the 
Carboniferous  slate,  notwithstanding  the  numerous  anticlinal  and 
synclinal  curves  which  run  through  the  country.  Proceeding  towards 
the  west,  however,  two  main  anticlinal  ridges  of  Old  Eed  rise 
gradually  from  underneath  the  Carboniferous  slate,  increasing  in 
width  and  importance  as  we  proceed  further  west,  and  terminating, 
the  southern  one  in  Cape  Clear  Island,  and  the  other  in  the  Mizen 
Head.  Minor  undulations  also  bring  up  the  Bed  Bocks  on  both 
sides  of  Clonakilty  Bay,  forming  the  headlands  called  the  Seven 
Heads  and  Galley  Head,  and  also  in  Bearing  Water  Bay,  continually 
sub -dividing  and  narrowing  the  area  of  Carboniferous  Slate. 

The  Old  Bed  of  the  Mizen  Head  anticlinal  makes  its  first  appear- 
ance in  the  hill  of  Knockawadra,  5  miles  south  of  Dunmanway  *, 

stretching  thence  to  the  Mizen  Head.     It  was  on  the  south  side  of 

*  In  our  published  maps,  this  anticlinal  is  marked  as  showing  Old  Red  Sand- 
stone several  miles  farther  to  the  eastward ;  but  I  now  believe  that  the  strong 

green  grits  and  slates  which  were  at  jSrst  supposed  to  indicate  the  top  of  the  Old 
Eed  Sandstone,  belong  in  reality  k)  the  Coomhola  grits  in  the  Carboniferous 
Slate. 
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this  anticlinal,  2  miles  north- 
west of  the  town  of  Skibbe- 

reen,  in  a  lane  running  by  the 
E.  C.  Chapel  of  Abbeystrowry, 
in  the  townland  of  Mohanagh 

(just  under  the  name  Clashee- 
nagnaw,  as  engraved  on  the 
one-inch  map),  that  Mr.  Salter 
and  the  late  James  Elanagan 
and  I  met  with  the  large  casts 
of  CucuUcea,  and  other  fossils 
mentioned  in  a  paper  by  Mr. 
Salter  and  myself,  published 
in  the  '  Journal  of  the  Dublin 

Geological  Society,'  vol.  vii., — 
"  rounded,  sharply  keeled,  and 
trilobated  species  of  Bellero- 
phon  "  were  found  here,  as  well 
as  a  large  Lingula,  the  large 
CucuUcea,  called  afterwards  by 
Mr.  Salter  CucuUcea  Griffithii, 
abundance  of  Avicula  Damno- 

niensis  and  Rhynclionella  pleu- 
roclon,  and  other  shells. 

10.  The  Bantry  Bay  Trough. 
— On  the  northern  side  of  the 
Mizen  Head  anticlinal  lies  the 

trough  of  Carboniferous  Slate, 
the  western  extension  of  which 
runs  down  Dunmanus  Bay. 
On  the  northern  side  of  that 

trough  we  again  come  back  to 
the  ridge  of  Old  Red  mentioned 
before  as  stretching  from 
Knockadoon  Head  to  Sheeps 

Head,  and  forming  the  south- 
ern margin  of  the  North  Cork 

Old  Eed  Sandstone  district. 

The  exposure  of  Old  Eed  Sand- 
stone in  this  ridge  is  very  nar- 

row just  south  of  the  town  of 
Bantry,  the  beds  being  nearly 
vertical,  with  almost  vertical 
beds  of  Carboniferous  Slate 

(containing  Coomhola  Grits)  on 
each  side  of  it.  The  inter- 

vening space  of  red  slates  and 
grits  is  barely  a  mile  wide  in 
one  part. 

To  the  northward  of  this  lies 
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the  Bantry  Bay  trough  of  Carboniferous  Slate,  which  is  five  miles  in 
width.  The  beds  are  admirably  exposed  in  the  cliffs  on  both  sides 
of  the  Bay  and  in  the  various  hill-sides  and  brook-chaimels,  as  far 
into  the  country  as  the  eastern  base  of  Shehy  Mountain  (See  Ex- 

planation of  Sheets  192,  &c.,  of  193,  of  197,  &c.,  and  of  198;  also 
Sections,  sheets  19,  &c.).  Fig.  9  is  a  section  on  the  north  side  of 
this  trough  m  the  neighbourhood  of  Coomhola. 

The  beds  may  be  thoroughly  examined  here,  either  on  the  sides 
of  the  Coomhola  Eiver  above  Snave  Bridge,  or  on  the  shores  of  the 
Bay  from  Reenagough  Point  into  Glengariff  Harbour.  Fossils  may 
be  got  from  the  shores  about  Reenagough  and  Ardaturrish  Points 
pretty  plentifully,  but  only  with  much  labour  and  breaking-up  of 
the  rocks  by  strong  and  heavy  hammers. 

The  dip  here  is  steady  to  the  south  by  east  at  75°  or  80°  for  a 
mile  and  a  half  at  least,  with  scarcely  an  interval  in  which  rock  is 
not  observable. 

If  we  take  the  distance  across  the  edges  of  the  beds  at  8000  feet, 

and  allow  a  dip  of  75°,  this  gives  us  a  thickness  of  7760  feet.  Of 
this  thickness  we  may  assign  4000  feet  to  the  Old  Red  Sandstone, 
taking  the  uppermost  bed  of  purple  slate  as  its  upper  boundary. 
This  boundary  may  be  seen  at  a  little  cove  on  the  northern  part  of 
Ardaturrish  townland,  where  the  shore  bends  to  the  westward  in  one 
direction,  and  southwards  in  the  other.  South  of  that  there  are  no 

red  rocks,  the  grits  being  all  greenish-grey,  and  interstratified  with 
dark- grey  or  black  slates.  The  beds .  of  grit  are  2  or  3  feet  thick, 
and  they  occur  in  groups  200  or  300  feet  in  thickness,  with  bands 
of  grey  slate  of  similar  thickness  between  them.  They  strike  steadily 
from  this  shore  through  the  Coomhola  Glen  and  along  the  hill-sides 
for  ten  miles  to  the  eastward,  and  are  frequently  and  largely  exposed 
through  the  whole  distance.  They  must  have  an  aggregate  thick- 

ness of  at  least  3000  feet.  Above  them  is  a  great  thickness  of  black 
shining  slate,  probably  2000  or  3000  feet  more,  in  the  upper  part  of 
which  are  calcareous  bands,  becoming  in  some  places  crystalline 
limestone  in  beds  of  2  feet  in  thickness. 

Mr.  Salter  and  I,  with  James  Flanagan,  collected  the  following 

fossils  when  examining  the  Ardaturrish  shore  several  years  ago : — 
Linear  Plants,  both  in  the  uppermost  red  rocks  and  the  lowest 
grey  beds;  and  a  stem  of  the  plant  called  Knorria  (^.  Sagenaria)  in 

the  grey  grits*;  Avicula  Damnoniensis,  Cucullcea  trapezium,  Cur- 
tonotus  elegans ;  species  of  Lingula,  Modiola,  Pileopsis,  Cythere 
(Leperditia),  besides  RTiynchonella  pleurodon  and  other  Carboniferous 
Brachiopoda.  In  the  more  purely  argillaceous  parts  of  the  Carbo- 

niferous slate,  and  especially  in  the  calcareous  portions  of  it,  Encri- 
nites  and  Brachiopods  abound,  the  principal  of  the  latter  belonging, 

*  In  the  fine  work  lately  published  by  the  Society  des  Sciences  Naturelles, 

of  Strasburg,  entitled  '  Le  Terrain  de  Transition  des  Vosges,'  by  J.  Kcechlin- 
Schlumberger  and  Prof.  W.  Ph.  Schimper,  the  latter  learned  gentleman  has 
described  and  figured  several  fine  specimens  of  these  plants,  which  seem  to  be 
precisely  identical  with  those  which  are  so  abundant  in  the  upper  part  of  the 
Old  Eed  and  the  lower  part  of  the  Carboniferous  Slate  of  Ireland. 
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according  to  Mr.  Baily's  determinations  and  Mr.  Davidson's  confir- 
mation of  them,  to  Athyris  Royssii  or  A.  concentrica,  Chonetes  Hard- 

rensis,  Gyrtina  heteroclita?,  Producta  scahricula,  P.  semireticulata, 

Hhynchonella  pleurodon,  Streptorhynchus  crenistria,  Spirifera  lami- 
nosa,  S.  striata  S.  Yerneuillii  (disjuncta),  and  Spiriferina  cristata, 
var.  oetoplicata. 

These  are  especially  numerous  at  Eeenydonegan  point,  which  is 
made  of  about  the  highest  beds  of  the  district,  where  Phillipsia 
pustulata  was  to  be  got  in  great  abundance,  and  where,  in  addition 
to  the  above-enumerated  species,  the  following  were  also  procured: — 

Alveolites  depressa,  Chmtetes  tumidus,  Cyathophyllum  (^Petraia) 
celticum,  Fenestella  antiqua,  Glauconome  pluma,  Polypora  laam, 
Pullastra  histriata,  Acrocidia  vetusta,  Bellerophon  subglobatus,  and 
Cyathocrinus  variabilis. 

Although  the  highest  in  the  district  now,  and  5000  or  6000  feet, 

at  least,  above  the  top  of  the  Old  Red  Sandstone,  it  must  be  recol- 
lected that  we  have  no  proof  of  these  being  originally  the  highest 

beds  of  the  Carboniferous  slate. 

11.  The  Berehaven  Promontory  and  that  of  Iveragh  and  DunJcerron. 
— We  can  penetrate  in  many  directions  to  a  depth  of  many  thousand 
feet  into  the  Old  Red  Sandstone  by  means  of  the  numerous  glens  and 
ravines  in  the  Glengariff  country  and  throughout  the  mountainous 
ground  between  the  valleys  of  Bantry  and  Kenmare,  or  in  that  between 
Kenmare  and  Dingle  Bay.  In  some  of  these  deep  recesses,  which  cut 
directly  across  highly  inclined  beds  dipping  steadily  in  one  direction  for 
a  mile  or  two  at  a  time,  we  must  come  down  to  beds  which  are  8000 
or  10,000  feet  below  the  base  of  the  Carboniferous  Slate.  In  no  one 
instance,  however,  either  there  or  elsewhere  throughout  Ireland,  did 

we  find  any  dark-grey  slate  or  any  marine  organic  remains  in  or 
below  the  Old  Red  Sandstone,  until  we  came  down  to  Silurian  rocks 
and  fossils.  The  prevailing  colours  of  the  rocks  are  red  of  different 

tints,  alternating  with  different  shades  of  green.  Massive  sets  of' 
grits  (of  a  kind  called  by  us  Glengariff  Grits)  and  thick  bands  of 
slate  occur  of  both  these  hues ;  but  no  change,  either  lithological, 
palseontological,  or  stratigraphical,  which  would  enable  us  to  draw  a 
lower  boundary  to  the  Old  Red  Sandstone,  and  say  that  we  had  got 
into  any  other  formation  lying  below  it,  is  to  be  found  south  of 
Dingle  Bay. 

Sir  R.  I.  Griffith  does  indeed  draw  a  boundary  in  the  middle  of 
these  red  rocks,  and  considers  their  upper  part  only  to  be  Old  Red 
Sandstone,  and  the  lower  to  be  Uppermost  Silurian.  I  believe, 
however,  that  this  has  been  done  in  order  to  make  the  divisions  south 
of  Dingle  Bay  analogous  to  those  in  the  promontory  immediately  to 
the  north  of  it.  We  were  unable  to  discover  any  characters  which 
would  enable  us  independently  to  make  such  a  subdivision  to  the 
south  of  that  Bay.  That  the  upper  portion,  at  least,  of  this  great 
mass  is  really  Old  Red  Sandstone  is  beyond  a  doubt,  since  it  is 
physically  continuous  with  those  masses  in  the  eastern  part  of  Cork, 
and  in  the  counties  of  Waterford  and  Wexford,  to  which  no  English 
geologist  could  refuse  that  name. 
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12.  Dingle  Beds. — Although  it  has  no  direct  bearing  on  the  subject 
of  this  paper,  it  may  still  be  pointed  out  that  in  the  promontory  north 
of  Dingle  Bay,  the  Old  Eed  Sandstone  diifers  somewhat  from  that 
just  described,  both  in  lithological  character  and  in  the  thickness  and 
lie  of  the  beds. 

In  the  Dingle  Promontory  the  Old  Eed  Sandstone  contains  much 
more  conglomerate  than  it  does  south  of  Dingle  Bay.  It  has  large 
masses  of  quartzose  conglomerate,  and  also  a  very  singular  local  mass 
containing  chiefly  angular  fragments  of  granite,  gneiss,  mica-schist, 
felstone,  and  gritstone.  This  is  sometimes  as  much  as  400  feet  thick, 
but  thins  out  rapidly  in  each  direction.  AVe  have  spoken  of  it  as 

the  "  Inch  Conglomerate  "  (see  Mr.  Du  Noyer's  descriptions  in  Ex- 
planation of  Sheet  160,  &c.,  pp.  6,  14,  and  41). 

This  Old  Eed  Sandstone  rises  conformably  from  under  the  base  of 
the  Carboniferous  Limestone  and  has  a  thickness  of  3,000  or  4,000 
feet,  but  it  rests  quite  unconformably  on  some  highly  inclined  red 
rocks, — slates,  sandstones,  and  conglomerates, — which  have  a  much 
greater  thickness  and  a  rather  different  lithological  character.  These 

seem  to  repose  conformably  on  Ludlow  and  Wenlock  rocks  at  Dun- 

quin  and  Ferriter's  Cove.  We  have  provisionally  designated  them 
as  the  Dingle  Beds.  They  are  at  least  10,000  feet  thick.  Their 
conglomerates  differ  both  from  the  Inch  and  the  quartzose  conglom- 

erates of  the  Old  Eed  Sandstone,  their  pebbles  being  chiefly  rounded 
and  angular  pieces  of  brown  sandstone,  in  some  of  which  Llandovery 
fossils  were  found.  The  Dingle  beds  also  contain  beds  of  blood-red 
slates  of  a  brighter  colour  than  any  usual  in  the  Old  Eed  Sandstone 
of  Cork  or  Kerry.  On  the  other  hand,  their  sandstones  and  grit- 

stones are  very  much  the  same  as  those  found  in  the  rocks  of  the 
Iveragh  and  Dunkerron  Promontory,  south  of  Dingle  Bay,  especially 
some  pecuhar-looking  sandstones  lithologically  identical  with  the 

«  Glengariff  Grits." 
While,  then,  I  cannot  by  any  means  feel  sure  that  some  of  the 

lowest  rocks  seen  in  the  country  south  of  Dingle  Bay  are  not  the 
DINGLE  BEDS,  it  was  thought  best  not  to  assert  that  as  a  fact 
without  further  proof,  and  each  district  has  therefore  been  coloured 

in  our  maps  according  to  its  own  evidence.  In  the  Dingle  Promon- 
tory the  beds  on  which  the  Old  Eed  Sandstone  rests  unconformably 

are  separated  from  it  as  "  Dingle  Beds."  In  the  maps  of  the  other 
district  the  colour  used  to  distinguish  the  uppermost  beds,  which  are 
undoubtedly  Old  Eed  Sandstone,  is  continued  over  the  lower  ones 
because  we  failed  to  discover  any  characters  which  would  enable  us 
to  draw  a  lower  boundary  to  them. 

13.  Gradual  Changes  in  Lithological  Character. — It  must  not 
be  forgotten  that  in  thus  tracing  these  continuous  masses  of  rock 
across  such  large  portions  of  Ireland  there  occur  gradual  lithological 
changes  in  them,  which  might  easily  mislead  an  observer  who  saw 
them  only  at  distant  intervals.  Any  one  who  visited  only  the  Old 
Eed  Sandstone  of  Waterford,  and  then  went  at  once  to  Glengariff  in 

Bantry  Bay,  without  examining  the  intermediate  district,  might  de- 
cline to  believe  that  the  Old  Eed  Sandstone  there  was  part  of  the 
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same  formation  as  that  of  Waterford.  In  like  manner  any  one  who 
studied  only  the  Carboniferous  Slate  about  Cork  Harbour,  or  even 
about  Kinsale,  might  look  upon  the  Coomhola  Grit  portion  of  that 
group  in  Bantry  Bay,  and  in  the  western  Headlands  of  Cork,  as 
something  wholly  different. 

I  can  speak  from  personal  experience  on  this  point,  as  I  myself 
made  mistakes  when  first  mapping  the  rocks  of  Bantry  Bay,  trusting 
to  the  ideas  gained  about  Cork  Harbour.  The  identity  of  the  rather 
dissimilar  rocks  in  different  parts  of  the  country  came  out  as  the 
final  result  only  of  the  Survey,  when  the  beds  had  been  patiently  laid 

down  on  the  six-inch  maps  (in  the  course  of  several  years'  labour), 
entering  on  those  maps  merely  the  data  shown  in  each  locality  as  it 
was  passed  through.  The  monotony  of  this  task  can  scarcely  be 
understood  by  amateur  geologists,  who  are  at  liberty  to  select 
their  localities  and  pick  out  the  more  interesting  and  important  bits. 
Its  value,  however,  becomes  understood  on  its  completion,  when  the 
results  are  gathered  from  a  mass  of  data  collected  by  different  ob- 

servers working  independently  without  any  foregone  conclusions  to 
vitiate  their  observations. 

14.  General  Conclusions  on  the  Roclcs  of  the  South-west  of  Ireland. — 
One  general  conclusion  may  be  briefly  stated  as  the  result  of  the  ex- 

amination of  the  western  part  of  the  county  Cork,  namely,  that  there 
are  two  great  formations  in  it,  the  Old  Red  Sandstone  below,  and  the 
Carboniferous  Slate  above ;  the  Old  Eed  Sandstone  containing  no 
marine  fossils  and  scarcely  any  fossils  at  all,  except  plants  in  its 
upper  portion;  the  Carboniferous  Slate  containing  some  of  these 
plants,  but  also  marine  fossils,  sometimes  in  great  profusion.  The 
Old  Red  Sandstone  has  a  prevailing  red  tinge  throughout,  with  no 
beds  of  black  or  bluish-grey  slate;  the  Carboniferous  Slate  has  a 
prevailing  black  or  bluish-grey  colour,  with  no  beds  of  a  red  tinge. 
Both  are  greatly  affected  by  slaty  cleavage. 

It  may  also  be  stated  that  where  the  Carboniferous  Slate  and  Car- 
boniferous Limestone  are  both  present  together,  the  Carboniferous 

Limestone  is  uppermost;  but  that  where  the  Carboniferous  Limestone 
has  a  thickness  of  2000  feet,  or  upwards,  the  dark  slates  between  it 
and  the  Old  Red  Sandstone  are  very  thin,  rarely  more  than  200  feet 
in  thickness ;  while  where  these  dark  slates  thicken  out  to  more  than 
2000  feet,  there  is  no  great  thickness  of  Carboniferous  Limestone  over 
them.  Where  the  Carboniferous  Slate  attains  a  still  greater  thick- 

ness, and  swells  out  to  three,  four,  or  five  thousand  feet,  it  has  never 
any  Carboniferous  Limestone  over  it  at  all,  but  there  appear  here 
and  there  patches  of  black  slate  upon  it,  which  both  lithologically 
and  palseontologicaUy  resemble  the  Coal-measures.  If  so,  the  Car- 

boniferous Slate  occupies,  there,  the  whole  interval  between  the  top 
of  the  Old  Red  Sandstone  and  the  base  of  the  Coal-measures,  with  a 
perfectly  conformable  and  continuous  series  of  beds  to  the  exclusion 
of  the  Carboniferous  Limestone;  and  therefore  replaces  that 
Limestone.  Dark  grey  mud  and  sand  were  at  first  deposited  over 
the  whole  area,  but  were  subsequently  restricted  to  a  part  of  it, 
where  they  continued  to  be  deposited  in  great  quantity ;  while  in  the 
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rest  of  the  area  clear  water  prevailed,  in  which  limestone  was  formed 
from  the  Crinoids  and  other  animals  that  flourished  in  that  part. 

15.  Sudden  Changes  from  thiclc  Limestone  to  Mechanically  formed 
Rocks. — Many  persons  may  feel  a  difficulty  in  supposing  it  possible 
that  a  sudden  change  can  take  place  from  thick  limestones  to  mere 
slates  and  sandstones.  My  own  experience  among  coral-reefs,  how- 

ever, relieves  me  from  any  such  difficulty.  The  barrier-reefs  of  the 
north-east  coast  of  Australia,  for  instance,  are  continuous  for  about 
1200  statute  miles,  and  have  a  steep  edge  throughout  that  course, 
which  in  one  part  at  least  is  upwards  of  1800  feet  in  depth.  They  end 
against  the  coast  of  New  Guinea,  on  the  north  side  of  Torres  Straits, 
in  a  massive  reef,  called  the  Warrior  Eeef,  which  is  itself  thirty  miles 
long  and  as  massive,  and  steep  too,  though  by  no  means  so  deep,  as 
any  other  reef  to  the  southward.  Immediately  east  of  it,  however, 
the  coast  of  New  Guinea  is  fronted  by  extensive  mud-flats ;  and 
shoal  water,  with  a  muddy  and  sandy  bottom,  stretches  oif  the  coast 
for  sixty  miles  from  the  shore ;  and  the  land  consists  of  mangrove- 
swamps  for  an  unknown  distance  into  the  interior,  and  this  for  a 
space  of  150  or  200  miles  along  the  coast.  There  must  then  be  as 
abrupt  a  change  here  as  we  can  imagine,  from  a  widely  spread  and 
continuous  calcareoas  mass,  to  one  consisting  principally  or  entirely 
of  a  mechanically  formed  deposit. 

No  one  can  study  the  Carboniferous  Limestone  minutely  without 
seeing  that  it  is  essentially  composed  of  crinoidal  fragments.  Even 
in  the  compact  parts  of  the  limestone,  examination  with  the  lens  will 
disclose  many  little  shining  faces  of  crystalline  Calcite  with  a  dot  in 
the  middle,  which  Professor  John  Phillips  long  ago  pointed  out  to 
me  as  a  sure  indication  of  a  crinoidal  joint.  The  limestone  has  been 
formed  by  the  growth  of  submarine  forests  of  Encrinites  ;  the  debris 
of  each  successive  generation  being  ground  down  or  decomposed  into 
calcareous  mud.  So  far  as  the  circumstances  of  depth  and  bottom 
favoured  the  growth  of  these  animals,  they  flourished  ;  where  there 
occurred  a  sudden  change  in  those  circumstances,  they  ceased  to  grow. 
The  very  incoming  of  quantities  of  mud  and  sand  would  be  one  of 
the  circumstances  most  likely  to  arrest  their  growth.  The  animals 
inhabiting  seas  with  a  sandy  or  muddy  bottom  would  naturally  be 
somewhat  different  from  those  hving  in  the  clear  water  among  the 
forests  of  Crinoids.  Neither  would  it  appear  to  me  at  all  surprising 
if,  when  circumstances  favourable  to  the  growth  and  formation  of 
local  banks  of  limestone  occurred  within  the  muddy  and  sandy  area, 

some  animals  should  live  there  of  a  diff'erent  species  or  genus  from 
those  in  the  other  part  of  the  sea  where  the  crinoidal  forests  grew. 

III.  Geological  Steuctijee  of  Nokth  Devon. 

1.  Baggy  Point  to  Dulverton. — In  a  paper  read  before  the  Dublin 
Geological  Society*  on  May  10th,  1865,  and  published  in  their 

*  The  name  of  this  Society  has  lately  been  altered  by  Her  Majesty's  per- 
mission into  that  of  the  Royal  Geological  Society  of  Ireland,  the  members  being 

empowered  to  call  themselves  Fellows  thereof. 
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Journal,  I  went  at  length  into  the  reasons  which  induced  me  to 
identify  the  beds  about  Barnstaple,  Pilton,  Marwood,  Braunton,  and 
Baggy  Point  with  the  Carboniferous  Slate  of  Cork,  and  the  red  beds 
of  Yention  in  Morte  Bay  with  the  top  of  the  Old  Eed  Sandstone  of 
Cork. 

The  greenish  and  brownish  grits,  containing  large  Cucullcece,  &c., 

known  as  "  Marwood  Sandstone,"  are  represented  in  Ireland  by 
similar  sandstones  with  the  same  fossils  as  mentioned  at  pp.  336,  337. 
These  sandstones  expand  in  Bantry  Bay  into  the  great  mass  which 

there  acquired  the  name  of  ''  Coomhola  Grits."  I  believe,  however, 
that  any  attempt  to  separate  these  beds,  either  in  Devon  or  Ireland, 
as  a  distinct  group  from  the  Carboniferous  Slate  in  which  they  lie, 
will  merely  mislead  us.  Both  the  sandstones,  and  the  peculiar  fossils 
which  they  contain,  are  local  occurrences,  either,  or  both  of  which 
may  be  present  in,  or  absent  from,  the  same  formation  in  different 
districts.  I  satisfied  myself  during  the  excursion  in  1861,  of  which 
the  paper  mentioned  above  gives  an  account,  that  the  Old  Eed  Sand- 

stone which  crops  up  in  the  south  corner  of  Morte  Bay,  is  continuous 
into  the  country  at  least  as  far  as  the  moor  called  Span  Head  on  the 

Ordnance  Map*,  a  distance  of  about  twenty  miles ;  and  that  the 
Carboniferous  Slate  continues  that  far  to  the  south  of  it.  The  time 

at  my  disposal  did  not  allow  me,  on  that  occasion,  to  do  more  than 
take  one  walk  from  Barnstaple  across  to  Ilfracombe  and  back,  and 
what  I  saw  during  that  traverse  merely  bewildered  me.  There 
was  apparently  a  prevailing  dip  to  the  south  all  across  the  country, 
nevertheless  the  rocks  about  Ilfracombe  were  very  unlike  any  that  I 
knew  of  in  the  Old  Red  Sandstone  of  Ireland,  and  had  a  certain  resem- 

blance to  parts  of  the  Carboniferous  Slate.  I^Tot  finding  any  fossils, 
however,  I  hesitated  to  do  more  than  hint  at  a  doubt  whether  "  the 
Ilfracombe  beds  were  really  below  the  red  beds  of  Morte  Bay,"  and 
to  suggest  a  suspicion  that  they  "  may  belong  to  the  Carboniferous 
Slate  rolled  in  to  the  north  by  contortions,  and  somewhat  different 

lithologically  from  those  farther  south  "  (loc.  at.  pp.  10  &  11). 
After  the  meeting  of  the  British  Association  in  Birmingham  last 

year,  I  hoped  I  had  secured  an  opportunity  of  satisfying  myself  on 
this  point.  I  had  carefully  re-read  and  made  an  abstract  of  the  paper 
by  Professor  Sedgwick  and  Sir  E,.  I.  Murchison  in  the  fifth  volume 

of  this  Society's  Transactions,  and  had  in  consequence  dismissed  from 
my  mind  the  suspicion  mentioned  above,  and  set  out  with  the  full  con- 

viction that  the  rocks  of  the  north  coast,  about  Lynton  and  Ilfracombe, 
could  not  be  in  any  way  the  same  as  those  near  Barnstaple,  and  was 
accordingly  prepared  to  find  a  series  of  rocks  wholly  new  to  me. 

2,  Dulverton. — I  made  first  for  Dulverton,  some  ten  miles  farther 
east  than  any  ground  I  had  yet  seen.  I  found,  as  I  expected  from 
the  published  descriptions  f,  that  the  Carboniferous  Slate  and  Old 

*  The  people  of  the  country  give  the  name  of  Span  Head  to  another  hill  two or  three  miles  farther  to  the  east. 
t  See  especially  the  fossils  mentioned  by  Phillips  as  occurring  at  Brushford, 

near  Dulverton,  in  his  '  Palaeozoic  Fossils.'  I  collected  Orthis  interlineata  in  a 
quarry  there. 

2b2 
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Bed  Sandstone  of  the  Barnstaple  district  continued  steady  in  their 
strike  to  the  eastwards  to  at  least  some  miles  east  of  Dulverton. 

The  Carboniferous  Slate,  however,  appeared  to  me  to  be  getting 
thinner  to  the  eastward,  apparently  by  reason  of  the  dying  away  of 
the  sandstones  contained  in  it.  That  the  Marwood  Sandstones  were 

still  represented  was  evident  from  the  abundance  of  subangular 
blocks  and  angular  fragments  of  their  peculiar  kind  of  stone,  in  the 
lanes  and  ditches  and  fields  along  the  strike  of  the  lower  part  of  the 
Carboniferous  Slate ;  but  they  did  not  appear  to  be  quarried,  neither 
did  I  succeed  in  finding  any  fragments  containing  fossils.  In  the 
lanes  near  a  place  called  Crewsball  *  in  the  Ordnance  map,  a  mile 
west  of  Dulverton,  the  rocks  shown  in  the  ditches  were  exactly  like 
those  in  similar  ditches  near  Marwood.  A  mile  to  the  east  of  Dul- 

verton, too,  by  the  lane-side  going  over  the  hill  to  Burry,  there  is 
one  little  disused  quarry  in  which  these  sandstones  can  be  partially 

observed,  and  they  appeared  to  be  perpendicular,  striking  E.  10° 
north.  The  cleavage  in  all  the  slate  beds  about  Dulverton  strikes 
about  east-north-east  and  west-south-west,  dipping  either  north  or 
south  at  high  angles.  The  beds  also  dip  occasionally  to  the  northward, 
showing  that  they  are  either  undulated  or  inverted  in  places. 

Pig.  10." — Section  East  of  Dulverton. 

Upcot. Gulham Dulverton  Common. 

Length  of  section  about  three  miles. 

fd"^.  Coal-measures. 
d}.  Carboniferous  Slate  with  Marwood  Sandstone  in 

lower  part. 
/-Mj  -o  JO  ̂ A^i-^       fRed.  yellow,  and  greenish  sandstones  interstratified 

c.  Old  Red  Sandstone..  |     ̂.^^  ̂^^^^.^^^  ̂ ^|  ̂^^^.^j^  ̂ ^^^^^^ 

The  sections  most  interesting  to  me,  however,  near  Dulverton, 
were  those  in  the  Old  Red  Sandstone,  on  the  sides  of  the  vaUejs  of 
the  rivers  Barle  and  Exe.  Just  north  of  Dulverton,  in  the  valley 
of  the  Barle,  there  are  large  quarries  in  rocks  precisely  identical 
with  those  seen  in  so  many  places  in  the  south-west  of  Ireland  at 
the  top  of  the  Old  Red  Sandstone.  Hard,  massive,  fine-grained  grits 
of  various  tints  of  yellowish  white,  pinkish  red,  greenish  yellow,  and 
dark-red,  and  purple,  interstratified  with  bands  of  green  and  purple 

clay-slate,  dip  south  or  south- south- east  at  angles  varying  from  40° 
to  70°,  with  occasional  short  roUs  to  the  northward.  The  cleavage 
sometimes  imparts  a  sort  of  grain  even  to  the  sandstones,  at  right 

angles  to  the  bedding.     In  one  mass  of  bright-red  slate,  where  the 

*  No  such  name  as  "Crewsball"  was  known  to  the  people,  the  place  being 
called  "Willway."  In  like  manner  "Old  HoUom,"  a  neighbouring  farm,  ought 
to  be  "Old  Burry." 
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beds  were  perpendicular,  the  cleavage  certainly  dipped  north-north- 
west at  ed"". 

Higher  up  the  valley  of  the  Barle,  the  rocks  and  the  scenery  were 
precisely  those  of  many  valleys  about  Glengariff  and  Killarney.  In 
the  lane  going  up  from  Ashwick  Bridge  (a  mere  foot-bridge  called 
"a  clammer"  over  the  Barle)  to  Dulverton  common  and  there- 

abouts, there  were  many  small  exposures  of  rock,  of  which  the  fol- 
lowing notes  occur  in  my  note-book : — "  purple  sandy  slate  with 

grit-bands,  strike  east-north-east,  perpendicular,  genuine  Old  Eed 
Sandstone  of  Ireland."  "  Cleaved  red  sandstone,  or  sandy  slate,  pre- 

cisely like  Old  Red  Sandstone  of  Ireland,  dip  south-south-east  at  40°." 
Pig.  10  will  give  a  general  idea  of  the  facts  to  be  observed  near 

Dulverton. 

3.  Dulverton  to  Bunster. — Having  thus  satisfied  myself  that  the  Old 
Red  Sandstone  below,  and  the  Carboniferous  Slate  above,  were  con- 

tinued thus  far  to  the  east  without  any  material  change  in  their 
characters  from  those  that  they  possess  in  the  Barnstaple  country,  I 
proceeded  to  explore  the  country  to  the  north,  and  took  the  road  to 
Dunster.  I  was  disappointed  in  the  sections  on  the  sides  of  the  Exe, 
north  of  Chilly  Bridge.  There  are  only  occasional  small  road- cuttings, 
showing  pale  greenish-grey  soapy  slate,  in  which  I  was  unable  to 
determine  the  bedding  with  anything  like  certainty. 

These  rocks  are  evidently  the  "  Green  *  Chlorite  Schist  with  quartz 
veins"  of  Sedgwick  and  Murchison,  appearing  to  dip  under  the 
"  schists  and  thick  sandstones,  red  and  variegated,"  which  are  as 
obviously  the  rocks  which  I  have  just  spoken  of  as  Old  Red  Sand- 

stone. The  two  kinds  of  rock  were  nowhere  exposed  in  any  close 
proximity  to  each  other. 

Respecting  some  cuttings  a  little  S.  of  Exton,  I  find  in  my  note- 
book a  remark  to  the  effect  that  '^  it  is  not  easy  to  distinguish  these 

from  some  parts  of  the  Carboniferous  Slate ; "  though  when  I  wrote 
that,  I  was  under  the  thorough  conviction  that  I  was  deep  in  the  Old 
Red  Sandstone,  or  in  some  still  lower  formation.  The  cleavage  here- 

abouts dipped  to  the  south  at  40°,  and  the  beds  at  first  sight  seemed  to 
coincide  with  it ;  though  patient  hammering  disclosed  in  some  places 
what  appeared  to  be  the  lamination  of  deposit  dipping  northwards. 

At  Eyeson  Hill,  between  Exton  and  Wheddon's  Cross,  an  iron-mine 
was  opened  on  a  green  hill-side,  from  which  a  considerable  quantity 
of  haematite  had  been  extracted.  Reaching  Wheddon's  Cross,  which 
stands  on  the  crest  of  the  watershed  between  the  basin  of  the  Exe 

and  that  of  the  Dunster  brooks  (and  appeared  by  my  aneroid 
barometer  to  be  about  830  feet  above  the  sea),  I  went  to  examine 
some  old  lime-quarries  there.  In  these  there  were  beds  of  grey 
slate,  becoming  in  some  places  very  calcareous,  and  also  inclosing 

*  The  green  colour  in  sandstones  and  slates  was  formerly  attributed  to  the 
presence  of  chlorite,  without  hesitation.  It  is  probably  quite  as  often  due  to  the 
presence  of  the  silicate  of  protoxide  of  iron.  With  respect  to  these  slates  I 
believe  that  the  green  colour  only  appears  on  the  weathered  surfaces,  and  that 
when  quarried  they  yield  dark-grey  or  black  slates.  In  each  case  they  have  often 
a  peculiar  lustrous  surface  and  soapy  feel. 
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some  beds,  six  or  eight  feet  thick,  of  pale-grey  crystalline  limestone. 
Both  beds  and  cleavage  dipped  south  at  60°.  I  did  not  see  any  fossils, 
except  nests  of  what  I  concluded  was  Favosites  joolpnorpha  occurring 
in  branching  clusters,  somewhat  as  Fenestella  does  sometimes  in  the 
Carboniferous  Limestone.  It  is  probably  to  the  growth  of  this  coral 
that  the  limestone  is  due. 

These  calcareous  bands  are  described  by  Sedgwick  and  Murchison 
as  stretching  from  Combe-Martin  to  this  place,  and  then  sweeping 
round  Croydon  Hill. 

4.  JDunster  to  Lynton. — On  the  road  from  Dunster  to  Lynton,  there 
were  no  good  exposures  of  rock ;  though  a  detailed  search  in  the  beds 
of  the  brooks  and  the  cliffs  of  the  sea- shore  would  doubtless  disclose 

sufficient  to  enable  a  hard-working  geologist  to  make  out  the  struc- 
ture of  the  country.  Speaking  generally  for  Exmoor  and  the  neigh- 

bourhood, the  absence  of  any  good  continuous  sections  is  remarkable. 
High,  wide,  gently  undulating  moorlands,  covered  with  short  heather, 
or  lower  cultivated  ground  with  the  same  gently  undulating  surface, 
are  the  prevailing  features  of  the  country.  It  is  only  where  the 
brooks  cut  deep  into  the  ground  on  their  way  to  the  sea,  or  where 
the  sea  itself  has  cut  back  into  the  land  and  formed  cliffs,  that  any 
rock  is  seen,  except  in  a  few  small,  widely  scattered  quarries  and 
little  road-cuttings. 

The  rocks  thus  shown  on  Porlock  Hill  seemed  to  me  not  unlike 

parts  of  the  Irish  Old  Red  Sandstone. 

5.  Lynton^  and  its  neighbourhood. — My  very  first  walk,  however, 
after  arriving  at  Lynton,  through  the  Yalley  of  Eocks  and  along  the 
footpath  over  the  cliffs,  showed  me,  to  my  no  small  astonishment, 
that  I  was  again  among  rocks  belonging  to  the  Carboniferous  Slate. 

The  picturesque  crags,  so  well  known  to  tourists,  and  the  chffs, 
from  the  pebble  beach  on  the  shore  to  the  top  of  the  hill  south  of 
the  Yalley  of  Rocks,  ail  showed  beds  which  were  as  familiar  to  me 
as  Chalk  is  to  an  inhabitant  of  Dover,  or  Oolite  to  the  dweller  in 

Bath  or  Cheltenham.  The  blue-grey  slate  with  little  lighter- coloured 
bands  of  grit,  giving  a  stripe  to  the  slates,  the  beds  of  hard  grit 
often  highly  calcareous,  and  crowded  with  fragments  of  crinoids,  and 
others  more  purely  siliceous  and  destitute  of  organic  remains,  were 
aU  precisely  identical  with  those  which  stretch  for  so  many  miles 
along  the  shores  of  the  bays  of  the  deeply  indented  coast  of  Cork,  or 
sweep  into  the  interior  of  that  country  round  so  many  anticlinal 
ridges  of  Old  Red  Sandstone.  The  numerous  fragments  of  Brachio- 
poda  and  all  the  other  fossils  seemed  to  my  eyes  also  to  be  the  same 
as  those  of  Ireland.  The  colour  and  aspects  of  the  weathered  rocks 
were  also  exactly  similar. 

As  the  hiU-tops  south  of  the  Yalley  of  Rocks  appeared  from  my 
pocket  aneroid  to  rise  to  a  height  of  1300  feet  above  the  sea,  and  the 

rocks  dipped  south  at  10°  or  15°,  there  could  hardly  be  a  less  thick- 
ness seen  in  them  than  1500  feet,  and  they  are  so  well  exposed  that 

almost  every  bed  might  be  seen  somewhere  or  other  (see  fig.  11). 

*  In  almost  all  geological  works  this  name  is  spelt  Linton.  In  the  place  its?lfj 
however,  it  is  always  written  Lynton,  and  the  river  is  called  the  Lyne. 
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Fig.  11. — Section  across  the  Valley  of  Rocks. 
Eed-stained    Valley 

bands,     of  rocks. Eoad. 
Barbrick  Mill  ott 
theW.  Lyne 

Length  of  section  about  1-^  mile. 

Dark  bluish-grey  slate  with  calcareous  and  quartzose  grit  bands,  the  lower  or 
Coomhola-grit  part  of  the  Carboniferous  Slate. 

Along  the  coast,  and  in  parts  of  the  interior,  the  grey  rocks  are  stained  exter- 
nally of  a  bright  red  in  parallel  bands. 

Subsequent  explorations  along  the  coast  by  Woodabay  to  Heddons 
Mouth  and  round  by  Parracombe,  up  the  glens  of  the  East  and  West 
Lyne,  and  across  the  country  to  Simonsbath,  only  confirmed  me  in 
the  conviction  that  the  whole,  or  nearly  the  whole,  of  the  district 
consisted  of  Carboniferous  Slate.  Whether  the  upper  part  of  the 
Old  Eed  Sandstone  rises  from  beneath  it  in  a  narrow  antichnal  curve, 
or  even  more  than  one,  anywhere  between  the  coast  and  the  water- 

shed of  the  Exmoor  ridge  *,  or  whether  the  brown  sandstones  and 
thick  green  grits  which  I  saw  in  the  bed  of  the  brook  near  Spar- 
hanger,  and  in  a  little  quarry  on  Farley  Down,  were  in  the  Car- 

boniferous Slate  (a  part  of  the  Coomhola  Grit),  I  could  not  exactly 
decide. 

There  was  also  a  band  of  rock  at  Lynton,  in  the  Carboniferous 
Slate,  rather  different  from  any  I  know  in  Ireland.  This  is  a 
mass  of  greenish,  close-grained,  siliceous  grit,  with  liver-coloured 
blotches,  which  is  perhaps  200  feet  thick,  and  from  its  hardness 
often  makes  a  conspicuous  feature.  It  is  shown  in  the  cuttings  of 
the  upper  part  of  the  road  from  Lynemouth  to  Lynton,  and  the 
Castle  Hotel  at  the  latter  place  stands  on  it.  In  some  places  there 
are  small  beds  or  still  smaller  patches  of  grey  clay-slate  in  it.  In 
the  road-cutting  it  sometimes  assumed  the  appearance  of  a  bright- 
red  grit,  but  diligent  hammering  showed  that  this  red  colour  was  an 
external  stain  derived  from  the  peroxidation  of  some  ferruginous 
vein- stuff,  which  had  filtered  into  all  the  joints  and  crevices  of  the 
rock.  All  along  the  chifs,  from  Lynton  to  Heddons  Mouth,  the  grey 
rocks  are  similarly  stained  by  one  or  two  parallel  bands  of  bright- 

*  Just  as  I  was  sending  in  this  paper  to  the  Society,  I  received  the  February 
number  of  the  Journal  (No.  85),  and  in  the  paper  by  Mr.  Grodwin- Austen  on  the 
submerged  forest  of  Porlock,  I  perceive  the  rocks  about  Porlock,  and  thence  to 

the  valley  of  the  East  Lyne,  described  as  -'hard,  splintery  sandstones,  grits,  and 
pebble  beds,  with  partings  of  compact  shale,  the  whole  series  being  of  various 

shades  of  red,"  and  "very  distinct  from  the  grey  slaty  rocks  with  calcareous 
bands"  and  marine  fossils  which  extend  southwards  from  Lynton.  This  con- 

firms the  suspicion  I  had  formed  that  the  Old  Eed  Sandstone,  which  must  lie  at 
no  very  great  depth  under  the  Lynton  rocks,  rises  to  the  surface  towards  the 
east,  perhaps  in  one  low  anticlinal,  perhaps  in  more  than  one,  the  axes  of  which 
strike  nearly  east  and  west,  with  a  slight  rise  towards  the  east. 
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red  ferruginous  matter,  20  or  30  feet  in  width,  striking  steadily 
with  the  strike  of  the  rocks,  but  dipping  south  at  much  higher 

angles.  The  rocks  dip  south  at  angles  gradually  increasing  from  5° 
to  30°,  but  the  red  ferruginous  bands  are  inchned  at  angles  of  50° 
or  60°.  The  rock  thus  stained  red  externally,  is  dark  grey  when 
first  broken  open,  but  the  red  ochre  is  in  such  quantities,  and  so 
readily  stains  the  hammer  and  the  fingers,  that  even  a  fresh  fracture 
is  apt  to  get  raddled  soon  after  it  is  broken,  if  precautions  are  not 
taken  to  prevent  it. 

These  red  ferruginous  bands  are  very  deceptive  when  viewed  from 
a  little  distance,  and  especially  when  seen  from  a  boat,  as  they  look 
precisely  like  beds  of  red  rock,  and  have,  I  believe,  been  taken  for 
such  beds  by  some  previous  observers. 

I  believe  I  detected  the  origin  of  the  ochre,  at  the  cove  of  Heddons 
Mouth,  in  little  plates  and  strings  of  hsematite  in  the  quartz  veins 
there.  These  quartz  veins  traversed  certain  beds  of  rock  in  great 
quantity  without  penetrating  beyond  them,  either  above  or  below ; 
and  the  haemitite  occurring  as  nests  in  their  cavities  would  when 
weathered  be  naturally  converted  into  red  ochre. 

I  also  observed  at  Heddons  Mouth  a  mass  of  grey  grit,  curiously 
marked  on  the  surface  with  wavy  interrupted  lines  or  narrow  bands, 
like  the  edges  of  compressed  cups  of  Fenestella  in  the  Carboniferous 

Limestone*,  and  on  breaking  open  the  rock,  I  found  them  to  be 
similarly  due  to  undulating  sheets  of  Fenestella,  or  of  some  closely 
alKed  form. 

The  cleavage  of  the  rocks  from  Lynton  to  Heddons  Mouth  dips 

everywhere  south  or  south-south-east,  usually  at  an  angle  of  50°  or 
60°;  but  in  two  places,  where  the  beds  were  horizontal,  I  find  it 
recorded  in  my  note-book  as  dipping  at  as  low  an  angle  as  15°. 
The  beds  at  Heddons  Mouth  dip  south  at  20°;  east  of  Woodabay  the 
angle  increases  to  30°,  but  as  the  shore  bends  to  the  north,  the  angle 
flattens  to  15°  and  5°,  and  just  west  of  Lynmouth  the  beds  are 
horizontal.  I  did  not  visit  the  headland  east  of  this,  under  Countes- 
bury,  but  from  the  deck  of  the  steamer  the  beds  seemed  certainly 
to  dip  at  a  high  angle  to  the  north,  as  drawn  in  Sir  H.  De  la 

Beche's  sketch-section  in  the  Report  on  Cornwall,  Devon,  and  West Somersetshire. 

Proceeding  inland  the  beds  undulate  at  gentle  angles,  as  may  be  seen 
in  the  vaUey  of  the  East  Lyne  and  elsewhere.  A  little  farther  south, 
however,  there  appears  to  be  a  higher  northern  dip.  Greenish-grey 
grits  and  gritty  slates  dip  north-west  at  45°  in  the  bed  of  the  brook 
near  Sparhanger,  and  bluish  grey  slate  and  brown  grits  dip  north- 
north-west  at  20°  in  some  quarries  near  Brendon.  If  the  rocks  rise 
to  the  south  persistently  for  any  distance  south  of  this,  the  top  of  the 
Old  Red  Sandstone  will  probably  reach  the  surface.  I  did  not  see  any 
rock  for  some  miles  to  the  southward,  except  one  small  quarry  near 

Earley  Common,  where  a  brownish  sandstone  dipped  south-west  at30°. 
^  Mr.  A.  B.  Wynne,  now  of  the  Indian  Survey,  first  called  my  attention  in 

Ireland  to  the  fact  that  these  wavy  markings  were  the  edges  of  undulating  sheets 
and  cups  of  Femstella. 
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This  sandstone  might  be  either 
part  of  the  Old  Red  Sandstone 
or  a  Coomhola  grit.  No  rock 
was  to  be  seen  for  three  miles 
south  of  this,  on  or  near  to  the 
road  to  Simonsbath,  until  I  came 
to  a  place  where  the  road  crossed 
a  little  rocky  ravine  with  a  small 
brook,  which  the  driver  declared 
was  the  head  of  the  Exe  *. 

The  rock  shown  here  was  a 

bluish-grey,  shining,  clay-slate, 
precisely  like  some  parts  of  the 
Carboniferous  Slate  of  Ireland, 
which  appeared  to  dip  south  at 
10°.  Near  Simonsbath  similar 
slate,  but  paler,  appeared  to  dip 

south  at  30°.  At  both  places  the 
cleavage  dips  south  at  70°  or  75°, 
and  as  there  were  no  decided  grit 
bands,  and  no  layers  of  fossils, 
or  any  appearance  of  fossils  at 
all,  it  was  with  some  doubt  that 
I  decided  on  the  dip  of  the  beds. 

The  section  in  fig.  12  will  show 
the  above  facts  in  a  diagram- 

matic form,  starting  from  a  point 
a  mile  east  of  Lymmouth  and 

crossing  the  country  to  Simons- 
bath. 

The  green  little  open  valley 
of  Simonsbath  was  very  similar 

in  aspect  to  valleys  in  the  Car- 
boniferous Slate  in  Ireland,  and 

I  greatly  regret  that  I  was  un- 
fortunately prevented  from  re- 

turning here,  as  I  intended,  to 
trace  the  Barle  down  to  the  part 
where  it  runs  in  a  deeper  and 
wilder  glen  through  the  Old  Red 
Sandstone  north  of  Dulverton; 
for  it  is  there  that  I  should  most 

hope  to  find  sufficient  exposures 

*  The  people  at  Simonsbath  assured 
me  that  this  was  the  place  called 
Prayway,  which,  on  the  Ordnance 
map,  is  placed  at  the  head  of  another 
stream.  The  map  was,  indeed,  nearly 
useless  here,  as  neither  the  roads,  ri- 

vers, nor  features  of  ground  marked 
on  it  agreed  with  the  existing  ones. 
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of  rock  to  enable  one  to  observe  directly  the  relations  of  the  rock- 
groups  to  each  other. 

Eeturning  to  Lynton  I  collected  a  few  fossils  in  the  grey  calcareous 
grits  on  each  side  of  the  Yalley  of  Eocks,  and  snatched  rather  than 
collected  some  blocks  full  of  fossils  from  a  set  of  fragments  that  had 
slipped  from  the  cliffs  above  into  the  valley  of  the  East  Lyne.  I 
believe  the  fossiliferous  beds  near  the  hiU-tops  of  the  valley  of  East 
Lyne  to  be  very  nearly  on  the  same  horizon  with  those  of  the  Yalley 
of  Eocks,  and  to  be  above  the  hard  siliceous  grit-band  mentioned 
above  as  exposed  in  the  road  cuttings  down  from  Lynton  to  Lyn- 
mouth ;  so  that  fossils  may  probably  be  found  almost  everywhere  in 
the  upper  part  of  these  hill-sides.  I  found  them  certainly  at  several 
places  in  the  lanes  and  fields  above  Lynton,  south  of  the  Yalley  of 
Eocks,  in  grits  that  weathered  to  a  reddish  brown. 

These  fossils  were  examined  by  Mr.  W.  H.  Baily,  and  Mr.  David- 
son was  also  kind  enough  to  look  at  the  Brachiopoda  for  me.  On  the 

authority  of  those  gentlemen  they  contained  the  following  species : — 

Fenestella  antiqua.  Spirifera  speciosa,  var.  paradoxa. 
Athyris  concentrica.  Streptorhynchus  creni  stria  ?  or  umbra- 
Chonetes  sordida*.  culum. 
Ehynchonella,  sp.  ?  Pleurotomaria  aspera. 
Spirifera  aperturatat  ?  or  caudifera.  Actinocrinus  (or  Cyathocrinus)  variabilis, 
  hysterica  ?  Cyathocrinus  ellipticus. 
  Isevicosta  (ostiolata,  Schlot.).  Phacops  latifrons. 

There  is  one  little  quarry  on  the  hill-top,  south  of  the  Yalley  of 
Eocks,  near  where  a  small  tumulus  $  is  marked  on  the  Ordnance 

map,  in  a  grey  and  reddish  mottled  calcareous-looking  rock,  which 
is  full  of  fossils,  especially  Fenestella  and  a  small  Orthis  or  Chonetes. 

The  beds  in  this  quarry  dip  south  at  30°. 
6.  Lynton  to  Ilfracombe. — Proceeding  from  Lynton  to  Ilfracombe,  I 

was  again  disappointed  in  my  expectations  of  seeing  new  quarries  or 
cuttings  on  or  near  the  road,  which  keeps  as  much  as  possible  on  the 
high  ground.  As  before,  near  Exmoor,  this  high  ground  shows  a 

gently  undulating  dreary-looking  expanse,  rising  into  continuous 
moorlands  towards  the  interior,  and  ending  in  lofty  cliffs  along  the 
coast.  The  unbroken  outline  of  the  moorland  watershed,  and  the 
gradual  increase  in  the  number  and  depth  of  the  gullies  and  ravines 
that  run  off  on  either  side  of  it,  attest  the  influence  of  the  rain,  and 
its  resulting  rivers,  in  carving  out  all  the  picturesque  features  of  the 

*  Mr.  Davidson  seems  to  be  of  opinion  that  this  is  only  a  variety  of  the  Car- 
boniferous species,  Hardrensis  (Devonian  Brach.  p.  94). 

t  [Fragments  and  imperfect  casts  of  a  large  Spirifera,  with  irregular  and  wide 
ribs,  beautifully  covered  with  very  fine,  close,  concentric  lines,  which  Mr.  David- 

son says  he  could  not  determine  to  his  satisfaction ;  adding  that  it  is  probably  to 

a  fragment  of  this  shell  that  Phillips  applied  Schlotheim's  term  Spirifera  aper- 
turata  (Pal.  Foss.  Cornwall,  &c.  p.  77.  pi.  xxx.  fig.  133).  See  also  Mr.  Davidson's 
remarks,  at^pp.  26  &  116  of  his  "  Devonian  Fossils"  in  Mem.  Pal.  Soc.).]  Note 
by  Mr.  Baily. 

J  Curiously  enough  I  found  this  tumulus  to  be,  not  a  regular  conical  mound  or 
cairn,  like  those  which  are  common  in  Wales  and  in  many  parts  of  England,  but 

a  circular  rampart,  exactly  like  the  "Raths"  scattered  over  the  eouth  of  Ireland. 
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country.  Had  the  ravines  been  in  any  way  due  to  internal  disturb- 
ances and  dislocations  (a  belief  which  still  seems  to  linger  in  the 

minds  of  some  geologists  of  eminence),  why  did  not  some  of  them 
cause  at  least  one  ravine  to  cross  the  present  watershed  ?  The  rocks 
must  be  as  much  disturbed  about  the  watershed  as  anywhere  else, 
according  to  any  hypothesis  as  to  the  internal  structure  of  the 
country ;  but  the  surface  is  an  unbroken,  gently  undulating,  upland 
plain  or  moor. 

There  is  one  quarry  on  the  left  of  the  road,  about  a  mile  south-west 
of  Parracombe,  near  the  hill- top  before  reaching  the  turnpike,  which 
showed  a  glossy-black  slate  with  some  dove -coloured  sandstones, 
over  which  were  some  black,  earthy,  carbonaceous-looking  slates, 
all  dipping  south  at  30°.  I  was  half  inclined  at  first  to  look  upon  these 
as  possibly  the  base  of  the  Coal-measures  rolled  in,  as  a  small  basin, 
but  was  unable  to  find  any  fossils  in  them.  Subsequently  I  saw 
beds  like  the  grits  near  Ilfracombe. 

Going  down  the  hill  into  Ilfracombe  I  again  examined  the  quar- 
ries which  had  formerly  puzzled  me ;  but  was  again  baffled,  and 

unable  to  come  to  any  decided  opinion  as  to  the  dip  of  the  beds.  A 
very  strong  cleavage  dipping  south  at  a  high  angle,  obliterates  the 
stratification. 

"Walking  to  the  east,  however,  from  Ilfracombe  as  far  as  the 
bathing  place  called  Eapparee  Cove,  and  thence  over  the  hiU  to 
Helesborough,  I  met  with  rocks  of  unmistakeable  characters.  The 
dark  slates  with  occasional  grit-bands  are  precisely  those  of  Kinsale 
Harbour,  for  instance,  or  of  so  many  other  places  in  County  Cork. 
These  slates  lie  higher  in  the  series  than  those  in  which  the  Coom- 
hola  grits  occur.  The  grits  they  do  contain  are  usually  in  single 
beds  and  are  unfossiliferous.  The  slates,  too,  are  often  unfossiliferous 
in  Ireland  through  a  thickness  of  one  or  two  thousand  feet  and  an 
extent  of  many  miles.  The  general  dip  of  these  rocks,  east  of  Ilfra- 

combe, is  certainly  to  the  south,  at  angles  varying  from  30°  to  60°, 
but  this  dip  is  by  no  means  so  persistent  as  it  at  first  appears. 

As  it  is  possible  that  some  young  geologist,  unaccustomed  to  cleavage  in  rocks, 
may  visit  this  spot,  perhaps  I  may  be  pardoned  for  entering  a  little  into  details 
which  may  serve  to  guide  his  observations. 

Keeping  along  the  south  side  of  the  harbour  towards  the  bathing-cove,  which 
the  boatman  called  E-apparee  Cove,  he  will  see  a  hmekiln,  near  which  there  is  a 
little  cavernous  hole  under  the  cliff. 

The  arched  roof  of  this  little  cavern  nearly  coincides  with  a  curve  in  the  beds, 
as  shown  by  the  narrow  bands,  differing  slightly  in  colour  and  grain  (the 

"stripe"  of  Professor  Sedgwick),  which  indicate  the  original  bedding  of  the 
rock.     The  cleavage,  however,  dips  steadily  to  the  south  at  66°  (see  fig.  13). 

A  still  more  striking  example  presents  itself  in  Eapparee  Cove.  This  is  a 
small  pebbly  cove,  some  50  yards  across,  surrounded,  except  at  the  seaward 
opening,  by  vertical  cliffs  40  or  50  feet  high.  The  rocks  are  dark-grey  slate, 
with  two  single  beds  of  grey  grit  appearing  in  the  western  cliff,  both  dipping 
steadily  to  the  south  at  50°  or  thereabouts.  This  dip  is  so  obvious  that  an 
observer  might  readily  be  pardoned  who  entered  it  in  his  note-book  as  the  dip 
of  the  whole  mass  of  rock,  and  allowed  it  to  form  an  element  in  his  calculations 
for  the  thickness  of  the  group.  I  was  at  first  doing  so  myself ;  and  had  there 
been  a  path  out  of  the  cove  to  the  eastward,  might  have  been  satisfied  with  the 
observation,  and  passed  on.     The  only  entrance  to  the  cove  by  land,  however,  is 
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by  some  steps  cut  in  the  cliff,  near  the  foot  of  which  is  a  wooden  bathing-house  ; 
and  on  returning  towards  the  steps  my  attention  was  attracted  by  a  sharp  little 
ridge  of  gritstone  that  rose  up  from  among  the  pebbles  on  the  floor  of  the  cove, 
and  ran  towards  the  northern  corner  of  the  bathing  house. 

Fig.  13. 

Small  cavity  near  limekiln,  half  a  mile  east  of  Ilfracombe,  showing  contorted 
beds  traversed  by  slaty  cleavage. 

Fig.  14. 

Small  Anticlinal  ridge  in  Rapparee  Cove,  near  Ilfracombe. 

This  little  ridge  of  grit  had  a  steep  face  to  the  north,  on  which  was  a  well- 
developed  "ripple"  or  "current-mark."     As  this  could  have  been  formed  only 



1866.]  JUKES   OLD  RED  SANDSTONE  AND  DETONIAN.  857 

on  the  upper  surface  of  the  bed,  I  saw  at  once  that  the  little  ridge  was  the  top  of  a 
sharp  anticlinal  fold,  of  which  no  trace  appeared  in  the  cliif  of  slate  above  it. 
Neither  was  this  the  only  one,  for  some  other  crumpled  grits  showed  themselves 
a  little  farther  south,  on  the  floor  of  the  cove. 

These  undulations  greatly  reduced  the  thickness,  which  the  appearance  of  the 
two  grit-bands  on  the  western  cliff,  dipping  steadily  south,  and  so  far  apart  from 
each  other,  would  have  led  me  at  first  to  assign  to  the  rocks  shown  in  the  cove. 
Nor  was  this  all,  for  on  looking  more  attentively  I  found  that  the  two  grit-bands, 
which  seemed  to  strike  so  steadily  towards  the  east  in  the  western  cliff,  did  not 
appear  in  the  eastern  cliff  of  the  cove  at  all,  but  were  cut  off  by  some  fault  or 
"  trouble  "  at  the  south-east  corner  of  the  cove. 

The  western  cliff  was  formed  wholly  of  slate,  which  might  at  first  sight  be 
supposed  to  dip  south,  but  did  in  reality  undulate  in  various  directions,  and  was 
in  some  places  horizontal.  This  was  shown  by  the  little  parallel  bands  of  dark 
and  light-grey  colour,  about  one-tenth  of  an  inch  wide,  producing  what  we  call 
"  ribboned  slate  "  in  Ireland.  They  were  traversed  by  a  well-marked  cleavage, 
which  dipped  south  at  60°,  and  one  set  of  joints  was  parallel  to  this  cleavage,  pro- 

ducing exactly  the  appearance  of  bedding,  so  that  any  observer  who  was  not 
greatly  on  his  guard,  might  easily  have  been  deceived,  by  the  facts  observable  in 
this  cove,  into  assigning  a  steady  persistent  southern  dip  to  the  whole  of  the 
beds. 

From  what  I  saw  elsewhere  about  Ilfracombe  and  Mortehoe,  I  believe  that, 
while  there  is  a  real  general  dip  to  the  south  throughout  the  district,  this  dip 
is  by  no  means  so  prevalent  as  it  appears  to  be,  and  that  the  total  thickness 
is  accordingly  much  less  than  wovdd  be  at  first  supposed. 

In  the  little  cove  of  Helesborough,  about  a  mile  east  of  Ilfracombe, 
the  slate  contained  in  one  place  a  strong  calcareous  band,  consisting 
of  nodular  lumps  of  white  calc-spar,  weathering  brown,  with  strings 
of  the  same  substance  ramifying  into  the  grey  slates.  The  dip  hero 

is  certainly  south-south-west  at  35°. 
7.  PicJcweJl  Down  and  Mortehoe. — Proceeding  from  Ilfracombe  to 

the  south-west  by  Bieklescombe  and  Score  (?  Scaur),  and  thence  along 
the  lanes  towards  Pickwell  Down,  nothing  was  to  be  seen,  before 
reaching  Crosscombe,  but  smaU  quarries  and  cuttings  in  dark-grey 
slate,  apparently  without  any  grit-bands.  It  would  have  been 
quite  useless,  therefore,  to  waste  the  little  time  at  my  disposal  in 
attempting  to  determine  the  dip  of  the  beds.  The  cleavage  still 

dipped  e-very where  to  the  south  at  60°  or  thereabouts.  At  Cross- 
combe, however,  I  came  on  a  little  quarry  in  thick,  coarse,  brownish- 

red  sandstone,  with  slaty  partings,  some  of  which  were  a  dirty 

yellow,  and  some  of  a  bright-red.  "  Genuine  Old  Hed  Sandstone  "  is 
the  note  I  find  in  my  note-book  as  to  these  beds.  They  dip  S.  10° 
W.  at  45°.  Prom  this  quarry,  for  a  mile  and  a  half  to  the  southward, 
over  Pickwell  Down,  there  is  no  rock  exposed  in  situ,  that  I  could 
find,  except  in  shallow  little  quarries  that  did  not  go  deep  enough 

to  show  the  "  lie"  of  the  rock.  The  fragments  in  these  quarries, 
the  field-walls  that  had  been  built  from  them,  and  the  angular 
rubble  and  pieces  covering  the  ploughed  fields  and  stubbles,  con- 

sisted chiefly  of  yellow  and  red  gritstones  of  various  shades,  from 
light  yellow  to  dark  brown,  and  from  light  pink  to  deep  claret- 
colour.  Some  pieces  of  purple  slate,  or  of  yeUowish-green  slate 
also  occurred. 

I  walked  over  the  seaward  slope  of  Pickwell  Down,  hoping  to 
find  some  natural  or  artificial  excavation  that  would  disclose  the 
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rocks,  but  in  vain.  The  beach  is  backed  by  lofty  sand-dunes  piled 
against  the  foot  of  the  Down.  Nothing  seemed  to  be  shown  before 

reaching  the  farm  called  "  Yention,"  where  I  had  previously  seen 
rocks  identical  in  character  with  the  upper  part  of  the  Old  Eed 
Sandstone  of  county  Cork  (see  Journ.  Dublin.  Geol.  Soc.  vol.  x.). 

Taking,  however,  what  I  did  see  in  connexion  with  what  I  had 
previously  seen,  north  of  Braunton,  on  the  road  from  Barnstaple  to 
Ilfracombe,  near  Span  Head,  and  north  of  Dulverton,  I  can  have  no 
hesitation  in  affirming  the  existence  of  a  band  of  Old  Red  Sandstone 
striking  from  Morte  Bay,  for  a  distance  of  about  thirty-five  miles 
into  the  country,  with  a  general  dip  to  the  south,  at  a  very  high 
angle. 

The  surface-width  of  this  band  appears  to  be  about  two  miles ; 
and  if  we  estimate  its  average  dip  at  40°,  it  will  give  us  a  thickness 
of  about  7000  feet.  It  is,  however,  quite  possible  that  undulations 
in  the  beds,  if  we  could  see  them,  would  greatly  reduce  this  amount, 
and  that  the  actual  thickness  of  Old  Eed  Sandstone  which  reaches 
the  surface  may  not  be  more  than  half  that  calculated  above. 

Walking  along  the  beach  toward  Tracey,  I  found  some  crags  in 
situ  on  the  beach,  and  also  in  a  quarry  in  the  side  of  the  lane  going 

up  to  Pickwell  Down.  These  are,  about  "  Potter's  Hill,"  as  marked 
in  the  Ordnance  map.  The  crags  on  the  beach  are  described  in  my 

note-book,  as  "pale-grey  grits  and  slates,  dipping  south  at  70°,  cleavage 
perpendicular,  with  nodular"  bands,  as  if  calcareous,  but  I  believe 
ferruginous  (?).  Are  these  Carboniferous  Slate  or  Old  Eed  Sand- 

stone?" The  quarry  up  the  lane  is  described  as  showing  "  softish 
purple  and  green  sandy  slate,  dip  (?)  south  at  70°."  These  beds  are  so 
very  indefinite  in  character  that  I  must  frankly  give  them  up.  They 
might  possibly  be  deep  in  the  Old  Eed  Sandstone,  or  they  might 
be  part  of  the  Carboniferous  Slate. 

North  of  Tracey,  however,  where  the  rocks  are  well  shown  on 
the  coast,  and  thence  to  Mortehoe,  and  down  again  into  Lee  Bay, 
all  the  rocks  are  identical  in  character  with  parts  of  the  Carboni- 

ferous Slate  of  CO.  Cork,  such  as  are  shown  about  Bandon  and 
Kinsale,  or  about  Eosscarrberry,  or  between  that  and  Dunmanway. 

There  are  scarcely  any  grit-bands,  the  whole  mass  being  a  smooth, 
shining  clay-slate,  black  when  fresh  and  damp,  but  weathering  to  a 
pale  greenish-grey.  It  all  seems  at  first  sight  to  have  a  steady  dip  to 

the  south.  The  cleavage  certainly  does  dip  steadily  at  50°  or  60°, but  the  more  I  worked  with  the  hammer  at  the  slate  rocks  near 

Mortehoe,  the  less  persistent  appeared  to  be  the  dip  of  the  beds. 
Over  large  spaces  I  could  not  succeed  in  bringing  out  any  structure 
that  could  be  depended  on  as  the  stratification  of  the  rock.  On 

some  parts  of  the  low  rocky  clift's  near  Mortehoe,  the  true  bedding 
of  the  rocks  coincided  with  the  cleavage.  In  other  parts  the  beds 
dipped  northwards,  while  the  cleavage  dipped  south.  This  was  cer- 

tainly the  case  near  a  place  called  "  Yard,"  about  a  mile  north-east of  Mortehoe. 
YiTiile,  then,  I  agree  with  all  previous  observers  in  assigning  a 

general  southern  dip  to  the  whole  of  the  rocks  of  North  Devon,  and 
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believe  the  Mortehoe,  Simonsbath,  and  Exton  slates  to  be  above 
those  of  the  Lynton  district ;  I  believe  that  it  is  next  to  impossible 
to  assign  a  thickness  to  the  former  with  anything  like  the  approxi- 

mation to  certainty  we  might  possibly  do  to  the  latter,  and  that 
their  apparent  may  be  vastly  in  excess  of  their  real  thickness. 

In  making  observations  on  the  dip  of  the  beds  in  a  great  section  of  slates, 
even  the  most  practised  observers  may  be  occasionally  led  astray. 

If  the  beds  undulate  vrhile  the  dip  of  the  cleavage  is  steady,  and  if  the  sub- 
stance of  the  slate  be  very  homogeneous,  it  may  easily  happen  that  the  stratifi- 
cation is  only  vrell  shown  when  it  has  a  given  relation  to  the  cleavage,  when  for 

instance  they  coincide,  or  when  they  are  at  right  angles  to  each  other,  or  when 
they  cross  at  some  other  angle,  so  that  the  particular  mark  of  stratification  which 
the  kind  of  slate  possesses  shall  be  least  obscured  by  the  cleavage.  But,  when, 

in  observing  a  long  section,  a  number  of  these  comparatively  well-marked  "  dips" 
occur  at  several  intervals,  all  in  the  same  direction,  an  observer  is  apt  to  sup- 

pose that  the  intermediate  parts  dip  also  in  the  same  direction,  and  base  his 
estimate  of  thickness  on  the  width  of  the  whole  mass  and  its  mean  angle  of  in- 

clination. It  is  possible  he  may  be  right,  but  it  is  also  quite  possible  that  he 
may  be  wrong ;  and  that  the  section  may  only  show  the  same  comparatively 
small  group  of  beds  undulating  across  it,  as  suggested  in  fig.  15,  where  the  parts 
showing  the  bedding  distinctly  are  supposed  to  be  those  which  coincide  with 
the  cleavage. 

N.  rift-.  !''>.  s. 

Fig.  16. 

a,  b,  c,  d.  Places  where  the  stratification  coincides  with  the  cleavage,  and  is  there 
observable,  while  in  the  intermediate  places  it  is  not  discernable,  or  vice  versa. 

If  in  such  a  section  the  bedding  were 
well  seen  at  a,  b,  c,  and  d,  and  not  at  all 
observable  in  the  intermediate  parts,  the 
whole  mass  might  be  supposed  to  dip 
south  at  45°,  and  show  a  continuous  suc- 

cession of  beds,  instead  of  a  repetition  of 
the  same. 

While  on  the  subject  of  cleavage  I 
may  perhaps  be  allowed  to  mention  a 
structure  I  observed  at  Mortehoe,  which 
I  took  at  first  for  stratification,  but  had 
afterwards  reason  to  doubt  it;  I  have 
often  observed  it  before,  and  it  is  some- 

times very  deceptive,  and  may  accord- 
ingly lead  to  very  erroneous  conclusions. 

Along  certain  parallel  bands  in  the  slate, 
about  1  inch  in  width,  and  a  foot  or  two 
apart,  there  occurs  a  shake  or  crumple 
in  the  cleavage-planes.  Viewed  in  sec- 

tion it  would  be  as  in  fig.  16. 
It  is,  however,  when  observed  on  the 

face  of  a  bed  that  it  is  most  deceptive, 
as  the  change  of  tint  resulting  from  the 
difference  in  the  angle  of  reflection  of 
the  light  gives  to  the  little  bands  the  ap- 

pearance of  a  difference  of  colour  in  the 
substance  of  the  rock,  so  that  they  might 

be  taken  for  the  true  "  stripe  "  of  the  slate. 
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8.  Aspect  of  the  Country. — In  tra- 
versing the  country  between  Morte- 

hoe  and  Lee  Bay,  I  was  again  struck 
with  the  exact  similarity  of  the  form 
of  ground  and  nature  of  scenery  to 
that  so  frequent  in  the  Carboniferous 
Slate  country  of  county  Cork.  The 
general  surface  of  the  high  ground  is 
uniform  and  monotonous,  but  it  is 
cut  into  such  numerous  little  dells, 
opening  out  into  deeper  ravines,  and 
these  into  steep-sided,  flat-bottomed 
valleys,  that  it  becomes  picturesque 
and  beautiful.  The  tops  of  the  hills, 
too,  left  standing  between  the  ravines 
and  valleys,  are  varied  by  frequent 
little  brows  and  ridges  of  slate,  form- 

ing small,  parallel,  escarped  terraces, 
and  rocky  crags,  and  furze -covered 
knolls,  while  the  colour  and  nature 
of  the  soil,  and  all  the  minuter  fea- 

tures of  the  scenery  are  identical  in 
both  countries. 

I  was  hastily  summoned  from  II- 
fracombe,  on  private  business,  before 
I  could  examine  the  calcareous  bands 
and  other  rocks  of  Combe-Martin  and 
its  neighbourhood.  If,  however,  the 

Lynton  rocks  below,  and  the  Ilfra- 
combe  and  Mortehoe  rocks  above  be 

determined,  the  intermediate  Combe- 
Martin  beds  follow  as  a  matter  of 
course. 

9.  Probable  Existence  of  a  Great 
East  and  West  Fault  with  Downthrow 

to  tlie  Northivard. — Having  now  laid 
before  the  Society  the  means  I  have 
had  of  examining  the  rocks  and  form- 

ing an  opinion  upon  them,  I  have  to 
state  my  deliberate  judgment  that 
the  rocks  of  Lynton,  Ilfracombe,  and 
Mortehoe  are  part  of  the  same  group 
of  rocks  as  those  called  the  Carboni- 

ferous Slate  in  Ireland,  and  that  the 
rocks  which  strike  from  Pickwell 

Down,  through  Swinham  Down,  Gar- 
monds  Down,  Span  Head  (of  the  Ord- 

nance map),  and  Dulverton  Common, 
to  Haddon  Down,  are  the  upper  part 
of  the  Old  Red  Sandstone  of  Ireland ; 
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the  Irish  Old  Eed  Sandstone  being  the  same  as  that  of  South  Wales, 
but  more  indurated  and  traversed  by  slaty  cleavage.  If  that  judg- 

ment be  a  correct  one,  it  follows,  that  as  the  Carboniferous  Slate  of 
Ireland  is,  without  doubt,  above  the  Old  Eed  Sandstone,  the  Old 
Eed  Sandstone  striking  from  Pickwell  Down  to  Haddon  Down  will 

be  below  the  rocks  of  Lynton,  all  appearances  to  the  contrary  not- 
withstanding ;  and  that  consequently  some  great  fault,  with  a  down- 

throw to  the  north,  must  run  between  the  two,  as  suggested  in 
fig.  17.  The  alternative  to  the  conclusion  will  be,  that  there  is  a 

band  of  rocks,  from  3000  to  7000  feet  in  thickness,  precisely  re- 
sembHng  the  Irish  Lower  Group,  but  lying  in  Devonshire  in  the 
middle  of  the  Upper  Group.  If  there  were  any  direct  evidence  in 
Devonshire  that  such  is  the  structure  of  the  country,  all  that  could 
be  said  would  be,  that  it  was  a  very  remarkable,  and,  as  far  as  I 
know,  unexampled  occurrence.  There  is,  however,  no  direct  evi- 

dence for  it  beyond  the  general  southern  dip  of  the  country,  which 
is  just  as  compatible  with  one  hypothesis  as  the  other.  There  is  no 
place  that  I  could  find,  either  by  my  own  search,  or  described  in  any 
published  researches  of  others,  where  the  band  of  slates  stretching 
from  Mortehoe  to  Exton  can  actually  be  seen  to  pass  under  the  red 
sandstones  and  slates  that  stretch  from  Pickwell  Down  to  Haddon 

Down;  they  can  only  be  seen  to  dip  towards  them. 

10.  ThicJc7iess  of  the  rocks  of  North  Devon  on  the  ordinary  hypo^ 
thesis. — There  is  even  a  strong  presumption  against  the  ordinary 
hypothesis  to  be  deduced  from  the  enormous  thickness  which  it  com- 

pels us  to  assign  to  the  rocks  of  North  Devon,  and  that  without 
arriving  at  any  definite  base  to  them.  All  observers,  from  Sectgwick 
and  Murchison,  Weaver*,  De  la  Beche  and  Phillips,  down  to  our 
own  day,  when  the  Eev.  M.  Mules,  of  Marwood,  and  my  colleague, 
Mr.  Etheridge,  who  have  constructed  rough  maps  of  the  country  f, 
and  Mr.  Townshend  M.  Hall,  of  Pilton,  who  has  described  it  to  the 

Exeter  Naturalists'  Eield  Club:]:,  agree  in  the  opinion  that  there  is  a 
regular  succession  of  rock-groups,  dipping  one  under  the  other,  from 
Lynton  to  the  latitude  of  Barnstaple  Estuary  and  South  Molton. 

Mr.  Weaver,  the  accuracy  of  whose  observations  no  one  has  ever 
disputed,  divides  the  rocks  of  the  country  into  eight  such  groups,  as 
follows : — 

8.  Culmiferous  Shales.  1  r    i    f    f 

7.  WaveUite  schistus  and  limestone.  J  '"^^^ 
 ®^^'^^^' 6.  Trilobite  slates. 

5.  WooUacombe  sandstones,  flags,  and  slates. 
4.  Morte  slates. 

3.  Trentishoe  quartzy-slate  and  sandstone,  including  tlie 
Combe-Martin  limestones. 

2.  Lynton  calcareous  slates. 
3 .  Eoreland  sandstones  (top  of  Old  Eed  Sandstone  ?). 

*  See  Proceedings  of  Geol.  Soc.  London,  vol.  ii.  p.  589,  Jan.  3rd,  1838. 
t  I  am  indebted  to  both  these  gentlemen  for  a  sight  of  these  maps, 
%  Eeported  in  the  Exeter  and  Plymouth  Gazette,  Sept.  29th,  1865. 
VOL.  XXII. — PART  I.  2  G 
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The  two  uppermost  of  these  groups,  Nos.  7  and  8,  belong  to  the 
Coal-measures,  the  other  six  are  the  rocks  subsequently  known  as 
Devonian ;  and  he  says,  they  form  '^  one  persistent  consecutive 
series,"  all  dipping  generally  to  the  south,  with  a  few  occasional 
undulations.  The  angle  of  dip,  he  says,  increases  from  20°  on  the 
north  to  80°  on  the  south,  being  from  20°  to  30°  in  his  1st  and  2nd 
groups,  from  45°  to  70°  in  his  3rd  group,  and  generally  80°  in  his 
4th,  5th,  and  6th ;  a  ̂'  lower  angle  being  sometimes  observable  on 
approaching  an  undulation"*. 

All  the  published  accounts,  so  far  as  I  am  aware,  have  a  general 
agreement  with  those  statements,  and  I  should  myself  agree  generally 
with  them  so  far  as  they  profess  to  be  descriptions  of  observed  facts. 

Now  the  distance  in  a  straight  line,  measured  directly  across  the 
strike  of  these  beds,  from  Lynton  to  South  Molton,  is  about  fourteen 
miles,  or  73,920  feet.  If  we  say  70,000  feet,  and  assign  a  mean 

angle  of  inclination  of  45°  to  the  dip  of  the  beds,  we  get  a  total 
thickness  of  49,490  (say  50,000)  feet  for  them.  But  suppose  we 
deduct  about  a  third  of  the  width  as  an  allowance  for  undulations 

in  the  beds,  and  reduce  it  to  50,000  feet,  and  allow  the  mean  angle 

of  inclination  to  be  only  30°,  and  I  think  the  observable  facts  will 
hardly  admit  of  any  greater  reduction  on  the  hypothesis  of  a  suc- 

cession of  consecutive  groups,  we  must  still  believe  that  the  beds 
below  the  Coal-measures  in  North  Devon  have  a  thickness  of  25,000 
feet,  and  that  without  reaching  their  base,  which  is  concealed  some- 

where under  the  waters  of  the  Bristol  channel. 

It  appears  to  me  that  this  is  a  result  that  requires  a  comparison 
with  some  other  district  where  these  same  rocks  can  be  measured, 
either  for  its  correction  or  its  verification. 

Comparing  them  with  the  south-western  part  of  Ireland,  the  cor- 
rection I  propose  is  the  inevitable  result. 

It  detaches  the  true  Old  Eed  Sandstone  from  the  grey-slates, 
which  contain  marine  fossils,  and  thus  divides  the  thickness,  in  the 
first  instance,  between  two  distinct  formations,  while,  with  respect  to 
the  grey  slates  themselves,  it  shows  those  of  one  district  to  be  a  re- 

petition of  those  of  the  other,  and  therefore  that  the  thickness  of 
one  is  not  to  be  added  to  that  of  the  other. 

The  structure  of  North  Devon,  then,  will  be  represented  by  the 
figure  17,  in  which  the  facts  observed  in  different  parts  of  the 
country  are  grouped  together  and  condensed.  It  does  not,  then, 
represent  any  particular  line  of  country,  but  offers  a  key  to  the 
structure  of  the  whole. 

The  structure  is  that  of  a  broken  "anticlinal,  the  northern  arm  of 
which  has  sunk  in  against  the  southern  arm ;  the  line  of  fracture 
running  along  the  crest  of  the  curve.  It  is  by  no  means  an  un- 

common structure.  There  is  an  excellent  example  of  it  in  the  hill 
of  Slievnamuck,  in  the  county  Tipperary,  where  in  like  manUer  the 
northern  arm  of  one  of  a  series  of  parallel  anticlinal  ridges  has 
fallen  in  against  the  southern  arm.  In  that  place  a  thickness  of 
700  or  800  feet  of  Coal-measures  is  brought  in  direct  apposition  with 

*  Proceedings  Geol.  Soc.  London,  vol.  ii.  p.  589. 
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the  Lower  Silurian  Rocks.  There  are  places  there,  where  in  an 
open  ditch,  it  is  possible  to  stand  with  one  foot  on  Lower  Silurian 
slates,  and  the  other  on  a  bed  700  or  800  feet  above  the  base  of  the 
Coal-measures.  To  the  north  of  the  fault  several  beds  of  Coal-mea- 

sures may  be  seen,  in  many  places,  cropping  out  on  the  slope  of  the 
ground;  while  still  farther  north  a  great  tract  of  Carboniferous 
Limestone  rises  out  from  below  them,  across  which  it  is  necessary 
to  travel  for  some  miles  before  the  Old  Red  Sandstone  rises  up  in  the 
ridge,  near  Emly.  To  the  south  of  the  fault,  on  the  other  hand, 
the  base  of  this  Old  Red  Sandstone  may  be  seen  reposing  on  the 
highly  inclined  Silurian  slates  ;  and  the  hill  above  shows  several 
hundred  feet  of  it,  the  beds  dipping  south,  under  another  Carboni- 

ferous Limestone  valley,  the  beautiful  Yale  of  Aherlow.  The 
SKevnamuck  fault,  then,  must  have  a  downthrow  to  the  north  of 
at  least  4000,  and  possibly  5000  feet.  (See  Explan.  of  Sh.  155, 

Geol.  Surv.  Ireland,  or  '  Student's  Manual,'  p.  286.) 
A  similar  throw  in  the  supposed  fault  in  North  Devon  would 

account  for  all  the  observed  facts. 

11.  Objections  considered. — The  arguments  against  the  hypothesis  I 
propose,  may  be  arranged  under  three  heads,  (a)  stratigraphical,  (h) 
Uthological,  and  (c)  palaeontological. 

a.  The  stratigraphical  objections  have  already  been  sufficiently  con- 
sidered, and  it  has  been  shown  that  while  the  observable  stratigra- 

phical facts  would  not  of  themselves  lead  to  the  hypothesis,  there  are 
none  which  are  conclusive  against  it.  I  may  also  state  my  belief  that 
it  would  inevitably  have  occurred  to  any  one  who  had  examined  North 
Devon,  after  having  made  himself  acquainted  with  the  structure  of  the 
south-west  of  Ireland.  Had  it  so  happened,  for  instance,  that  my 
old  teacher,  Professor  Sedgwick,  and  my  present  chief.  Sir  R.  I. 
Murchison,  had  been  familiar  with  the  rocks  of  the  county  Cork 
before  entering  on  Devonshire,  I  believe  they  would  have  announced 
the  existence  of  this  great  fault  as  a  matter  of  course. 

h.  The  lithological  arguments  against  the  hypothesis  seem  at  first 
to  be  stronger.  The  aspect  of  the  beds  about  Baggy  Point,  Barn- 

staple, and  Dulverton  is  not  exactly  the  same  as  that  of  the  Lynton, 
ILfracombe,  andMortehoe  beds  ;  and  the  limestones  of  Combe -Martin, 
&c.,  appear  from  published  accounts  to  be  stronger  than  the  thin 
bands  of  calcareous  slates  in  the  Barnstaple  district. 

In  reply  I  would  urge  that  the  Carboniferous  slate  of  Ireland 
varies  in  character  in  different  districts  to  such  an  extent  that  its 

parts  might  not  be  recognized  as  belonging  to  the  same  formation,  if 
their  physical  continuity  could  not  be  traced,  and  their  different 
graduations  followed  across  the  country. 

In  Devonshire  itself  the  beds  which  dip  under  the  Coal-measures 
on  the  north,  differ  in  aspect  from  those  which  rise  from  under  those 
same  Coal-measures  on  the  south,  although  they  must  be  on  the  same 
general  horizon.  The  limestones  which  prevail  near  Combe-Martin, 
and  in  South  Devon,  are  local  banks  of  limestone,  which  did  not 
happen  to  be  formed  in  the  beds  about  Barnstaple  and  Dulverton, 
though  the  calcareous  matter  is  not  totally  absent  there. 

2c2 
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The  sandstones,  both  in  Ireland  and  in  North  Devon,  which 

are  interstratified  with  the  grej-slates,  vary  greatly  in  thickness. 
Near  Bantry  the  Coomhola  Grits  are  3000  feet  in  thickness;  in 
many  places  near  Cork  20  or  30  feet  is  the  maximnm  that  could  be 
assigned  to  them,  and  they  have  no  greater  thickness  at  Kenmare, 
which  is  not  more  than  ten  or  twelve  miles  from  Bantry  Bay.  That 
similar  variations  in  the  thickness  of  the  sandstone  beds,  and  their 
mode  of  interstratification  with  the  slates  should  occur  in  Devon  is 

only  what  is  to  be  expected.  I  would  also  remark,  that  though 
there  is  not  a  minute  lithological  identity  between  the  beds  of  the 
Baggy  Point  country  and  those  of  the  Lj^nton  district,  there  is  after 
all  no  very  great  difference  between  them ;  alternations  of  greenish 
and  greyish  grits,  with  grey  slates,  prevail  in  both  cases  ;  and  if  the 

*'  lie  of  the  beds,"  and  their  circumstances  of  exposure  were  alike, 
I  believe  their  similarity  of  aspect  would  appear  greater. 

The  objections,  then,  arising  from  variations  in  Kthological  cha- 
racter in  different  localities  a  few  miles  apart  cannot  be  accepted  as 

valid  against  the  siipposition  that  they  belong  to  the  same  group  of 
beds. 

c.  The  palseontological  resemble  the  lithological  objections,  and 
allow  of  a  similar  answer. 

There  are  fossils  in  the  Lynton  and  Combe-Martin  district  which 
are  not  known  in  the  Baggy  Point  and  Barnstaple  district,  and  vice 
versa ;  but  there  are  also  fossils  which  are  common  to  the  two  dis- 

tricts. If  the  lithological  variations  are  admitted,  some  palaeonto- 
logical  difference  may  be  expected  to  follow  as  a  matter  of  course. 

In  Ireland,  where  the  Carboniferous  Slate  forms  one  physically  con- 
tinuous area,  and  where  its  lithological  structure  is  simpler  than  in  De- 

vonshire, many  fossils  are  peculiar  to  parts  of  that  area,  some  species 
only  occurring  in  one  or  two  localities.  (See  Mems.  of  Geol.  Survey, 
Explanations  of  sheets  187,  &c.,  and  192,  &c.  of  the  Irish  maps.) 

It  may,  then,  be  reasonably  expected,  even  when  all  the  species 
are  collected,  that  different  species  will  occur  in  the  same  beds  in 
different  parts  of  Devonshire.  I  refrain  from  entering  into  a  discussion 
respecting  species  of  fossils  in  which  my  own  knowledge  would  not 
allow  me  to  take  any  part  except  at  second-hand,  but  I  may  be  al- 

lowed to  mention  the  following  list  of  species  which  I  find  given 
by  palaeontological  authorities  as  common  to  the  districts  north  and 
south  of  the  central  band  of  Old  Eed  Sandstone  in  North  Devon. 

Species. 
South. North. 

Authority. 

Cyatliopliyllum  {Turbinolo;psis, 
Petraia)  pluriradiale   

Fenestella  antiqua   

1  Brushford  ... rPilton    
Lynton    

Phillips. 
Lynton     ] 

Lee    I 
Woodabay ...  J 

Lynton    

"   Croyde. 

Actinocrinus  tenuistriatus   
Cyathocrinus  variabilis        
Pleurotomaria  aspera      

Brushford   ... 
Pilton   
Pilton   Lynton    
Pilton.    . Woodabay  .... 
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Species. 

Bellerophon  globatus. 

Athyris  concentrica  , 

Chonetes  Hardrensis  . 

Orthis  interlineata . 

   striatula   
Khynchonella  pugnus      
  pleurodon   
Spirifera  leevicosta  vel  ostiolata 
Spiriferina  eristata,  t'«r.  octo- 

plicata-   

Strophomena  rhomboidalis 

Streptorhynchus  crenistria 

Phacops  latifronst       

South. 

{Pil
ton  

 

Brus
hfor

d  

. 
Marwo

od...
. 

Pilton   
{ Barnstaple, 
\  Braunton 

[  Marwood r  Barnstaple  . 
<  Croyde    .... 
[  Marwood. . . . 
Pilton   
Pilton  (?)  .... 
Pilton   
Pilton   

j  Pilton   

{Barns
taple 

 . 

Braunt
on  

. 
Marwood

.... 

Pilton   
Barnstaple  . 

Braunton     

Korth. 

\  Woodabay 

Ilfracombe . . 

I  Lyntou    .... 

I    Haggington \     Hill,  near 
J  Ilfracombe  . , 
Ilfracombe .... 
Ilfracombe .... 
Ilfracombe   

Lynton    
Ilfracombe   

1  Haggington 
V  Hill,  near 

J  Ilfracombe  .. 
Ilfracombe...., 

Lynton    j  Bailj'. 

Authority. 

PhilHps. 

DaTidson. 

I  may  be  pardoned,  perhaps,  for  anticipating  a  considerable  ac- 
cession to  this  list  when  a  thoroughly  exhaustive  search  has  been 

applied  to  the  country  J. 
12.  Considerations  on  the  Devonian  Fossils. — As  many  persons  will 

be  inclined  to  place  great  reliance  on  the  Devonian  fossils  as  fixing 
the  place,  or  the  age,  of  the  Devonian  rocks,  it  is  advisable  to  deter- 

mine the  precise  value  of  this  evidence. 
In  the  first  place,  I  would  remark  that  the  problem  to  be  solved  is 

restricted  within  narrow  limits.  The  question  is,  to  which  of  the 
two  conformable  groups  of  beds — the  Carboniferous  Limestone  or 
the  Old  Red  Sandstone — do  the  Devonian  beds  belong  ? 

■^  StropTiomena  dcjiressa  (formerly  LcptcBna  and  Troducta  depressa),  and  S' 
rugosa  and  analog  a  are  now  included  under  8.  rhoonhoidalis,  by  Mr.  Davidson. 

t  Specimens  of  this  trilobite  were  procured  by  me  from  the  late  Mr.  Symonds 
of  Braunton,  and  collected  by  myself  at  Lynton  last  year;  it  occurs  also  at 
Pilton  and  elsewhere. 

I  This  anticipation  has  already  been  partly  verified.  In  the  number  of  the 

'  Geological  Magazine,'  for  April  last,  was  a  letter  from  Mr.  Spencer  George 
Perceval,  of  Severn  House,  Henbury,  Bristol,  giving  an  account  of  some  fossils 
he  had  found  near  Witthycombe,  a  couple  of  miles  south  of  Dunster.  The  beds 
are  an  extension  of  the  Combe-Martin  beds,  but  not  only  do  they  contain, 
according  to  Mr.  Perceval's  determinations,  at  least  fourteen  species  of  Devonian 
corals,  hut  a  large  s'pecies  of  Cucullcea,  together  with  Terebratula?,  Spirifera?,  &c. 
It  will  be  interesting  to  know  whether  this  Cucullcea  is  the  same  as  one  from 
Marwood  or  Braunton,  or  is  the  Cucullcea  Griffithii  of  Ireland. 

I  would  also  beg  leave  to  take  this  opportunity  of  asking  Pala2ontologis(s 
whether  there  is  any  great  difference  between  the  Myalinaim-mihe  Carboniferotis 
rock  of  Scotland  (Carluke  and  Pitlossie),  and  that  from  Hangman  Hill,  near 
Combe-Martin.  Both  specimens  are  in  the  Museum  of  Practical  Geology  in 
Jermyn  Street,     (Note  added  in  July  as  the  paper  passed  through  the  press.) 
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Had  the  Devonshire  slates  contained  Silurian  fossils  on  the  one 

hand,  or  Lias  fossils  on  the  other,  they  would,  as  a  matter  of 
course,  have  been  referred  to  the  one  or  the  other  of  those  two  for- 
mations. 

The  choice  now,  however,  is  limited  to  the  period  of  the  Old  Eed 
Sandstone  and  that  of  the  Carboniferous  Limestone,  unless  we  as- 

sign to  them  a  hitherto  undefined  period  between  those  two,  or  sup- 
pose them  to  be  older  than  the  Old  Eed  Sandstone. 

We  need  hardly  trouble  ourselves,  however,  with  the  two  latter 
suppositions. 
Now,  the  Devonian  fossils  are  said  to  comprise  some  species 

which  are  found  also  in  Silurian  rocks  *,  and  are  not  known  in  the 
Carboniferous  Limestone.  They  undoubtedly  contain  many  spe- 

cies found  in  the  Carboniferous  Limestone  f  which  are  not  known 

in  any  Silurian  rock,  as  well  as  a  few  (such  as  Strophomena  rhom- 
hoidalis),  which  range  from  Silurian  into  the  Carboniferous  Lime- 
stone. 

The  Devonian  fossils  also  comprise  some  peculiar  species  of  Silurian 
genera,  which  do  not  occur  as  species  in  Silurian,  nor  as  genera  in  the 
Carboniferous  Limestone.  Some  of  the  Trilobites  are  conspicuous 
examples  of  this  case. 

They  also  comprise  some  peculiar  species  of  Carboniferous  ge- 
nera {ProduGta,  for  instance)  which  do  not  occur  as  species  in  Car- 

boniferous Limestone,  nor  as  genera  in  the  Silurian  rocks. 
Lastly,  there  are  some  genera  (such  as  Stringocephalus  among  the 

Brachiopoda,  Megalodon  among  the  Conchifera^  and  Oalceola,  what- 
ever that  may  be)  which  are  peculiarly  Devonian  genera. 

-  Altogether,  the  Devonian  fossils  have  an  intermediate  aspect 
(whether  in  the  specific  characters  of  some,  as  pointed  out  first  by 
Mr.  Lonsdale,  or  in  their  general  fades)  between  those  of  the  Upper 
Silurian  rocks  and  those  of  the  Carboniferous  Limestone. 

The  natural  presumption,  therefore,  was,  that  the  beds  contain- 
ing those  fossils  were  intermediate  in  age,  and  therefore  contempo- 

raneous with  the  Old  Eed  Sandstone,  which  could  be  observed  stra- 
tigraphically  to  hold  that  intermediate  position. 

However  natural  that  presumption  was,  however,  I  must  be  per- 
mitted to  urge  that  it  was  a  presumption  only,  and  not  a  proof. 

The  intermediate  biological  character  of  the  Devonian  fossils,  to 
whatever  extent  it  may  exist,  is  neither  a  conclusive  proof  that  they 
are  of  the  age  of  the  Old  Eed  Sandstone,  nor  that  they  were  not 
contemporaneous  with  those  in  the  Carboniferous  Limestone. 

The  geological  age  of  fossils  is  proved  by  the  stratigraphical  po- 
sition of  the  beds  containing  them.  When  that  age  has  been 

established  by  reference  to  clear  sections  in  one  or  two  locaHties, 
the  fossils  themselves  are  admitted  as  evidence  of  the  age  of  beds 
in  other  localities  whose  stratigraphical  position  perhaps  is  not 
clear.     In  all  such  cases,  however,  there  must  be  either  an  avowed 

*  Mr.  Etheridge  reckons  these  as  13,  mostly  Corals, 
t  Mr.  Etheridge  reckons  these  as  92. 



.1866.]  JUKES   OLD  RED  SANDSTONE  AND  DETONIAN.  367 

or  tacit  reference  to  sections  in  the  first  instance,  showing  the 
stratigraphical  relations  of  the  beds. 

It  may  be  reserved  for  some  future  palaeontologists  to  treat  fos- 
sils independently,  and  show,  from  their  biological  relations  only, 

the  necessary  laws  which  must  have  regulated  their  appearance  in 
time ;  but  I  am  not  aware  of  any  one  having  even  attempted  this 
task  as  yet. 

To  take  an  extreme  ease  at  once,  the  family  of  the  Oraptolitidce 
for  instance :  if  any  geologist  now  find  in  any  rock  a  fragment  of 
a  Graptolite,  he  refers  the  age  of  that  rock  to  one  of  the  Lower 
Palaeozoic  periods  with  the  utmost  confidence,  and  in  no  known  in- 

stance would  he  be  wrong  in  so  doing.  But  he  does  so,  not  because 
of  anything  in  the  organic  structure  of  the  fossil,  but  because  no 
one  ever  yet  did  find  a  Graptolite  in  any  rock  which  could  be 
shown  stratigraphically  to  belong  to  the  Upper  Palaeozoic  or  any 
higher  part  of  the  series.  No  palaeontologist,  so  far  as  I  am  aware, 
could  show  a  merely  biological  reason  why  the  Graptolites  might 
not  have  existed  during  the  Secondary  or  Tertiary  epochs.  Or 
suppose  that  no  shells  belonging  to  the  genus  Producta  had  ever 
yet  been  seen,  could  any  one  on  the  first  discovery  of  a  Producta 
have  decided  on  its  age  without  any  reference  to  the  stratigraphi- 

cal position  of  the  bed  in  which  it  was  found  ?  Even  if  he  had 
guessed,  from  its  biological  relations  to  other  Palaeozoic  Brachiopods, 
that  the  shell  was  itself  of  Palaeozoic  age,  still  he  must  have  based 
his  conclusion  on  the  fact  that  those  other  Brachiopods  had  hitherto 
been  found  only  in  beds  which  were  shown  to  be  of  Palaeozoic  age 
by  their  stratigraphical  position. 

The  very  value  of  the  doctrine  of  the  chronological  significance 
of  organic  remains,  and  the  constant  use  made  of  it  by  geologists, 
seem  sometimes  to  have  caused  them  to  forget  that  the  significance 
is  a  secondary  and  derivative  one  only,  depending,  either  directly  or 
indirectly,  on  the  stratigraphical  succession  of  the  beds  in  which  the 
fossils  are  to  be  found,  and  upon  that  alone. 

The  peculiar  Devonian  species  and  genera  of  fossils,  therefore,  have 
no  definite  value  in  themselves  as  fixing  the  exact  place  in  the  series 
of  the  rocks  in  which  they  occur,  until  the  place  of  those  rocks  has 
somewhere  been  determined  by  stratigraphical  evidence.  Those 
rocks  have  of  late  years  been  held  to  occupy  the  same  place  in  the 
series  as  the  Old  Eed  Sandstone,  or  to  lie  between  the  top  of  the 
Upper  Silurian  and  the  base  of  the  Carboniferous  Limestone ;  but 
where,  in  England  or  in  Western  Europe,  is  the  section  that  shows 
a  distinct  stratigraphical  succession,  with  fully  developed  Upper 
Silurian  rocks  below,  and  fully- developed  Carboniferous  Limestone 
above,  and  a  series  of  Devonian  slates  and  limestones  and  their 
peculiar  fossils  between  ?  There  is  no  such  section ;  but  if  such  had 

been  the  order  of  nature,  surely  we  should  by  this  time  have  some- 
where found  a  section  to  prove  it. 

But  the  case  is  even  simpler  and  stronger  than  that,  for  not 
only  is  there  no  section  exposing  the  three  formations  in  regular 
succession,  but  I  have  yet  to  learn  the  place  where  a  fully-deve- 



368  PEOCEEDINGS  OE  THE  GEOLOGICAL  SOCIETY.  [Mar.  7, 

loped  set  of  tlie  marine  Devonian  rocks  are  covered  by  anything 
like  a  complete  series  of  Carboniferous  Limestone.  Where  the  two 
things  are  present,  as  near  Cork,  they  are  neither  of  them  so  com- 

plete as  in  adjacent  areas  where  only  one  is  found. 
But  by  the  hypothesis  which  I  now  propose,  the  place  of  these 

marine  Devonian  beds  will  be  fixed  stratigraphically  between  the  top 
of  the  Old  Red  Sandstone  and  the  base  of  the  Coal-measures,  in 
North  Devon  as  in  Ireland. 

I  cannot  yet  speak  from  personal  examination  of  South  Devon, 
but,  from  the  descriptions  of  Sedgwick  and  Murchison  and  others, 

it  appears  to  have  a  more  complicated  structure  than  JN'orth  Devon. The  occurrence  of  red  sandstones  above  the  Plymouth  limestones 
(Trans.  Geol.  Soc.  vol.  v.  p.  657)  might  at  first  appear  to  place  those 
limestones  below  the  Old  Eed  Sandstone.  On  this  point  I  may, 
by  way  of  caution,  refer  to  the  previous  remarks  at  p.  323,  that  it 
is  not  every  group  of  red  sandstones,  with  some  beds  even  of  Car- 

boniferous Limestone  immediately  over  them,  that  is  entitled  to 
be  called  Old  Red  Sandstone.  We  have  in  Ireland  beds  of  red 

and  yellow  sandstones  and  conglomerates  in  the  Carboniferous  Lime- 
stone ;  there  is  no  reason,  therefore,  why  similar  beds  may  not  oc- 

cur in  the  Devonian  beds  of  Devonshire.  In  neither  case  should 
these  red  sandstones  be  identified  with  the  Old  Red  Sandstone 

proper. 
The  true  Old  Red  Sandstone  is  the  conformable  base  of  the  great 

Carboniferous  series,  and  contains  no  marine  fossils ;  the  Devonian 
beds  proper  (those  containing  marine  fossils)  lie  above  it,  side  by 
side  with  the  Carboniferous  Limestone,  both  being  directly  covered 
by  the  Coal-measures. 

The  difierence  in  the  fossils  of  the  Carboniferous  Limestone  and 

the  Devonian  beds  must  then  be  held  to  be  the  result  of  space 
rather  than  of  time,  and  to  mark  the  influence  of  nature  of  bottom 
and  difference  of  province,  rather  than  of  chronological  periods. 

This  difi'erence  will  be  somewhat  analogous  to  that  observable  in 
the  case  of  the  Upper  Silurian  rocks  of  North  Wales  and  of  Siluria 
proper.  The  Wenlock  rocks  of  Denbighshire  abound  with  impres- 

sions of  the  various  species  of  Theca  (Q.  J.  G.  S.  vol.  ii.  pi.  13), 
so  that  they  might  well  be  called  Theca  flagstones ;  but  this  fossil 

is  either  entirely  absent  from  the  Wenlock  rocks  of  Siluria  proper  *,  or 
very  rare  in  them,  while  the  common  Wenlock  fossils  are  rare  in 
Denbighshire. 

The  difference  noted  by  M.  Barrande  between  the  Trilobites  in 
the  contemporaneous  Silurian  beds  of  Bohemia  and  Scandina^da  will 
occur  to  every  geologist  as  a  still  more  striking  instance. 

The  influence  of  geographical  distribution,  which  is  so  obvious  on 
the  existing  species  of  animals  and  plants,  has  hardly  yet,  I  think, 
been  sufficiently  allowed  for  by  palaeontologists.  As  we  trace  forma- 

tions through  different  countries,  we  must  hold  ourselves  prepared 
to  find  the  same  species  in  beds  not  strictly  contemporaneous,  and 

•^  Theca  ancejos  is  mentioned  by  Mr.  Salter  as  found  near  Eastnor  Castle, 
Malvern  Hills.     Mems.  Greol.  Sury.  vol.  ii.  p.  855. 
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different  species  in  beds  which  are  so — and  this  sometimes  within 
very  narrow  geographical  limits. 

13.  General  conclusion. — I  would,  then,  beg  leave  to  suggest,  in  the 
first  place,  that  the  identification  of  the  Old  Eed  Sandstone  proper 
with  the  Devonian  beds  was  an  over-hasty  conclusion,  and  that, 
till  the  question  be  finally  settled,  it  would  be  well  to  discontinue 
the  use  of  the  term  Devonian  for  all  beds  which  are,  or  are  sup- 

posed to  be,  really  Old  Eed  Sandstone.  One  source  of  confusion 
would  thus  be  avoided.  The  term  '' Devonian"  would  then  be 
confined  to  beds  containing  those  species  and  genera  of  Brachiopoda 
and  other  marine  fossils  which  are  commonly  understood  when  we 
speak  of  Devonian  fossils.  The  Old  Eed  Sandstone  certainly  does 
not  contain  any  of  these  fossils.  The  plants  and  the  Anodonta 
which  it  does  contain  seem  to  point  to  a  freshwater  origin  for  it, 
or  at  all  events  the  neighbourhood  of  land. 

The  Devonian  beds,  when  the  Old  Eed  Sandstone  is  detached 
from  them,  will  still  be  sufficiently  extensive  and  important.  The 
peculiar  genera  and  species  belonging  to  them  seem  to  have  a  very 
wide  range  over  the  world  in  general,  quite  as  wide  perhaps  as  the 
genera  and  species  peculiar  to  the  Carboniferous  Limestone. 

I  believe,  however,  that  it  will  ultimately  be  found  that  the 
genera  and  species  which  have  the  widest  range  of  all,  are  those 
which  are  common  to  the  Devonian  beds  and  the  Carboniferous 
Limestone. 

It  may  doubtless  be  thought  a  bold,  not  to  say  audacious,  spe- 
culation, but  it  occurs  to  me  to  ask  whether  we  ought  not  rather 

to  look  upon  the  Devonian  beds  as  the  most  general  type  of  those 
which  intervene  between  the  Coal-measures  and  the  Old  Eed  Sand- 

stone, and  regard  the  Carboniferous  Limestone  of  the  British  Islands 
and  Belgium  as  a  local  and  exceptional  peculiarity.  It  seems  to 
me  that  good  reasons  might  be  urged  for  such  a  classification. 
It  would  be  represented  in  a  condensed  form  in  the  subjoined 
diagram. 

Fig.  18. 

Lower  Coal-measures,  with  Fosidonovijja,  AviculG])ecfen,  Lunulacardium, 
Goniatites,  Orthoceras,  Coelacanthoid  Fish,  &c. 

Carboniferous 
Limestone. 

Devonian  beds,  or  Carboniferous  slate  with  Cypridinenschiefer,  Strin- 
gocephalus-,  and  Calceola-limestones,  Spiriferensandstein,  Marwoodand Coomhola  sandstones,  &c.  &c. 

Old  Eed  Sandstone,  with  Adiantites  or  Cychpteris  and  other  Ferns,  Knorria, 
bagenarta,  Cyclostigma  and  other  plants,  Anodonta,  and  fish  of  the  genera 

Coccosteus,  Glyptolmaus,  PhaneropUuron,  Glyptopomus,  «fcc.  &c.  &c. 
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Where  the  Old  Red  Sandstone  is  absent,  the  Devonian  beds  may 
perhaps  repose  conformably  on  the  Upper  Silurian,  or  unconformably 
either  on  that  or  some  lower  formation. 

ly.  Appendix. 

My  colleague,  Mr.  E.  Etheridge,  has  at  my  request  drawn  up  a 
complete  catalogue  of  all  the  British  fossils  of  the  Devonian  and 
Old  Hed  Sandstone  formations,  so  far  as  they  are  at  present  known, 
with  all  the  recent  improvements  in  their  nomenclature  introduced 

by  Mr.  Davidson  and  others.  He  has  also  shown  their  distribu- 
tion, in  parallel  columns,  in  the  several  districts  of  Cornwall,  South 

Devon,  and  North  Devon,  subdividing  the  beds  which  occur  in 
those  districts  into  the  ordinarily  received  groups.  He  has  also 
subdivided  the  Old  Eed  Sandstone  into  Upper,  Middle,  and  Lower, 
according  to  the  prevailing  ideas  as  to  the  grouping  of  those  beds. 
He  has  added  columns  for  Ireland,  one  showing  the  fossils  which 
occur  only  in  the  Coomhola  Grits,  the  other,  including  these,  in  a 
list  which  shows  the  whole  fossils  hitherto  recorded  from  any  part 
of  the  Carboniferous  Slate  of  Ireland.  He  has  then  shown,  in 
farther  columns,  the  species  which  also  occur  in  the  Carboniferous 
formations  in  other  parts  of  the  British  Islands,  taking  the  com- 

monly received  subdivisions  of  that  formation ;  and,  lastly,  has 
given  columns  which  mark  the  occurrence  of  any  of  the  species 
enumerated  in  the  Ehenish  Provinces,  in  Belgium,  and  in  Prance. 
Mr.  Etheridge,  in  drawing  up  this  list,  has  carefully  confined  him- 

self to  the  recording  of  facts  from  the  best  authorities,  irrespectively 
of  all  hypotheses  as  to  the  classification  of  the  beds. 

He  then  gives  a  Table,  in  which  the  numbers  of  species  are  com- 
bined under  their  respective  biological  headings.  From  this  it  ap- 
pears that  the  whole  number  of  species  is  529,  of  which,  however, 

112  are  fish  that  occur  only  in  the  Old  Eed  Sandstone.  If  we  omit 
these  from  the  total,  as  not  affording  any  element  of  comparison,  and 
also  omit  the  12  species  of  plants,  in  order  to  confine  the  com- 

parison to  undoubtedly  marine  organisms,  we  have  a  total  of  405  of 
such  organisms.  Of  these  one  only  (Serpula  advena)  has  been 
found  in  the  Old  Eed  Sandstone.  If  we  omit  this,  and  also  the 
freshwater  Anodon  of  the  Old  Eed  Sandstone,  it  leaves  403,  or  in 
round  numbers,  400  species  of  marine  organisms  found  in  the  ma- 

rine Devonian  beds  for  comparison  with  fossils  of  the  same  class  in 
other  formations.  Of  these  400  species,  13  only,  chiefly  Corals,  are 
said  to  occur  in  any  Silurian  rocks,  while  92,  or  nearly  a  quarter  of 
the  whole,  occur  in  the  undoubted  Carboniferous  rocks  of  other 

parts  of  the  British  Islands. 
It  also  appears  from  the  Table  that  the  palseontological  differences 

between  different  areas  of  the  Devonian  beds  are  at  least  as  great,  if 
not  greater,  than  those  observable  between  the  Devonian  and  the 
Carboniferous  Limestone  series. 

It  is  also  to  be  recollected  that  the  amount  of  difference  apparent 
on  the  comparison  of  lists  of  species,  is  to  a  certain  extent  delusive. 
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since  a  species  founded  on  a  single  specimen,  or  a  few  rarely  occur- 
ring specimens,  counts  as  much  in  this  comparison  as  a  species  of 

which  specimens  occur  everywhere  in  the  greatest  profusion. 
The  abundance  of  individuals  must  be  an  element  of  importance 

towards  the  establishment  of  a  species,  as  enabling  the  palaeontolo- 
gist to  include  all  its  varieties ;  but,  even  in  two  equally  distinct 

species,  it  appears  to  me  that  richness  in  individuals  and  extent  of 
diffusion  ought  to  be  taken  into  account  by  the  geologist,  when  esti- 

mating ih.eiv  potency  in  chronological  significance. 
Tables  of  percentage  in  which  abundance  and  diffusion  of  species 

are  not  taken  into  account  are  really  of  no  great  value.  I  strongly 
suspect  that  the  ninety-two  carboniferous  species  mentioned  above, 
include  those  which  are  at  the  same  time  most  abundant  and  most 

widely  diffused  in  both  groups  of  rock,  while  the  rare  and  doubtful 
species  will  be  found  entirely  among  the  remainder.  Some  of  the 
latter,  too,  will  eventually  be  decided  to  be  mere  varieties  of  the 
former,  and  will  therefore  be  not  only  erased  from  the  one  list,  but 
added  to  the  other. 
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E.  W.  Binneys  ̂   Fossil  Coal-plants  showing  structure,'  noticed,  126. 
A.  von  Koenen's  ^  Fauna  of  the  Lower  Oligocene  Tertiary. Beds  of 

Helmstadt/  noticed,  127. 
Abstracts  of  British  and  Foreign  Memoirs,  19,  71, 119. 
Reports  and  Proceedings  of  Societies,  22,  78,  128. 
Correspondence,  46,  84, 137. 
Miscellaneous,  48,  94,  143. 
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Geological  and  Natural  History  Repertory.     Yol.  i.     Nos.  9-11. 
January  to  March  1866. 

*  Frost  and  Fire,'  noticed,  198. 
S.  J.  Mackie. — Natural  Fractures  of  Flints,  205. 
Notes  and  Queries,  119,  214 
Biographical  Notices,  119,  222,  234. 
Proceedings  of  Societies,  217,  225. 

Giessen.    Amtlicher  Bericht  iiber  die  neun  und  dreissigste  Yersamm- 
lung  deutscher  Naturforscher  und  Aerzte.     1865. 

Schmidt. — Ueber  Meteoriten,  104. 
Ludwig. — Ueber  die  Thatigkeit  des  mittebheinischen  geologischen 

Yereins,  107.^ 
  .    Ueber  die  Ablagerungsformen  der  Braunkohle  zu  Dornheim, 

108. 

Kose. — Die  Meteoriten,  111  (plate). 
Y.  Diicker. — Ueber  die  Gebirgsformationen  der  Schweiz,  122. 
Y.  Klipstein. — Die  Eisensteinlagerstatten  am  Eggebirge  bei  Pr.- 

Oldendorf,  131. 

  .     Ueber  die  Entstehung  phosphorhaltiger  Mineralien,  135. 

Household  Magazine.     Yol.  i.     No.  1.     January  1866. 

Institution  of  Civil  Engineers.     Abstracts  of  Proceedings.     Nos.  4, 

5,  9  &  11.     1865-66. 

  .     List  of  Members.     1866. 

Intellectual  Observer.     Yol.  viii.     No.  48.     January  1866. 

D.  T.  Ansted. — Mud-volcanoes  and  Salt-lakes  in  the  Crimea,  409. 
J.  Jones. — Our  Future  Coal-fields,  435, 
A.  S.  Herschel. — Hot  Springs  and  other  Natural  Features  of  the 

Pyrenees,  439. 

  .     Yol.  ix.     Nos.  49  &  50.     February  and  March  1866. 
Fossil  Lizard  in  Copal,  80. 
B.  H.Woodward. — Rambles  in  Cornwall  for  Minerals  and  FernS;lll. 
D.  T.  Ansted.— Winter  visit  to  Mount  Etna,  125. 
Pre-historic  Man  in  France,  132. 
H.  J.  Slack. — Comparative  Geology  of  the  Earth  and  Moon,  135. 

Lausanne.     Bulletin  de  la  Societe  Yaudoise  des  Sciences  Naturelles. 

Yol.  viii.     No.  53.     1865.    

J.  Delaharpe. — Roc  poli  et  strie  de  ChiUon.     Terrasses  diluviennes" 
du  bassin  du  Leman,  341. 

E.  Renevier. — Rapport  pour  I'annee  1864,  du  Conservateur  des  col- 
lections geologiques  et  mineralogiques  du  Musee  cantonal,  346, 

Linnean  Society.     Journal.     Yol.  ix.     No.  36.     1865. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  Fourth 

Series.  Yol.  xxxi.  Nos.  206-208.  January  to  March  1866.' From  Dr.  W.  Francis,  F.  Q.S. 

J..  CroU.— Excentricity  of  the  Earth's  Orbit,  26. 
R.  Edmonds. — ^Earthquakes  and  extraordinary  agitations  of  the  sea, 45. 

A.  Sedgwick. — Geology  of  Dent,  79. 
G.  F.  Browne. — Ice-caves,  82. 
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London,  Edinburgli,  and  Dublin  Philosophical  Magazine.      Fourth 

Series.    Yol.  xxxi.     JS'os.  206-208  (continued). 
P.  M.  Duncan. — Impressions  of  Selenite  in  the  Woolwich  Beds  and 

London  Clay,  155. 
O.  Fisher. — Relation  of  the  Chillesford  Beds  to  the  Norwich  Crag,  156. 
E.  B.  Tawny. — Western  limit  of  the  Rhsetic  Beds  in  Soath  Wales,  157. 
P.  B.  Brodie. — Section  of  Lower  Lias  and  Rhaetic  Beds  near  Wells, 

157. 

J.  W.  Dawson. — Conditions  of  the  Deposition  of  Coal,  158. 
W.  King  and  T.  H.  Rowney. — Origin  and  Microscopic  Structure  of 

the  so-called  Eozoon  Serpentine,  159. 
W.  B.  Carpenter. — Supplemental  Notes  on  the  Structure  and  Affini- 

ties of  Eozoon  Canadense,  159. 

R.  A.  C.  Godwin- Austen. — Notes  on  Belgian  Geology,  237. 
How. — Mineralogy  of  Nova  Scotia,  165. 
Pratt. — Level  of  the  Sea  during  the  Glacial  Epoch  in  the  Northern 

Hemisphere,  172. 
E.  J.  Chapman. — Minerals  from  Lake  Superior,  176. 
D.  D.  Heath. — Secular  Local  Changes  in  the  Sea-level,  201. 

London  Review.    Yol.xii.    Nos.  288-300.    January  to  March  1866. 
Notices  of  Meetings  of  Scientific  Societies,  &c. 
B.  Gastaldi's  ^Lake  Habitations  and  Prehistoric  Remains  in  the 

Turbaries  and  Marl-beds  of  Northern  and  Central  Italy,'  noticed, 21. 

The  Scientific  Year. — Geology,  48^    Mineralogy,  Metallurgy,  and 
Mining,  50. 

Longman's  Notes  on  Books.    Yol.  iii.     No.  44.     February  28, 1866. 

Magazine  of  Anthropology.     Yol.  i.     No.  1.     January  1866. 

Manchester  Geological  Society.     Transactions.     Yol.  v.      No.  12. 
1865-66. 

J.  Aitken. — Union  of  the  Gannester  and  Higher  Foot  Coal-mines  at 
Bacup,  185. 

Milan.     Atti  della  Societa  Italiana  di  Scienze  Naturali.     Yol.  viii. 
Ease.  2.     1865. 

Omboni. — Relazione  suUe  condizloni  geologiche  delle  ferrovie  pro- 
gettate  per  arrivare  a  Coira  passando  per  lo  Spluga,  97, 

Neuchatel.    Bulletin  de  la  Societe  des  Sciences  Natnrelles.    Tome  vii. 
l^^Cahier.     1865. 

M.  de  Rougemont. — Iilpoques  antediluvienne  et  celtique  du  Poitou,  87. 

Offenbach  am  Main.     Sechster  Bericht  des  Yereins  fiir  Naturkunde. 
1865. 

Paris.    Annates  des  Mines.    Sixieme  Serie.    Yol.viii.  Livr.  4.    1865. 

Bulletin  de  la  Societe  Geologique  de  France.     Deuxicme 

Serie.     Yol.  xxii.  f.  27-36.     May  to  June  1865. 

Yirlet. — Sur  le  mineral  de  fer  alumineux  oolithique  de  Mouries  (ou 
des  Baux),  418. 

L.  Lartet, — Sur  la  formation  du  bassin  de  la  mer  Morte  et  sur  ses 
changements  de  niveau^  420  (plate). 
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Paris.     Bulletin  de  la  Societd  Geologiqiie  cle  France.     Deuxieme 

Se'rie.     Vol.  xxii.  f.  27-36  (continued). 
Virlet. — Sur  les  salures  differentes  de  certains  lacs  du  Mexiqiie,  404. 

F,  Garrigou. — Aper^u  geologique  snr  le  bassin  de  I'Ariege,  476  (plate). 
De  Chasteigner. — Sur  les  silex  taillt^s  du  bassin  de  la  Creuse,  513. 
y.  de  Moeller. — Sur  la  g(5ologie  de  diverses  parties  de  la  Russie 

d'EuropC;  517. 

Ed.  de  Verneuil. — Sur  une  dent  d'Elepliant  trouvee  dans  le  diluvium 
de  la  riviere  Aniene,  pres  de  Rome,  519. 

  .     Sur  quelques  ossements  fossiles  recueillis  dans  le  diluvium  du 
TibrC;  pres  de  Rome,  521. 

Bleiclier. — Sur  une  petite  dent  diElephas  a/itiqui's,  522, 
  .     Sur  les  depots  diluviens  de  la  campag-ne  romaine,  624. 
J.  Marcou. — Addition  a  sa  note  du  6  mars  dernier,  p.  290,  529. 
Irgens  et  Hiortdahl. — Sur  quelques  roches  eruptives  de  la  cote  ouest 

de  la  Norvege,  630. 

L.  Lartet. — Sur  la  decouverte  de  silex  taillf^s  en  Syrie  et  sur  I'age 
des  terrains  de  la  cliaine  du  Liban,  537  (plate). 

Edm.  Pellat. — Sur  la  zone  a  Avicula  contorta  et  le  hone-heel  an  sud- 

est  d'Autun,  dans  les  environs  de  Couclies-les-Mines,  546. 
Til.  Ebray. — Sur  une  consequence  de  la  verticalite  de  certains  filoiis, 

565. 

Comptes  Rendus  des  Seances  de  I'Academie  des  Sciences. 
Table  des  Matieres  du  tome  Ix.     January  to  June  1865. 

Jacquot. — Sur  le  gisement  des  sources  minerales  du  departement  du 
Gers,  et  sur  les  relations  qui  les  rattacbent  au  systeme  des  Pyre- 
nt5es,  967. 

Sandras. — Etudes  sur  les  eaux  minerales  pliospbatees  ferrugineuses, 
1160. 

Gervais. — Sur  le  3Iesosaurus  tenuidens,  reptile  dont  les  restes  fossiles 

ont  6t6  trouves  dans  I'Afrique  australe,  950. 
Bianconi. — Recberclies  sur  les  os  de  VEpiornis  maximus,  179. 
E.  de  Beaumont. — Sur  une  Note  de  M.  Sismonda  sur  un  gneiss  avec 

empreinte  d'JEquisetum,  492. 
Mares. — Sur  la  constitution  du  sud  de  la  province  d' Alger,  1039. 
Mallard. — Sur  une  rocbe  magnetique  trouvee  au  Puy  Ohopine,  Puy- 

de-D6me,  1068. 
Pissis. — Sur  les  volcans  et  les  terrains  recents  du  Chili,  1095. 
Liais. — Sur  quelques  faits  geologiques  observes  dans  le  bassin  du  Rio 

de  las  Velhas,  un  des  principaux  affluents  du  San  Francisco,  1200. 
Pisani. — Sur  la  calicine,  nouvelle  espece  minerale  trouvee  a  Cliypis 

en  Valais. — Sur  la  limonite  pisolitique  d'lwaro,  Hongrie,  918. 
Meillet. — Sur  les  ateliers  d'instruments  en  silex  des  environs  de 

Cbatellerault,  35. 

G.  de  Mortillet. — Sur  les  baches  en  Nephrite  de  la  Suisse,  83. 
Lioy. — Sur  les  habitants  des  cavernes  et  des  cites  lacustres,  85. 
Husson. — Sur  des  portions  de  deux  machoires  humaines  provenant 

de  cavernes  a  ossements.  111. 

E.  Robert. — Observations  critiques  sur  I'age  de  pierre,  664. 
Mortillet. — Sur  les  silex  tallies  du  Grand-Pressigny,  745. 

Husson. — Alluvions  des  environs  de  Toul  pour  rapport  a  I'anciennetd 
de  I'homme,  784. 

Dupont. — Sur  les  terrains  quaternaires  de  la  Belgique,  863. 
Longobardo. — Sur  une  nouvelle  eruption  de  I'Etna,  354. 
Fouque. — Sur  I'^rnption  de  I'Etna  du  31  Janvier,  1865,  548. 

VOL.  xxri.—rAKT  1,  2d 
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Philadelphia.   American  Philosophical  Society.    Proceedings.  Vol.  x. 
No.  74.     1865. 

J.  P.  Lesley.— Oil- Well  Borings,  187. 

  .      .    Transactions.    New  Series.   Vol.  xiii.  Part  2.    1865. 

Photographic  Journal.    Yol.  x.     Nos.  165-167.     January  to  March 
1866. 

Plymouth  Institution.     Annual  Eeport.     1864-65. 

W.  Pengelly. — Red  Sandstones;  Conglomerates,  and  Marls  of  Devon- 
shire, 13. 

Quarterly  Journal  of  Microscopical  Science.    New  Series.     Yol.  xiv. 
No.  21.     January  1865. 

Quarterly  Journal  of  Science.     Yol.  iii.     No.  1.     January  1866. 

A.  0.  Ramsay, — Recurrence  of  Species  in  Geological  Formations,  33. 
Origin  and  Antiquity  of  Man,  54. 
Chronicles  of  Science,  77. 

Reader.     Yol.  vii.     Nos.  158-170.     January  to  March  1866. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 
Belgian  Bone  Caves,  42. 
The  Glacial  Submergence,  44,  208. 

E.  Lartet  and  H.  Christy's  ̂ Reliquiae  Aquitanicee,'  noticed,  69. 
G.  11.  Kinahan. — Castlecomer  Fossils,  70. 
S.  V.  Wood,  jun. — The  Glacial  Submergence,  98. 
O.  Fisher. — The  Glacial  Submergence,  155. 

S.  Laing's  '  Prehistoric  Remains  of  Caithness,'  noticed,  180. 
N.  Whitley.— ^' Flint  Finds,"  183. 
D.  Page's  ̂   Geology  for  General  Readers/  noticed,  328. 
J.  Nicol's  ̂   Geology  and  Scenery  of  the  North  of  Scotland,'  noticed, 328. 

Physical  Aspects  of  Palestine,  231,  257,  280,  304,  328. 

S.  Y.  Wood,  jun. — Geological  Maps,  331. 

Regensburg.     Correspondenz-Blatt  des   zoologisch-mineralogischen 
Yereines.     Nos.  1  &  2.     January  1866. 

A.  F.  Besnard. — ^Die  Mineralogie  in  ihren  neuesten  Entdeckungen 
und  Fortschritten,  7. 

Royal  College  of  Physicians.     List  of  Members,  Extra-Licentiates, 
and  Licentiates.     1866. 

Royal  CoUege  of  Surgeons  of  England.     Calendar.     1865. 

Royal  Geographical  Society.     Proceedings.     Yol.  x.     Nos.  1  &  2. 
1866. 

Royal  Geological  Society  of  Ireland.    Journal.    Yol.  i.  Parti.    1865. 

M.  H.  Close. — Glaciation  of  the  Rocks  in  the  Neighbourhood  of 
Dublin,  3  (plate). 

J.  B.  Doyle. — Notes  on  the  Occurrence  of  a  well-marked  Specimen  of 
Knorria  in  the  Lower  Carboniferous  Limestone  Series  of  Kildare, 
13. 

H.  B..  S.  Montgomery. — New  Locality  of  Granite  in  Limestone  near 

Rathfarnham,  15, " 
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Eoyal  Geological  Society  of  Ireland.     Journal.     Yol.  i.  Part  1  {con- 
tinued). 

A.  Macalister. — Specimen  of  Ulodendron,  found  at  Hurlet^  Renfrew- 
shire, 16. 

M.  H.  Ormsby. — Polished  and  striated  surface  in  the  Limestone  of 
Ross  Hill,  Galway,  18. 

W.  Harte. — Physical  features  of  the  county  of  Donegal,  21  (plate). 
S.  Haughton. — Geological  Notes  on  some  of  the  Islands  of  the  West 

of  Scotland,  28. 

F.  J.  Foot.— Recent  Erratic  Block,  32. 
J.  Kelly. — Remarks  on  the  doctrine  of  Characteristic  Fossils,  34. 
W.  L.  Lindsay. — Geology  of  the  New  Zealand  Gold-fields,  49. 
J.  Wright. — Description  of  a  new  Falcechimis,  62. 
W.  H.  Baily.— Structure  of  Palo'chinus,  63  (2  plates). 
W.  Harte. — New  Echinoderm  from  the  Yellow  Sandstone  of  Donegal, 67. 

Royal  Horticultural  Society.    Proceedings.  Yol. v.   No.  9.   December 
1865. 

  .   .     New  Series.     Yol.  i.     No.  1.     January  1866. 

  .     Journal.     New  Series.     Yol.  i.  Part  1.     January  1866. 

Royal  Society.     Proceedings.     Yol.  xiv.     Nos.  79-61.     1866. 

W.  H.  MiUer. — Graphitoidal  Silicon  and  Graphitoidal  Boron,  11. 

Society  of  Arts.     Journal.     Yol.  xiv.     Nos.  685-697.     January  to 
March  1866. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 
Geology  of  Australia,  130. 
American  Mineral  Resources,  349. 

Stockholm.     Kongliga  Svenska  Yetenskaps-Akademiens  Handlingar. 
Ny  Foljd.     Femte  Bandet.     Forsta  Haftet.     1863. 

Ofversigt  af  Kongl.  Yetenskaps-Akademiens  Forhandlingar. 
Tjugondeforsta  Argangen.     1865. 

Nordenskiold. — Nya  forvarf  vid  mineral-kabinettet,  74,  415. 
PaykuU. — Mineralogiska  iakttagelser,  207. 

Turin.     BuUettino  Trimestrale  del  Club  Alpino.     No.  1.     August 
1865. 

Yienna.     Jahrbuch  der  k.-k.  geologischen  Reichsanstalt.     Yol.  xv. 
Nos.  2  &  3.     April  to  September  1865. 

H.  Wolf. — Ueber  die  Gliederung  der  Kreideformation  in  Bohmen,  183. 
F.  V.  Hochstetter. — Ueber  das  Yorkommen  von  Erdol  (Petroleum) 

und  Erdwachs  im  Sandecer  Kreise  in  Westgalizien,  199. 
A.  Madelung. — Ueber  das  Alter  der  Teschenite,  208. 
F.  Posepny. — Ueber  ein  Jura- Yorkommen  in  Ost-Galizien,  213. 
F.  Ambroz, — Geologische  Studien  aus  der  Umgebung  von  Padert,  215. 
Simettinger. — Die  Stiibinggraben,  248. 
D.  Stur. — ^Yorkommen  ober-silurischer  Petrefacte  am  Erzberg  und  in 

dessen  Umgebung  bei  Eisenerz  in  Steiermark,  267. 
  .     Fossilien  aus  den  neogenen  Ablagerungen  von  Holubica  bei 

Pieniaky  sudlich  von  Brody  im  ostlichen  Galizien,  278. 

2d2 



380  DONATIOX^. 

Yienna.     Jahrbiicli  dor  k.-k.  geologischeii  Reich sanstalt.     Vol.  xv. 

]N"os.  2  &  3  {continued). 
F.  Kaufmann. — Ueber  den  Dopplerit  von  Obbiirgen  und  iiber  das  Ver- 

lialtniss  des  Dopplerits  zu  Torf  und  mineraiischen  Kohlen,  nebst 
Bemerkungen  iiber  kunstlicbe  pechkohlenartige  Substanzen,  283. 

Gr.  Stache. — Bericlit  iiber  die  geologiscben  Aiifnabmen  im  Gebiete 
des  oberen  Neiitra-Flusse  und  der  koniglichen  Bergstadt  Kremnitz 
ini  Somnier  1864^  297. 

F.  Daubrawa. — Die  geologiscben  Verbiiltnisse  des  Bezirkes  Mabriscli- 
Neustadt^  zuni  Theil  aucb  jener  von  Miiglitz  Hobenstadt^  Schon- 
berg,  Romerstadt,  Littau,  und  Sternberg,  320. 

K.  M.  Paul.— Das  linke  W-iagufer  zwiscben  Sillein^  Bistritz,  und  deni 
Zilinkaflusse  im  Trentscliiner  Comitate,  335. 

F.  Posepny. — Das  Vorkommen  und  die  Gewinnung  von  Petroleum 
im  Sanoker  und  Sambor'jr  Kreise  Galiziens,  351. 

A.  Patera. — Das  k.-k.  biittenmanniscb-cbemiscbe  Laboratorium  in 
Wien,  359. 

K.  von  Hauer. — Der  Salinenbetrieb  an  den  Sudwerken  zu  Hallein  und 
Hall  in  chemiscber  Beziehung,  369. 

P.  O.  Werdmiiller. — Hobei.messung  einiger  Wasserfalle,  391. 
Yerbandlungen  der  k.-k.  geologiscben  E-eicbsanstalt  1865. 

  .    Kaiseiiicbe  Akademie  der  "Wissenscbaften  in  Wien.    Anzeiger. 
Jahrg.  1865.    .I^os.  17-19. 

M.  Homes. — Geognostiscbe  Karte    des    ebemaligen   Gebietes  von 
Krakau,  198. 

E-.  Suess. — Monograpbie  der  Ecbinodermen  des  Filler  Kalkes,  199. 
C.  R.  V.  Ettingsbausen. — Die  fossile  Flora  des  Tertiarbeckens  von 

Bilin,  200.  .       . 

F.  V.  Hauer. — ^Ueber  eine  neue   Cepbalopoden-Sippe   Choristoceras 
aus  den  Kossener-Scbicbten^  207. 

G.  Tscbermak. — Untersucbung  eines  Feldspatbgesteines,  209. 

— .   .   .     Jahrg.  1866.     Nos.  1-7. 

F.  V.  Hocbstetter. — Ueber  das  Vorkommen  von  Eozoon  im  krystalli- 
niscben  Kalke  von  Krummau  im  siidlicben  Bobmen^  3. 

G.  Tscbermak. — Untersucbung  eines  neuen  Minerales  von  Orawicza 
im  Banat,  31. 

A.  E.  Reuss. — Ueber  die  Brjozoen,  Anthozoen  und  Spongiarien  des 
braunen  Jura  von  Balin  bei  Krakau,  35. 

G.  C.  Laube. — Die  Bivalven  des  braunen  Jm'a  von  Balin  bei  Krakau, 43. 

II.  PERIODICALS  PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.     Third  Series.    Yol.  xvii. 

Nos.  97-99.     January  to  March  1866. 

S.  Haugbton's  'Manual  of  Geology/  noticed,  65. 
Peters. — Fossil  Lizard  in  Copal,  78, 
H.  Seeley. — On  Torynocrinus  and  other  new  and  little-known  Fossils 

from  the  Upper  Greensand  of  Hunstanton,  commonly  called  the 
Hunstanton  Red  Rock,  173. 

W.  King. — Tubulation  of  the  Yalves  of  Mhynchopora  Geinitzianaj  De 
^erneuil,  230. 
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Leonhard  unci  Geinitz's  Neues  Jahrbuch  fiir  Mineralogie,  Geologic, 
und  Palaontologie.     Jahrgang  1865.    Heft  7. 

Schafhautl. — Die  Niimmuliten-fiihrenden  Scliicliten  des  Kressen- 
berges,  769. 

  .     Der  weisse  Jura  im  Wettersteingebirgstock  und  der  Lias  im 
Hocbfelln  der  bayeriscben  Alpen,  789  (plate). 

Credner. — Geognostisclie  Reisesldzzen  aus  New  Brunswick  in  Noid- 
Amerika,  803. 

Letters  j  Notices  of  Books,  Minerals,  Geology,  and  Fossils. 

  .     Jahrgang.  1866.     Heft  1. 

T.  Scbeerer. — Beitrage    zur   Erklarung   der  Dolomit-Bildung   mit 
besonderer  Hinsicht  auf  die  Dolomite  Siidtyrols,  ] . 

r.  Sandberger. — Die  Stellung  der  Raibler  Schicbten  in  deni  frankis- 
cben  und  schwabiscben  Keuper,  34. 

P.  Groth. — Leber  den  Titanit  im  Syorit  des  Plauen'scben  Grundes, 45. 

E.  Poppe. — Leber  fossile  Friicbte  aus  deu  Braunkoblen-Lagern  der 
Oberlausitz,  52  (plate). 

P.  Ludwig. — Die  Mainzer  und  Hessiscbe  Terliar-Formatior!,  59. 
Letters ;  Notices  of  Books,  Minerals^  Geology,  and  Fossils. 

L'Institut.     l^-'^  Section.     SS"^  Annee.     Nos.  1665-1678. 

  .     2"  Section.     30^  Annee.     Nos.  859-361. 

Palaeontograpbica :   beransgegeben  von  Hermann  von  Mayer.     Yol. 
xiv.  Lief.  4.     November  1865. 

R.  Ludwig. — Corallen  aus  palaolitbiscben  Formationen,  133  (14 
plates). 

  :   .     Vol.  XV.  Lief.  1.     November  1865. 

H,  von  Mej-er. — Leber  die  fossilen  Eeste  von  Wirbeltliieren,  welclie 
die  Sclilagintweit  von  iliren  Reisen  in  Indieu  und  Hocli-Asien 
niitgebracbt  haben,  1  (8  plates). 

  .     Zu  CheJiidra  JDecheni  aus  der  Braunkoble  des  Siebens-ebire'es, 

41  (plate).  ^       ̂    ' 

III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  hi  Italics, 

Ahich,  H.     Beitrage  zur  geologiscben  Kenntniss  der  Tbermalquellen 
in  den  kaukasiscben  Liindern.     1865. 

Anon.     Coal  Mines.      1858.     From  W.  WMialer,  Esq.,  F.G.S. 

Glaciers  and  tbeir  pbenomena.     1859.     From  W.  WJiitaJcer, 
Esq.,  FG.S. 

— .  Scientia  Scientiarum.  Being  some  account  of  tbe  origin  and 
objects  of  the  Victoria  Institute,  or  Philosophical  Society  of  Great 
Britain.     1865. 
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Beneche,  E.  W.  Geognostiscli-palaoiitologisclie  Beitrage.  Yol.  i. 
Heft  1.     Ileber  Trias  und  Jura  in  den  Siidalpen.     1866. 

Binney,  E.  W.  A  Description  of  some  Fossil  Plants^  shoeing  struc- 
ture, found  in  the  Lower  Coal-seams  of  Lancashire  and  Yorkshire. 

1865. 

  .     A  few  remarks  on  Mr.  Hull's  Additional  Observations  on  the 
Drift  Deposits  in  the  neighbourhood  of  Manchester.     1865. 

— .     Further  Observations  on  the  Permian  and  Triassic  Strata  of 
Lancashire.     1865. 

On  some  of  the  objects  of  the  Manchester  Geological  Society, 
and  the  best  means  of  attaining  them.     1865. 

Bland,  T.     Note  on  the  internal  structure  of  Megasjpira.     1866. 

Notes  on  certain  Terrestrial  MoUusca,  with  Descriptions  of 
New  Species.     1865. 

Remarks  on  the  origin  and  distribution  of  the  operculated 
land- shells  which  inhabit  the  continent  of  America  and  the  West 

Indies,  with  a  Catalogue  of  the  American  species.     1866. 

Brown,  E.,  The  Miscellaneous  Botanical  Works  of.  Yol.  i.,  con- 
taining, I.  Geographico-Botanical,  and  II.  Structural  and  Physio- 

logical Memoirs.     1866.     From  the  Ray  Society. 

California.  Geological  Survey.  Beport  of  Progress  and  Synopsis  of 

the  Pieldwork,  1860-64.  Geology.  Yol.  i.  ̂  1865.  From  Prof. J.  D.  Whitney. 

Catalogue.  Catalogue  of  the  Organic  Remains  belonging  to  the 
Echinodermata,  in  the  Museum  of  the  Geological  Survey  of  India, 
Calcutta.     1865.     From  Dr.  T.  Oldham,  F.G.S. 

Official  catalogue  of  the  Italian  Contributions  to  the  Dublin 
International  Exhibition,  1865.     From  W.  P.  Jervis,  Esq.,  F.G.S. 

Christiania.  Det  kongelige  Norske  Erederiks  Universitets  Aarsbe- 
retning  for  aaret  1863.     1865. 

  .     Gaver  til  det  kgl.  Norske  Universitets  i  Christiania.     1863. 

  .  Gaver  til  det  kongl.  Norske  Universitets  Bibliothek  i  Chris- 
tiania indkomne  gjennem  Universitets  Secretariat  i  4de  Quartal 

1863.     1864. 

  .     Index  Scholarum  in  Universitate  Regia  Eredericiana  cente- 
simo  quinto  eius  semestri  anno  mdccclxv  ab  augusto  mense  ineunte 
habendarum.     1865.      From  the  University  of  Christiania. 

Delesse.     Recherches  sur  I'origine  des  Roches.     1865. 

Deshayes,  G.  P.     Description  des  animaux  sans  vertebres  decouverts 
dans  le  bassin  de  Paris.     Livraisons  47-50.     1865. 
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Duncan,  P.  M.  On  some  Spaces,  formerly  occupied  by  Selenite,  in 
the  Lower  Eocene  Clays  of  the  London  Basin ;  with  remarks  on 
the  Origin  and  Disappearance  of  the  Mineral.     1866. 

  .     On  the  Fossil  Corals  of  the  West-Indian  Islands.     Part  I. 
1863. 

Eichwald,  E.  v.  Einige  Bemerkungen  iiber  die  geognostischen 
Karten  des  Europaischen  Eusslands.     1865. 

Favre,  A.     Sur  la  structure  en  eventail  du  Mont-Blanc.     1865. 

Eowler,  J.  Address  on  his  election  as  President  of  the  Institution 

of  Civil  Engineers,  Session  1865-66.  1866.  From  the  Institution 
of  Civil  Engineers. 

Gastaldi,  B.  Sulla  Riescavazione  dei  Bacini  Lacustri  per  opera  degli 
antichi  ghiacciai.     1865. 

Gastaldi,  Cav.  Intorno  ad  alcuni  fossili  della  Toscana  e  del  Pie- 
monte.     1865. 

Giebel.     Herr  v.  Koenen  und  die  Latdorfer  Conchylienfauna.     1866. 

Gosse,  P.  H.  Omphalos.  (Eeview.)  1858.  From  W.  Whitaher, 
Esq,,  FG.JS. 

Greece.  New  Island  in  the  Bay  of  Thera.  (Extracts  from  "  The 
Times.")     1866.     From  W.  WhitaJcer,  Esq.,  F.G.S. 

Giimhel,  C.  W.     Geognostische  Yerhaltnisse  der  Pfalz.     1865. 

  .     Ueber  das  Yorkommen  unterer  Triasschichten  in  Hochasien. 
1866. 

Gujpjpy,  U.  J.  L.  On  the  Terrestrial  and  Fluviatile  MoUusca  of  Tri- 
nidad.    1866. 

Kjerulf,  L.  T.  Yeiviser  ved  geologiske  excursioner  i  Christiania 
Omegn.     (Met  et  farvetrykt  kart  og  fiere  trsesnit.)     1865. 

KoJcscharoiv,  iV.  v.  Materialen  zur  Mineralogie  Busslands.  4  vols, 

and  plates.     1853-65. 

  .     Notiz  iiber  den  Chiolith.     1864. 

— .     Ueber  das  Krystallsystem  und  die  Winkel  des  Sylvanits. 
1865. 

— .     Yorlesungen  iiber  Mineralogie.     Yol.  i.     1865. 

Koninck,  L.  de.     Resume  de  la  theorie  chimique  des  types.     1865. 

Lardner,  D.     Popular  Geology.     (Review.)     1857.    From  W.Wh- 
taher,  Esq.,  F.G.S. 

Lartet,  E.     Sur  une  lame  d'ivoire  fossile  trouvee  dans  un  gisemc 
ossifere  du  Perigord,  et  portant  des  incisions  qui  paraissent  con- 
stituer        eproduction  d'un  Elephant  a  longue  criniere.     1865, 
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Lartet,  E.,  and  H.  Christy.  Eeliquiae  Aquitanicse ;  being  contri- 
butions to  the  Archaeology  and  Palseontology  of  Perigord  and  the 

adjoining  provinces  of  Southern, Prance.  Part  I.  1865.  From 
the  Executors  of  the  late  H.  O^sty,  Esq.,  F.G.S. 

Lauhe,  G.  C.  Die  Pauna  der  Schichten  von  St.  Cassian.  Ein  Beitrag 
zur  Palaontologie  der  alpinen  Trias.     Abth.  ii.     1865. 

Lavizzari,  L.     ISTouveaux  Phenomenes  des  Corps  Cristallises.    1865. 

Le  Hon,  H.  Histoire  complete  de  la  grande  eruption  du  Yesuve  de 
1631,  avec  la  carte  de  toutes  les  laves  de  ce  volcan  depuis  le 

seizieme  siecle  jusqu'aujourd'hui.     1866. 

Liebig,  J.  von.     Induction  und  Deduction.     1865, 

Loven,  JS.     Om  Ostersjon.     1864. 

Liica,  S.  de.  Eicerche  sull'  estrazione  della  Mannite  dalle  foglie  di 
ulivo.     1865. 

.   .     Eicerche  suUa  formazione  della  materia  grassa  ne'  frutti  dell' 
Olivo.     1862. 

  .     Osservazione  suUa  estrazione  della  Mannite  dalle  foglie  c  da' 
frutti  di  ulivo.     1865. 

  .     Analisi  qualitativa  di  calcoli  intestinali  di  Cavallo.     1865. 

  .     Eicerche  chimiche  suUe  materie  cristallizzate  contenute  nellc 

foglie  delle  piante.     1865. 

  ,  e  G.  XJbaldini.     Eicerche  chimiche  su'  Prutti  del  Mirto  Aus- 
trale  e  de'  Mirti  comuni.     1865. 

Magnetical  and  Meteorological  Observations  made  at  the  Government 
Observatory,  Bombay,  in  the  year  1863.  1864.  From  the  Secre^ 
tary  of  State  for  India. 

Martins,  C.  Du  Spitzberg  an  Sahara,  etapes  d'un  naturaliste  au 
Spitzberg,  en  Laponie,  en  Ecosse,  en  Suisse,  en  Prance,  en  Italic, 
en  Orient,  en  Egypte,  et  en  Algerie.     1865. 

  .     Sur  la  possibilite  d'atteindre  le  Pole  Kord.     1866. 
Maw,  G.,  and  E.  J.  Payne.  The  Prench  Universal  Exhibition  of 

1867.  Official  and  other  correspondence,  &c.,  relating  to  the  plan 
promulgated  \)j  M.  Le  Play,  the  Prench  Commissioner-General  for 
the  Exhibition  Palace.     1866. 

Memoirs  of  the  Geological  Survej^  of  India.  Yol.  iv.  Part  3.  On  the 
Coal  of  Assam,  with  Geological  JNTotes  on  the  adjoining  Districts 
to  the  South,  by  H.  B.  Medlicott.  1865.  From  Dr.  T.  Oldham, 
F.G.S. 

  .     Yol.  V.   Part  1.     Sections  across  the  North-western  Hima- 
layas, from  the  Sutlej  to  the  Indus,  with  descriptions  of  the  fossils, 

by  P.  Stoliczka.  The  Gypsum  of  Lower  Spiti,  with  a  list  of 
Minerals  collected  in  the  Himalayas,  by  P.  E.  Mallet.     1865. 
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Memoirs  of  the  Geological  Survey  of  India.  Palaeontologia  Indica. 
Vol.  iii.  Parts  6-9.  The  Fossil  Cephalopoda  of  the  Cretaceous 
Bocks  of  Southern  India,  by  F.  Stoliczka.  Yol.  iv.  Part  1.  On 
vertebrate  fossils  from  the  Panchet  Eocks,  near  Eanigunj,  Bengal, 
by  T.  H.  Huxley.     1865.     From  Br.  T.  Oldham,  F.G.8. 

Montagna,  0.  de.  Generazione  della  Terra,  metodicamente  esposta 
con  nuovi  principii  di  Geologia.     1865-66. 

  .     Intorno  all'  esistenza  di  Kesti  Organizzati  neUe  rocce  dette 
azoiche  ed  alia  doppia  origine  del  granito.     1866. 

Ndgeli,  C.  Entstehung  und  Begriff  der  naturhistorischen  Art. 
1865. 

Nicol,  J.    The  Geology  and  Scenery  of  the  North  of  Scotland.    1866. 

Oj)pel,  A.     Palseontologische  Mittheilungen.     Part  lY.     1865. 

PacJcard,  A.  S.,jun.  Eesults  of  observations  on  the  Drift  Pheno- 
mena of  Labrador  and  the  Atlantic  Coast  southward.     1866. 

Page,  D.  Advanced  Text-book  of  Geology.  (Eeview.)  1857.  From 
W.  WhiiaJcer,  Esq.,  F.G.S. 

Page,  T.  Eeport  on  the  proposed  Harbour  of  Eefuge,  New  Basin, 
and  Dock  at  Maryport,  and  their  advantages  for  ships  of  large 
burthen.     1865. 

Eeport.  Annual  Eeport  of  the  Geological  Survey  of  India,  and  of 
the  Museum  of  Geology,  Calcutta.  1864-65.  From  Dr.  T.  Old- 
ham,  F.G.S. 

Eeport  of  the  Chief  Commissioner  of  Mines  for  the  Province 
of  Nova  Scotia  for  the  year  1865.     1866.     From  the  Rev.  D. 
Honeyman,  D.G.L.,  F.G.S. 

Bigaucc,  E.     Notice  stratigraphique  sur  le  Bas-Boulonnais.     1865. 

Sars,  G.  0.    Norges  Perskvandskrebsdyr  forste  afsnit  Branchiopoda. 
1.  Cladocera.  ctenopora.     1865. 

Seehach,  K.  von.    Ueber  den  Yulkan  Izalco  und  den  Bau  der  Central- 
Amerikanischen  Yulkane.     1865. 

Seeley,  H.     Notice  of  opinions  on  the  stratigraphical  position  of  the 
Eed  Limestone  of  Hunstanton.     1861. 

  .  On  the  Hunstanton  Eed  Eock.     1864. 

  .  On  the  Fossils  of  the  Hunstanton  Eed  Eock.     1864. 

  .  On  a  Section  discovering  the  Cretaceous  beds  at  Ely.    1865. 

  .  Notes  on  Cambridge  Geology.     1862. 

  .  Notes  on  Cambridge  Palaeontology.     1861. 
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Seeley,  H.     On  a  new  Lizard,  with  Ophidian  affinities,  from  the 
Lower  Chalk  (Saurosj)ondylus  dissimilis),     1865. 

  .     On  the  Ammonites  of  the  Cambridge  Greensand.     1865. 

  .     On  the  literature  of  English  Pterodactyles.     1865. 

— .     On  Plesiosaurus  macropterus,  a  new  species  from  the  Lias  of 
Whitby.     1865. 

— .  On  two  new  Plesiosaurs  from  the  Lias.     1865. 

— .  Description  of  two  new  species  of  Chalk  Starfishes.     1858. 

— .  A  help  to  the  identification  of  Fossil  Bivalve  Shells.     1864. 

— .  Mytilus  spathulatus,  a  new  Cretaceous  species.     1864. 

  .     Notice  of   Torynocrinus  and  other  new  and  httle-known 
fossils  from  the  Upper  Greensand  of  Hunstanton,  commonly  called 
the  Hunstanton  Eed  Rock.     1866. 

Sorhy,  H.  C.  On  the  organic  origin  of  the  so-caUed  Crystalloids  of 
the  Chalk.     1861. 

Stanley,  W.  F.  A  descriptive  treatise  on  Mathematical  Drawing 
Instruments,  their  construction,  .uses,  qualities,  selection,  preser- 

vation, and  suggestions  for  improvement ;  with  hints  upon  Draw- 
ing and  Colouring.     1866. 

Winchell,  A.  Some  indications  of  a  northward  transportation  of 
drift-materials  in  the  Lower  Peninsula  of  Michigan.     1865. 

lY.  BOOKS  RECENTLY  PURCHASED  FOR  THE  LIBRARY. 

Alberti,  F.  von.  Ueberblick  liber  die  Trias,  mit  Beriicksichtigung 
ihres  Yorkommens  in  den  Alpen.     1864. 

Archiac,  A.  d'.  Introduction  a  I'etude  de  la  Paleontologie  Strati- 
graphique.     1864. 

Baudon,  A.  Notice  sur  quelques  Terebratules  du  Calcaire  grossier, 

non  decrites  jusqu'a  ce  jour.     1855. 

Beitrage  zur  geognostischen  Kenntniss  des  Erzgebirges,  Auf  Anord- 
nung  des  konigl.  Sachs.  Oberbergamtes  aus  dem  Ganguntersu- 
chungsarchiv.     Heft  1.     1865. 
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Blainville,  de.  Osteographie ;  ou  description  iconographique  comparee 
du  squelette  et  du  systeme  dentaire  des  Mammiferes  recents  et 
fossiles,  pour  servir  de  base  a  la  Zoologie  et  a  la  Geologie.    1839-64. 

Brouillet,  P.  A.  Epoques  ante-historiques  du  Poitou,  ou  recherches 
et  etudes  sur  les  monuments  de  TAge  de  Pierre  recueillis  dans  les 
cavernes,  le  diluvium  et  les  ateliers  celtiques  en  plein  air  de  cette 
contree.     1865. 

California.  Geological  Survey.  Palaeontology.  Yol.  i.  Carbonife- 
rous and  Jurassic  Fossils,  by  F.  B.  Meek.  Triassic  and  Cretaceous 

Fossils,  by  W.  M.  Gabb.     1864. 

Palaeontology.    Vol.  ii.    Section  1.    Part  1.  Tertiary 
Invertebrate  Fossils,  by  W.  M.  Gabb.     1866. 

Capellini,  G.    Studi  Stratigrafici  e  Paleontologici  suU'  Infralias  neUe 
montagne  del  golfo  della  Spezia.     1862. 

Coquand,  H.     Geologic  et  Paleontologie  de  la  region  sud  de  la  pro- 
vince de  Constantino.     1862. 

Monographic  Paleontologique  de  I'etage  Aptien  de  I'Espagne. 1866. 

Cotta,  B.  von.  Rocks  classified  and  described.  A  Treatise  on  Litho- 
logy.  English  edition,  by  P.  H.  Lawrence,  with  English,  German, 
and  French  synonyms.     1866. 

Dumortier,  E.  Etudes  paleontologiques  sur  les  depots  jurassiques 

du  bassin  du  Rhone.     1'"^  Partie.     Infra-lias.     1864. 

Note  sur  quelques  fossiles  peu  connus  ou  mal  figures  du  lias 
moyen.     1857. 

Duval- Jouve,  J.  Belemnites  des  terrains  cretaces  inferieurs  des  en- 

virons de  Castellane  (Basses-Alpes),  considere'es  geologiquement 
et  zoologiquement,  avec  la  description  de  ces  terrains.     1841. 

Eck,  H.  Ueber  die  Formationen  des  bunten  Sandsteins  und  des 
Muschelkalks  in  Oberschlesien  und  ihre  Versteinerungen.     1865. 

Egger,  J.  G.  Der  Jura-Kalk  bei  Ortenburg  und  seine  Yersteine- 
rungen.     1858. 

Die  Foraminiferen  der  Miocan-Schichten  bei  Ortenburg  in 
Nieder-Bayern.     1857. 

Die  Ostrakoden  der  Miocan-Schichten  bei  Ortenburg  in  Nie- 
der-Bayern.     1858. 

Ehrenberg,  C.  G.  Microgeologie,  das  Erden  und  Felsen  schaffende 
Wirken  des  unsichtbar  kleinen  selbststandigen  Lebens  auf  der  Erde. 
1854 ;  Fortsetzung,  1856. 
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Engelhardt,  C.  Denmark  in  the  Early  Iron  Age,  illustrated  by 
recent  discoveries  in  the  peat  mosses  of  Slesvig.     1866. 

Piedler,  H.     Die  fossilen  Priichte  der  Steinkohlenformation.     1857. 

Ponvielle,  W.  de.  L'Homme  fossile.  Etude  de  philosophie  zoolo- 
gique.     1865. 

Eorbes,  E.  The  Zoology  of  the  Voyage  of  H.M.S.  ̂ Herald/  under 
the  command  of  Capt.  H.  KeUett.  Yertebrata,  including  Eossil 
Mammals,  by  Sir  John  Richardson.     1854. 

Eromentel,  E.  de.  Catalogue  raisonne  des  Spongitaires  de  I'etage 
Neocomien.     1861. 

Description    des   Polypiers   fossiles   de   I'etage  Neocomien., 1857. 

Gaudry,  A.    Animaux  fossiles  et  Geologic  de  I'Attiquc.     1865. 

Geinitz,  H.  B.,  H.  Eleck,  und  E.  Hartig.  Die  Steinkohlen  Deutsch- 

land's  und  anderer  Lander  Europa's,  ihre  Natur,  Lagerungsver- 
haltnisse,  Yerbreitung,  Geschichte,  Statistik  und  technische  Yer- 
wendung.     3  vols.     1865. 

Gesner,  A.  A  practical  treatise  on  Coal,  Petroleum,  and  other  dis- 
tilled oils.     1861. 

Giebel,  C.  Die  Eauna  der  Braunkohlenformation  von  Latdorf  bei 
Bernburg.     1864. 

Gomes,  B.  A.  Elora  fossil  do  terrene  Carbonifero  das  visinhangas 

do  porto,  serra  do  Bussaco,  e  moinho  d'ordem  proximo  a  alcacer 
do  sal.     1865. 

Greenwood,  G.  Rain  and  Rivers,  or  Hutton  and  Playfair  against 
Lyell  and  all  comers.     2nd  edition.     1866. 

Hauer,  E.  von.  Beitrage  zur  Palasontologie  von  Oesterreich. 
Parts  1  &  2.     1858. 

Hauer,  K.  von.     Die  fossilen  Kolilen  Ocsterreich's.     2nd  edition. 
1865. 

Heer,  0.    .Die  Pilanzen  der  Pfahlbauten.     1865. 

Herschel,  J.  E.  AY.     Physical  Geography.     2nd  edition.     1862. 

Huxley,  T.  H.,  and  B.  ̂ Y.  Hawkins.  An  elementary  atlas 'of  Com- 
parative Osteology.     1864. 

Kaufmann,  F.  J".  Dntersuchungen  iiber  die  mittel-  imd  ostschwei- zerische  subalpine  Molasse.     1860. 

Keller,  E.     Pfahlbauten.     6th  Bericht.     1866. 
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Kobell,  F.  von.    GescMchte  der  Mineralogie,  von  1650-1860.    1864. 
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Since  the  publication  of  Professor  Owen's  great  work  on  the 
British  Fossil  Mammalia  in  the  year  1846,  no  addition  has  been 
made  to  our  knowledge  of  the  British  Fossil  Oxen,  while  on 
the  continent  Professor  Nilsson,  of  Lund,  has  described  with  a 

master's  hand  those  of  Scandinavia,  and  Dr.  Eiitimeyer,  of  Basle,  those 
found  in  the  Pile-works  of  Switzerland.  In  the  meanwhile  a  large 
amount  of  information  with  reference  to  them  has  been  obtained  from 

the  bone-caves  and  river-deposits  of  Britain,  and  from  the  peat-bogs 
and  marls  below  of  Britain  and  Ireland,  for  the  most  part  unpub- 

lished or  scattered  about  in  disjointed  fragments  through  the  nume- 
rous scientific  and  archaeological  journals  of  the  day. 

The  relics  of  the  food  of  the  Koman  legions  stationed  in  Britain, 
and  of  the  Eomano-British,  and  the  contents  of  their  tombs,  and 
especially  many  incidental  notices  of  wild  oxen  in  the  historians 
from  the  time  of  Charlemagne  down  to  the  end  of  the  12th  century, 
afford  remarkable  evidence  as  to  the  date  down  to  which  the  wild 

oxen  lived  in  continental  Europe  and  in  Britain.  To  collect  all  these 
isolated  facts  together,  and  to  give  an  outline  of  the  characters  of 
each  species  or  variety,  and  to  define  their  range,  so  far  as  may  be, 
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in  time,  is  the  object  of  this  essay.  The  three  species  which  come 
under  our  notice  are — 1.  The  Great  TJrus,  Bos  urus  of  Julius  Caesar  ; 
2.  The  Small  Short-horn,  Bos  longifrons  of  Professor  Owen;  3. 
The  Bison,  Bos  bison  of  Plinj. 

The  problem  as  to  the  origin  of  our  domestic  races  of  cattle  is  only 
to  be  solved  by  a  careful  examination  of  each  of  these  three  European 
fossil  animals.  Of  the  three,  we  shall  begin  with  the  Bos  Urus  of 
Julius  Caesar. 

2.  Chaeactees. 

The  Bos  urus,  or  the  Bos  primigenius  of  Bojanus*,  is  cha- 
racterized, according  to  the  latter,  by  the  concavity  of  the  fore- 

head, by  the  prominence  of  its  orbits,  which  have  not  such  a  for- 
ward direction  as  in  Bos  taurus,  and  by  the  large  size  of  the  neural 

spines  of  the  dorsal  vertebrae.  The  large  horns  also  have  a  double 
curvature,  first  outwards,  and  then  forwards  and  upwards.  Pro- 

fessor Mssont,  describing  the  remains  of  this  animal  found  in  Scania, 
describes  it  as  characterized  by  the  flatness  of  forehead,  the  straight- 
ness  of  "  the  edge  of  the  neck,"  and  by  the  horns  being  very  large 
and  long,  near  the  roots  directed  outward  and  somewhat  backward, 
in  the  middle  bent  forward,  and  towards  the  points  turned  a  little 
upwards.  Baron  Cuvier,  on  the  other  hand,  writes,  with  reference 

to  the  skulls  of  this  animal  that  he  had  examined  J,  "  The  general 
contour  of  the  frontal  bone,  its  concavity,  and  the  reentering  curve 
which  bounds  it  above,  and  which  extends  as  a  crest  from  one  horn  to 
the  other,  the  acute  angle  that  the  surface  of  the  frontal  makes  with 
that  of  the  occipital,  the  circumference  of  the  latter,  the  temporal 
fossa,  are  absolutely  the  same  in  these  two  skulls  as  in  the  common 

Ox  (Bos  taurus)."  In  the  horn-core  of  the  Urus  he  can  detect  no 
differences  of  specific  value  as  compared  with  the  former  animal,  in 
which  almost  every  variation  of  curvature  is  to  be  found;  while  at 
the  same  time  the  fact  that  the  horn- core  of  the  TJrus,  after  bending 
outwards,  bends  back  upon  itself  a  little  downwards  and  forwards, 
instead  of  presenting  the  regular  double  curvature  of  that  of  the 
common  Ox,  outwards  and  more  or  less  upwards  or  forwards,  is  well 

worthy  of  remark.  The  common  Ox,  however,  presents  every  varia- 
tion in  the  size  of  its  horns,  sometimes  being  entirely  hornless,  as 

in  a  Welsh,  Scotch,  and  Islandic  breed,  at  others  having  them  most 
enormously  developed,  as  in  the  Sanga  or  Galla  Ox  of  Abyssinia,  in 
which  variety,  according  to  Father  Lobos  (quoted  by  Zimmerman, 
Spec.  Zool.  Geograph.  4to,  1778,  p.  110),  the  horn  is  sufficiently 
large  to  contain  more  than  ten  quarts.  A  walk  into  a  cattle  market 
will  convince  the  most  sceptical  of  observers  that  the  common  Ox 
presents  also  almost  every  variation  possible  in  the  shape  and  the 
direction  of  the  horns.  In  fine,  a  very  careful  comparison  of  the 
skulls  of  Bos  urus  in  Britain  with  those  of  the  various  varieties 

of  Bos  taurus  or  the  common  Ox,  compels  me  to  believe  that  there 

*  Ifev.  Act.  Acad.  Nat.  Cur.  xiii.  2.  p.  424,  1.  24. 
t  Anaa.  &  Mag.  Nat.  Hist.  1849,  vol.  iv.  ser.  2.  p.  257-258. 
:t  'Oss.  JFoss.  t.  iv.  p.  150,  3rd  edit.  1825. 
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is  no  difference  of  specific  value  between  them,  those  points  of 
difference  noticed  by  Professors  Riitimeyer  and  Nilsson  proving  to 
be  peculiar  to  the  individual  and  not  to  the  species,  and  therefore 
useless  for  classificatorj  purposes.  At  the  same  time,  its  size, 
though  inferior  to  that  of  the  Italian  or  Abyssinian  animal,  was  far 
greater  than  that  of  any  variety  of  Bos  taurus,  which  coexisted 
with  it  in  the  forests  of  Erance,  Germany,  or  Britain,  and  affords  a 
ready  means  of  identification  ;  while  it  is  easily  differentiated  from 
the  smaller  contemporary  Bison  by  the  double  curvature  of  the  horns, 
their  backward  position  close  to  the  occipital  crest,  the  concavity  of 
the  frontal  bone,  and  the  acute  angle  that  the  occiput  makes  with  the 
frontal  region.  The  quadrangular  outline  of  the  occipital  region 
and  the  larger  size  of  the  bones,  the  anterior  dorsal  vertebrae  being 
excepted,  are  also  guides  by  which  to  recognize  it. 

3.  Synonyms. 

The  synonymy  of  the  Bos  urus  is  in  a  state  of  very  great  con- 
fusion, arising  from  the  fact  that  the  two  words  denoting  two 

distinct  species,  the  Urox  and  the  Aurochs,  are  derived  from  the 
same  Sanscrit  root,  ur,  aur,  or  or,  that  signifies  a  forest  or  stony 
waste.  The  root  can  be  traced  through  many  languages,  and  still 
survives  in  the  Greek  opos  (a  mountain),  the  Norwegian  ore,  the 
Islandic  urd  (the  stony  desert  surrounding  the  base  of  the  mountains), 
and  is  preserved  without  change  in  the  old  German  ur  (a  forest)  and 

in  "  Ur  of  the  Chaldees."  It  appears  also  in  the  Ural  Mountains, 
and  also  in  the  canton  of  Uri,  the  crest  of  which  is  an  ox-head.  At 
the  annual  election  of  magistrates  in  the  latter  place,  my  friend  the 

historian  of  ̂  Federal  Republics,'  Mr.  E.  A.  Preeman,  tells  me  that  two 
gigantic  horns  with  double  curvature  are  borne  in  solemn  procession 
to  this  day.  These  probably  are  of  considerable  antiquity,  and  were 

obtained  from  a  gigantic  Urus-buU*  that  fell  a  victim  to  the  chase, 
in  which  the  German  youth  in  Caesar's  time  prepared  themselves  for 
the  toils  of  war,  obtaining  almost  as  much  honour  from  the  possession 
of  horns  of  Urus  slain  by  their  own  hands  as  from  that  of  trophies  won 
in  battle  f.  The  root  also  occurs  in  the  name  applied  to  the  gigantic 
ox  of  the  tableland  of  Central  India — the  Gaur  (Bos  gaurus).  With 
reference  to  this,  Mr.  W.  A.  Chatto  observes,  "  The  word  Gau  or 
Ghoo,  as  it  is  sometimes  spelt  by  European  writers,  appears  to  be 
used  both  as  a  generic  and  specific  term  in  Persia  and  Hindostan ; 
and  as  it  has  the  same  meaning  as  the  German  word  Kuh,  and  the 
English  Oow,  it  is  highly  probable  that  its  origin  is  the  same.  As 
the  word  ur  in  Hindostan  appears  to  have  the  meaning  of  luild  or 

savage,  the  name  Gaur  or  Gau-ur  literally  signifies  wild  cow  J. 

*  That  the  Urus's  horns  were  used  in  the  Bronze  age,  and  possibly  before,  is 
proved  by  Professor  Nilsson's  discovery  of  a  bronze  trampet  made  in  the  shape 
of  a  horn  of  Urus,  dug  from  a  depth  of  6-8  feet  out  of  a  turf-bog  in  Southern 
Scania.  "  It  is  more  than  probable  that  the  inhabitants  of  the  south  of  Sweden 
first  used  the  horns  of  the  IJrox  for  their  war-horns,  and  at  a  later  period  made 
themselves  horns  of  bronze  in  the  same  form  as  the  former."     Ojp.  cit.  p.  267. t  Cses.  Bell.  Gall. 

X  Nat.  Hist,  of  the  Ox  Tribe.   By  George  Vasey.  8vo.  London,  1857 :  p.  103. 
2e2 
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The  Grermaii  Urox,  Aurochs,  and  the  Gaur  of  Hindoostan  are 
therefore  etymologically  one  and  the  same,  and  mean  primarily  wild 
or  forest  oop,  but  are  used  to  denote  three  distinct  species.  To  pass 
over  the  latter  species  of  Hindostan,  with  which  we  have  nothing  to 
do  in  this  place,  the  term  Aurochs  has  been  restricted  to  the  Euro- 

pean Bison  by  the  authority  of  Buffon,  Cuvier,  and  Professor  Owen ; 
the  term  Urox,  or  Bos  urus,  to  the  species  under  consideration  by 

Julius  Caesar,  Pliny,  the  chronicler  of  '  The  Wars  of  Charlemagne '  *, 
and  other  writers  of  the  6th  to  the  12th  centuries ;  also  by  Cuvier, 
Nilsson,  and  our  great  naturalist  Professor  Owen.  The  Polish 

"Thur"  is  simply  another  form  of  the  root  ur,  and  signifies  wild  ox. 
A  reference  to  Dr.  Pischer's  great  work  (Synopsis  Mammalium, 

8vo,  Stutgardtiae,  1829,  pp.  497-498)  vrill  show  the  confusion  that 
exists  between  the  Urox  and  Aurochs  in  the  works  of  the  older  Euro- 

pean naturalists,  and  will  obviate  the  necessity  of  my  giving  details 
in  this  place. 

The  large  fossil  ox  of  the  Pleistocene  period,  termed  Bos  primi- 
genius  by  Bojanus  and  Professor  Owen,  differs  in  no  respect  from 
the  Bos  uriis  of  the  Prehistoric  and  Historical  period. 

4.  Measurements. 

The  following  measurements  show  that  there  was  a  consider- 
able difference  in  size  between  the  individuals  of  the  Bos  urus. 

They  are  all  reduced  to  inches  and  tenths,  for  the  sake  of  ease  of 

comparison.  The  first  skull  that  Cuvier  mentions  (op.  cit.  pp.  150-151, 
pi.  iii.  figs.  3-8)  presents  a in. 

Width  between  the  horn-cores  of     12'8 
orbits    12-9 

Circumference  of  horn-core    12*9 
Length  of  horn-cores  following  curvature    27 '9 
Distance  between  their  tips   '.    32'5 

Cuvier  observes  of  this  skull  that,  according  to  the  proportion  of  the 

Bos  taurus,  it  would  belong  to  an  animal  12  feet  long  and  6*5  feet 
high  at  the  withers. 

The  dimensions  of  a  second  and  more  perfect  skull,  dug  from  the 
peat-bog  of  Saint- Vrain  in  the  canton  of  Arpajon  (op.  cit.  pi.  xi. 
figs.  1,  2,  3),  indicate  an  animal  of  considerably  smaller  size  than  the 
preceding — in. 

Extreme  length  from  occipital  crest  to  end  of  premaxillary    25*75 
Distance  between  orbits    ll"o 
Horn-core  to  born-core    ITO 
Diameter  of  horn-core  at  base        5*5 
Distance  between  tips  of  horn-cores    24-8 
Height  of  occipital  crest  from  the  bottom  of  the  foramen  magnum     8-8 
Maximum  width  of  occipital  surface  between  the  two  mastoid 

processes    12"0 
Antero-posterior  extent  of  palate    12'08 
Length  of  skull  from  the  foramen  magnum  to  anterior  edge  of 

premaxillaries    2205 

*  Monachi  Sangallensis  Lib,  ii.  de  Eebus  Bellicis  Caroli  Magni,  c,  xi. 
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This  skull  Is  4  inches  longer  than  that  of  the  largest  Bos  tauriis  in 
the  Jardin  des  Plantes. 

The  most  perfect  remains,  however,  are  those  derived  from  the 

turbaries  of  Scania,  described  by  Professor  Nilsson,  of  Lund*.  They 
afford  the  following  measurements  in  inches  and  tenths : — 

Occipital  crest  to  premaxillary    2833 
Horn-cores  to  anterior  edge  of  premaxillary    2541 
Lower  edge  of  orbit       15*33 
Outer  curve  of  horn-core    26*0 
Breadth  of  forehead  between  base  of  upper  part  of  horn-cores     9*08 

„  ,,  „  lower  part  of        „  12-0] 
,,  „  between  orbits,  upper  part    1201 
,,  ,,  ,,  lower  part      1133 

Distance  between  tips  of  horn-cores    28-0 
Circvimference  of  base  of  horn-core    14"33 
Distance  between  auditory  foramina       12*33 
First  cervical  to  last  dorsal  vertebra     91*33 
Cervical  vertebrae    23*33 
Length  of  shoulder-blade    200 
Breadth  of  its  distal  end     12*0 
Length  of  humerus  between  articulations       14*0 

ofradius       14*33 
.,        of  ulna  and  olecranon    19*5 
„        of  femur    19*0 

oftibia     17*5 
, ,        of  metatarsal    1 1  '0 

Professor  Mlsson  estimates  the  length  of  the  animal  as  being  from 

11-5  to  12  feet,  and  its  height  over  the  withers  as  about  6  to  Q'b — 
an  estimate  that  coincides  remarkably  with  that  given  by  Baron 
Cuvier  from  the  examination  of  the  head  of  a  French  specimen,  which 
we  have  already  noticed. 

To  pass,  however,  to  the  remains  of  the  Bos  urns  found  in  our  own 
country,  the  first  and  most  noteworthy  discovery  in  Britain  was  that 
of  the  frontal  portion  and  horn-cores  in  the  bed  of  the  river  Avon  at 
Mellisham,  near  Bath.  The  span  from  tip  to  tip  of  the  unbroken 

horn-cores  was  39  inches f,  their  basal  circumference  17*5,  and 
their  length,  following  their  curvature,  36*5.  This  last  measurement 
is  one-fourth  greater  than  that  mentioned  by  Cuvier  as  indicating 
an  animal  12  feet  long  and  6*5  feet  high.  Mr.  Woods  also  cites  an 
instance  of  the  occurrence  of  a  head  of  this  species  of  a  size  little 
inferior  to  the  head  of  the  preceding,  under  a  tumulus  near  Calne 
in  Wilts,  and  associated  with  remains  of  the  Deer,  Boar,  and  British 
pottery  ornamented  with  right  lines.  The  measurement  from  tip 
to  tip  of  horn -core  of  33  inches,  and  their  basal  circumference  of 
15'5,  prove  that  at  the  time  the  makers  of  the  tumulus  lived  in  Wilt- 

shire a  Urox  inhabited  the  same  area  of  larger  size  than  any  of 
those  mentioned  by  Baron  Cuvier  in  Germany,  or  by  Professor  Nils- 
son  in  Scania. 

Professor  Owen  figures,  in  the  *  British  Possil  Mammals,'  a  skull 
fromnear  Athol,  in  Perthshire,  derived  probably  from  a  turbary.    It  is 

*  Op.  cit.  p.  258  et  seq. 
t  Descript.  of  Fossil  Skull  of  Ox.  By  Henry  Woods,  A.L.S.  4to.  London, 

1839 :  p.  29. 
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36  inches  long,  the  span  of  the  horn-cores  is  42  inches,  and  the 
breadth  of  the  forehead  between  the  horn-cores  10-5  inches*.  Dr. 
Fleming  notices  the  large  size  of  the  skulls  of  oxen  from  the  marl- 
pits  underlying  the  peat  of  Scotland,  and  speaks  of  one  in  his  pos- 

session as  being  27"5  inches  long,  with  a  span  of  9  inches  between 
the  bases  of  the  horn-cores,  and  of  11'5  across  the  orbits.  He 
considers  them  to  have  belonged  to  a  species  of  Bos  taurus  f. 

All  the  cases  cited  above,  with  the  exception  of  that  found  on 
the  banks  of  the  Avon,  near  Eath,  which  may  perhaps  be  of  the  same 
date  as  elephantine  and  leonine  remains  found  in  the  neighbouring 
gravels,  are  of  a  date  posterior  to  the  extinction  of  the  Mammoth, 
tichorhine  Khinoceros,  Cave-bear,  and  other  animals  character- 

istic of  the  Pleistocene  period  in  Central,  Western,  and  Northern 
Europe,  and  are  derived  from  deposits  either  of  peat  or  of  marl 
beneath  it,  or  from  tumuli.  They  are  therefore  of  Prehistoric  age. 
The  few  remaining  measurements  that  I  shall  give  are  those  of  the 
skulls  and  horn-cores  of  the  same  species  that  boast  of  a  vastly 
greater  antiquity,  and  which  were  associated  with  the  remains  of 
the  Pleistocene  Mammals,  both  in  the  caverns  and  in  river-deposits 
of  that  early  period. 

Mr.  Brown,  of  Stanway,  to  whom  we  are  indebted  for  the  discovery 
and  preservation  of  the  remains  of  a  large  number  of  Pleistocene 
mammals,  describes  a  skull  of  this  species,  along  with  the  molar  of  a 
Eleplias  primigenius,  in  the  drift  of  Clacton  in  Essex  J.  Each  of  its 
cores  measures  36  inches  in  length  following  the  outer  curvature, 
and  has  a  basal  diameter  of  6  x  5  inches.  Professor  Owen  de- 

scribes a  second  skull,  obtained  by  Mr.  J.  Wickham  Elower,  F.G.S., 
from  the  drift  of  Heme  Bay,  as  possessed  of  horn- cores  measuring 
along  the  outer  curve  39  inches,  mth  abasal  circumference  of  18-85. 
A  remarkably  fine  pair  of  horn- cores  have  also  been  obtained  from 
the  brick-earth  at  Crayford,  in  Kent,  belonging  to  the  low-level 
series  of  gravels  and  brick- earths  of  Mr.  Prestwich.  Their  basal 
circumference  is  16-6  inches,  and  their  length,  following  the  outer 
curvature,  35  inches.  They  are  preserved  in  the  collection  of  Mr. 
Grantham,  to  whom  I  am  indebted  for  their  examination.  A  large 
number  of  other  cases  of  the  remains  of  this  species  having  been 

found  in  Britain  may  be  cited,  as  in  the  river-deposits  near  Erith, 
Maidstone,  Hford,  Wickham,  Brentford,  Bielbecks  in  Yorkshire, 

and  Eisherton  in  Wilts,  and  in  the  caverns  of  Kent's  Hole,  Oreston, 
and  many  others.  As  sufficient  evidence  has  been  given  for  the 
variation  in  size  of  the  head  and  of  the  horn-cores  of  the  species, 
their  measurements  would  serve  no  special  purpose  in  this  place. 
The  measurements  of  the  long  bones  and  lower  jaws  will  be  given  in 
a  tabular  form  in  the  essay  upon  the  Aurochs,  or  Bison  prisms  of 
Professor  Owen. 

One  point  is  very  remarkable  with  reference  to  the  development 
of  the  horn-cores  and  the  size  of  the  animal — that  just  as  the. 

*  Op.  cit.  p.  512. 
t  British  Animals.     8vo.     Lond.  &  Edin.  1828 :  p.  24. 
+  Mag.  Nat.  Hist.  n.  s.  1838,  p.  163, 
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Urus  mentioned  by  Cgesar  as  ''  magnitudine  panlo  infra  elepha
ntos," 

and  that  found  in  the  peat  and  in  the  marl  beneath  m  France
, 

Northern  Germany,  and  Scandinavia,  surpassed  the  average  un
cas- 

trated  Bos  taurus  of  Western  and  Central  Europe  in  size,  so  were 

they  exceeded  in  size  by  those  that  inhabited  the  same  area  in  th
e 

Pleistocene  period.  The  more  abundant  food  afforded  by  the  vast 

prairie  grounds  of  the  Pleistocene  continent  would  naturally  cau
se 

the  Pleistocene  Urus  to  attain  to  a  higher  pitch  of  development  than 

the  more  restricted  range  and  food,  after  the  submergence  of  the 

Pleistocene  lowlands,  of  the  species  in  Prehistoric  and  m  Hist
oric 

times  where,  moreover,  it  would  have  a  hard  battle  to  fight  for  it
s 

very  existence  with  the  most  formidable  of  the  beasts  of  prey— wi
th 

man  This  is  the  only  hypothesis  that  I  can  suggest  to  accou
nt 

for  the  larger  size  of  nearly  aU  the  Pleistocene  Mammalia  
as  com- 

pared with  those  descendants  of  them  now  living  in  the  same  area. 

5.  Eange  in  Space  and  Time. 

That  the  Bos  urus  or  Bos  primigenius  was  a  contemporary  of  the 

Mammoth,   leptorhine,   megarhine,    and  tichorhine   Ehinocero
s   is 

proved  by  its  occurrence  in  the  brick-fields  of  Crayford,  in  Kent
, 

abeady  mentioned.     Besides  the  above,  it  was  associated  with 

Fehs  speliea.  Cervus  elaphus. 

Ursus  spel^us.  Elephas  antiquus. 
Ursus  arctos.  Equus  f ossilis.     ̂ 

Bison  priscus.        _  Arvicola  amphibia. 
Megaceros  Hibernicus. 

In  the  brick-earths   on  the   opposite   side   of    the  Thames  it  is 

associated  with  the  Hii^popotamus  major  at  Grays,  m  Essex.     The 

associated  remains,  indeed,  from  many  other  localities  such  as  that 

given  above  leave  no  room  to  doubt  that  it  wandered  through  the 

Pleistocene    woodlands    in    Prance,    Germany,    and    Britain  _  with 

the  other  mammalia  of  the  period.     A  table  of  the  distribution  ot 

Pleistocene   Mammalia   in  my  possession  proves  that   it  was^  far 

less  numerous  in  Britain  than  its  smaller  contemporary  the  Bison, 

or  Bison  priscus  of  Professor  Owen.     In  Prehistoric  times,  after  the 

Elephants  and  Bhinoceroses  of  the  Pleistocene  period  had  passed 

away,  and  the  Cave-hyenas  and  Cave-lions  had  retreated  from  Western 

and  Central  Europe  southwards,  it  still  held  its  ground  m  France, 

Germany,  and  Scandinavia;    and  from  the  instances  cited  of  the 

occurrence  of  its  remains,  it  seems  to  have  become  relatively  more 

numerous  than  the  Bison,  which  also  survived  in  Europe,  but  which, 

so  far  as  I  know,  has  not  yet  been  detected  in  any  Prehistoric  de- 

posit in  Britain  or  Ireland.     The  case  of  the  skull  of  this  species 

being  found  under  the  tumulus  at  Calne,  associated  with  theremams 

of  the  feasts  and  the  fragments  of  pottery  of  some  ancient  British 

tribe,  proves  that  the  Urus  was  hunted  in  those  early  days  m  Wilt- 
shire.    The  date  of  its  extinction  in  Britain  is,  to  say  the  least, 

a  very  vexed  question.     Professor  Owen  infers,  from  the  condition 

of  the  remains  from  the  Scotch  peat-bogs,  that  it  retained  its  ground 

longest  in  Scotland ;  Nilsson  infers,  from  Csesar's  silence,  that  it  was 



398  PEOCEEDINGS  OF  THE  GEOLOGICAL  SOCLETY.  [Mar.  21, 

extinct  in  his  time ;  but  wlien  we  take  into  consideration  the  small 
area  that  he  saw  of  the  country,  and  its  physical  condition,  covered 
with  vast  forests  and  pathless  morasses,  his  silence  does  not  seem  to 
be  of  any  weight  either  for  or  against  the  extinction  of  the  animal 
at  that  time.  The  absence,  however,  of  its  remains  from  the  very 
numerous  accumulations  of  bones  of  Bos  Jongifrons,  Eed  Deer,  Wild 
Boar,  and  the  like  animals,  which  were  the  food  of  the  people  after 
Britain  was  interpenetrated  by  Roman  influence,  makes  it  highly 
probable  that  it  was,  to  say  the  least,  very  scarce.  It  may  perhaps 
have  still  lingered  on  in  the  wilder  parts  of  the  country.  To  add 
to  the  perplexity  as  to  the  date  of  its  extinction,  William  Fitz- 

Stephens,  in  his  '  Life  of  Becket,'  incidentally  mentions  the  condition 
of  the  country  immediately  to  the  north  of  London  *.  After  descri- 

bing the  pleasant  gardens  that  the  citizens  had  out  of  town,  the  pas- 

tures and  hills,  he  says,  '^  Close  by  there  extends  a  great  wilderness, 
woodland  glades,  the  lurking-places  of  wild  beasts.  Red  Deer,  Fallow 

Deer,  Wild  Boars,  and  Wild  Bulls"  (tauri  sylvestres).  Whether  or  not 
"  taurus  sylvestris  "  be  synonymous  with  Bos  urus  in  this  passage 
may  be  disputed,  as  it  may  be  objected  that  perhaps  it  may  mean 
only  the  domestic  cattle  that  were  sent  out  into  the  woods  to  get 
their  own  living.  On  the  other  hand,  the  fact  of  their  being  classed 
under  the  head  oi  ferce,  along  with  the  Red  Deer,  Fallow  Deer,  and 
Wild  Boar,  read  by  the  light  of  records  of  the  existence  of  the  Urus 
on  the  continent  at  that  time,  inclines  me  to  the  belief  that  they 
were  as  undoubtedly  wild  in  Britain  in  the  middle  of  the  12th  cen- 

tury as  the  wild  buR  hunted  by  Charlemagne  in  the  forest  of  Aix- 
la-Chapelle,  to  be  mentioned  subsequently.  That  the  Bison  is  not 
meant  is  rendered  almost  certain  by  the  absence  of  its  remains  from 
any  British  formation  posterior  to  the  Pleistocene  period.  The 
smaller  Bos  longifrons  may  perhaps  be  the  animal  meant  in  this 

passage.  Probably,  however,  the  tJrus  lived  in  Britain  to  Becket's 
time  in  a  wild  state,  modified  in  size  according  to  its  food  and  the 
extent  of  its  range,  that  of  the  Pleistocene  being  vastly  larger  than 
that  of  the  Prehistoric  times,  and  the  latter  than  those  few  survivors 
in  the  struggle  for  life  when  the  cultivated  lands  encroached  more 
and  more  on  their  feeding-grounds  and  the  dread  of  the  hunter  was 
upon  them.  The  half- wild  oxen  of  Chillingham  Park  in  Northum- 

berland, and  other  places  in  Northern  and  Central  Britain,  are  pro- 
bably the  last  surviving  representatives  of  the  gigantic  Urus  of  the 

Pleistocene  period,  reduced  in  size  and  modified  in  every  respect  by 
their  small  range  and  their  contact  with  man. 

On  the  mainland  of  Europe  Bos  urus  was  very  numerous  and  had 
a  very  extended  range,  both  in  Pleistocene  and  Prehistoric  and 
Historic  times ;  while  in  our  own  country,  insulated  from  the  con- 

*  TJndique  extra  domos  suburbanorum  horti  civiuiii  arboribus  consiti  spatiosi 
et  speciosi  contigui  habentur.  Item  a  borea  sunt  agri  pascuae,  et  pratorum 
grata  planities  aquis  fluvialibus  interfluis ;  ad  quas  molinarum  versatiles  rotse 
eitantur  cum  mm'mure  jocoso.  Proxime  patet  ingens  foresta  (not  forest,  but 
uncultivated  ground),  saltus  nemorosi,  ferarum  latebriE,  cervorum,  damarura, 
aprorum,  et  taurorum  sylvestrium.  (Vita  sancti  Tbomse,  auctore  Willelmo  filio 
Stepbani,  vol.  i.  p.  173).    8vo.    Edidit  E,  A.  Giles,  Oxonite. 
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tinent,  at  the  close  of  the  Pleistocene  it  was  exposed  to  exterminating 
causes  that  did  not  obtain  in  the  far  larger  and  wilder  area  of  the 

European  mainland ;  it  was  rare  in  the  two  latter  periods,  and  pro- 
bably became  extinct  as  a  wild  variety  several  centuries  before  the 

species  (or  variety)  on  the  continent  was  driven"  away  from  the 
Hercynian  Forest  and  the  banks  of  the  Danube.  In  Pleistocene  times 
it  wandered  in  vast  herds  over  Northern,  Central,  and  Western 
Europe,  and,  according  to  Bojanus,  over  Southern  llussia,  and,  in 
company  with  the  Woolly  Phinoceros  (li.  tichorimis)  and  the  Mam- 

moth, frequently  fell  a  prey  to  the  Cave-hyena  and  the  Cave-lion. 
In  the  Prehistoric  deposits  of  Prance,  Germany,  and  Scandinavia 
its  remains  are  very  abundant,  and  in  the  latter  district  prove  that 
it  was  far  more  numerous  than  the  contemporary  Bison. 

That  the  animal  was  hunted  at  this  early  date  in  Scania  is  proved 
by  the  discovery  by  Professor  Nilsson  of  a  skeleton  which  had  been 
pierced  with  a  javelin.  It  was  found  at  a  depth  of  10  feet,  at  the 

bottom  of  a  peat-bog,  and  "  lay  with  its  head  downwards ;  and  one 
of  its  horns  (horn-cores)  had  penetrated  deep  into  the  blue  clay 

which  formed  the  bottom  under  the  peat"*.  The  evidence  that  the 
animal  fell  by  the  hand  of  man  is  indeed  perfectly  incontrovertible. 

The  dwellers  on  the  Pile- works  of  the  Swiss  lakes  have  also  left 
numerous  remains  of  Bos  urus  among  the  bones  that  have  been  found 
surrounding  the  rotten  piles,  in  association  with  other  varieties  of 
oxen,  for  the  discussion  of  which  I  must  refer  to  the  works  of  Dr. 
Eiitimeyer,  of  Basle. 

In  Historic  times  the  animal  has  been  frequently  mentioned,  first 
by  Caesar,  as  a  dweller  in  the  Hercynian  Porest  along  with  the  Elk  and 
Bison.  Its  name  occurs  also  in  the  writings  of  Pliny,  Martial,  and 
Seneca,  in  passages  which  must  be  famihar  to  those  who  have  studied 
the  works  of  Professors  Mlsson  and  Owen,  and  of  Mr.  Henry  Woods, 
who  has  described  so  ably  the  ox-head  found  at  Melksham,  near  Bath  f. 
There  are,  however,  other  and  later  notices  of  the  animal  scattered 
through  the  records  of  Prance  and  Germany  from  the  6th  to  the 
12th  centuries,  that  have  not  as  yet  attracted  the  attention  they  merit 
in  this  country.  The  chronicler  of  the  life  of  St.  Karilef,  the 
founder  of  the  Abbey  of  St.  Calais,  happens  incidentally  to  mention 
an  interview  that  the  hermit  saint  had  with  Childebert,  the  son  of 
ClovisJ.  It  came  to  pass  in  this  way:  the  king  happened  to  be 
out  hunting  in  the  Province  of  Maine  abou.t  the  year  a.d.  540,  and 
having  started  a  fine  ox — rare  game  in  that  district- — he  chased  it 

with  his  dogs  right  into  the  hermit's  cell,  where  he  found  it  standing 
behind  his  back.  This  passage  proves  two  things — that  the  Bu- 
balus  or  Wild  Ox  occurred  sometimes  in  the  Province  of  Maine,  and 

*  Op.  cit.  p.  264.  t  Op.  cif. 
\  Erat  spectabile  Tidere  bubulum  qui  in  ea  proTinciti  difficile  est  inventu   

Invenimus  in  quodam  tugurio  hominem  nobis  cognitum   posttergum 

illius  adstantem  bubulum.     Unde  vobis,  O  incognita  personse !  tanta  presump- 
tionis  audacia,  ut  ausi  sitis   nostra;  venationis  dignitatem   mutilare  ? 

   (Vit.  S.  Karilefi,  c.  4,  14,  20.)     This  quotation  is  taken  from  '  Les 
Moines  d' Occident,'  par  le  Comte  de  Montalembert :  Paris,  8vo  (1860) :  vol.  ii. 
p.  362.    I  have  had  no  opportunity  of  verifying  it. 
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that  this  one  happened  to  be  tamed  by  the  hermit.  There  may  indeed 
be  a  doubt  as  to  whether  the  Bubalus  mentioned  here  be  actually  the 
Bos  urus ;  but  interpreted  by  the  light  of  what  we  know  in  other 
districts  respecting  the  hunting  of  Bos  urus,  I  think  that  probably 
it  was  the  animal  mentioned  in  this  passage  :  at  all  events,  the 
passage  is  worthy  of  note. 

In  the  *  Wars  of  Charlemagne,'  written  by  a  monk  of  St.  Gall,  a 
remarkable  anecdote  is  told  of  a  hunt  in  the  forest  near  Aix-la- 
Chapelle,  in  which  the  king  was  attacked  by  a  Bos  urus,  and  in 

which,  for  the  first  time  in  history,  "  hose  "  are  mentioned*.  "  On 
the  next  day  Charles,  very  tired  of  the  quiet  and  leisure,  prepares 
to  go  into  the  forest  to  hunt  (Bisontium  vel  Urorum)  Bisons  or  Uri, 
and  to  take  the  Persian  ambassadors  along  with  him,  who,  when 
they  saw  these  gigantic  animals,  struck  with  very  great  terror, 
took  to  their  heels ;  but  the  hero  Charles,  unmoved,  mounted  on  a 
very  swift  horse,  coming  up  close,  drew  his  sword  and  attempted  to 
cut  off  the  head  of  one  of  them.  But  when  he  missed  his  stroke,  the 
most  fierce  beast,  rending  his  sandals  and  gaiters,  and  grazing  his 
thigh  with  just  the  tip  of  its  horn,  made  him  a  little  more  cautious, 
and  then,  enraged  by  the  slight  wound,  took  refuge  in  a  most  safe 
retreat,  bristling  with  thickets  and  stones ;  and  when  all  his  suite, 
to  curry  favour  with  the  king,  wished  to  take  off  their  hose  (hossas 

suas  vellent  extrahere),  he  forbade  them,  saying,  '  In  this  phght  I 
must  go  to  Hildegarda  (one  of  his  wives).'  And  Isambardus,  the  son 

of  "Warinus,  the  persecutor  of  your  patron  Otmarus,  having  followed 
up  the  beast  when  he  dared  not  approach  nearer,  thrust  his  lance 
between  its  shoulder  and  throat,  pierced  its  heart,  and  presented  it, 
still  quivering,  to  the  king.  This  deed  he  pretended  not  to  notice ; 
and  leaving  the  dead  animal  to  his  companions,  he  returned  home, 
and  called  the  queen  (Hildegarda),  and  showed  her  his  torn  hose, 

and  said  to  her,  '  What  reward  is  he  worthy  of  who  has  delivered 
me  from  an  enemy  inflicting  these  things  upon  me  ? '  And  when  she 
answered,  '  Of  every  good,'  the  king  told  her  every  particular ;  and 
having  had  the  vast  (immanissimis  cornibus)  horns  brought  forward 
as  a  proof  that  he  was  telling  the  truth,  moved  the  queen  to  tears 

and  groans  and  beating  of  her  breasts."  .  .  . 
It  is  clear,  then,  that  at  this  time  (the  beginning  of  the  9th 

century)  Bisons  and  Uri  were  still  to  be  found  in  the  forests  near 
Aix-la-Chapelle.  The  description  of  the  horns  proves  that  the  ani- 

mal was  one  of  the  latter  species,  as  the  size  of  the  horns  of  the 
former  is  not  such  as  to  warrant  the  use  of  the  term  "  immanissima." 
In  the  remarkable  collection  of  MSS.  preserved  in  the  Abbey  of  St. 
Gall  is  one  by  Ekkehard  the  younger,  who  lived  from  a.d.  980  to  1036, 
and  composed  a  set  of  graces  for  the  use  of  the  monks,  in  which  we 
are  indebted  to  the  custom  of  returning  thanks  after  every  dish  for 
the  preservation  of  the  names  of  the  animals  they  atef.     Among 

*  Monachi  Sangallensis  Lib.  ii.  de  Eebus  Bellicis  Caroli  Magni.  Folio.  (Du 
Chesne.)     Chap.  xi. 

t  "Benedictiones  ad  mensasEkkehardi  Monaclii  Sangallensis,"  ArchreoL  Journ. 
vol.  xxi.  pp.  117-136.     "  D  extra  Dei  veri  comes  assit  carnibus  uri"  (p.  125). 
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the  wild  animals,  the  list  comprises  Bear,  Wild  Boar,  Red  Deer,  Eoe 
Deer,  Fallow  Deer,  Chamois,  Wild  Horse  {Equus  feralis),  the  Beaver 
(which  is  termed  a  fish,  and  therefore  eatable  on  fast-days),  the 
Bison,  and  the  Urus.  The  Bison  and  the  Urns,  then,  were  sufficiently 
abundant  in  the  wilds  of  Southern  Germany  and  Switzerland  at  the 
close  of  the  10th  century  to  be  used  as  an  article  of  food,  and  to  be 
deemed  worthy  of  a  special  grace  by  the  monks  of  that  day.  At  the 
close  of  the  next  century  (the  eleventh)  the  Urus  is  mentioned  along 
with  the  Elk  as  being  met  with  on  the  route  through  Germany  taken 

by  the  First  Crusade,  and  the  large  size  of  their  horns  is  noted*. 
Posterior  to  this,  in  the  12th  century,  in  the  "  Niebelungen-Lied," 
Tregfried  is  said  to  have  killed  one  Bison  and  four  Uri  in  the  neigh- 

bourhood of  Worms  (p.  3775-6).  For  four  centuries  after  this  no 
mention  is  made  of  the  animal ;  and  if  not  extinct  in  Germany,  it 

must  have  become  very  rare.  Gesner,  in  his  '  History  of  Animals,' 
published  at  Frankfort  in  the  year  1622,  gives  a  figure  of  the  Polish 

"Thur,"  which  corresponds  exactly  in  the  curvature  of  its  horns 
with  the  wild  Urus  of  Germany,  though  it  is  very  much  inferior  to 
the  latter  in  point  of  size.  The  wild  Urus,  therefore,  probably  lin- 

gered in  the  wilder  parts  of  continental  Europe  till  at  least  the  16th 
century;  and  having  first  of  all  sprung  into  being  in  Pleistocene 
times,  survived  the  larger  of  its  contemporaries,  and  is  indeed 
superior  in  point  of  bulk  to  any  of  the  Pleistocene  mammalia  that 
have  come  down  to  the  times  of  history.  In  Pleistocene,  as  I  have 
mentioned,  it  was  larger  than  in  Prehistoric  times,  and  in  the 
latter  than  when  it  was  last  met  with  in  Poland.  The  diminution 

in  size  is  probably  to  be  accounted  for  by  the  gradually  diminish- 
ing area  over  which  it  ranged.  The  area  in  Prehistoric  and  Historic 

days  was  gradually  lessened  by  the  hand  of  man  and  the  encroach- 
ment of  cultivation  on  its  old  haunts. 

6.  Relatioist  to  Domestic  Races. 

The  question  that  still  remains  to  be  discussed  is,  whether  or  not 
it  still  lives  in  any  of  the  domestic  races.  Professor  Nilsson  thinks 
that  the  larger  cattle  of  the  Netherlands  and  Holstein  have  sprung 
from  this  animal.  Baron  Cuvier  and  Professor  BeH  believe  that  the 

Urus  was,  in  part  at  least,  the  ancestor  of  our  domestic  breeds ; 
while  Professor  Owenf  thinks  that  the  tame  ox  of  Western  Europe 
was  probably  derived  from  the  already  domesticated  cattle  of  the 
Roman  colonists.  The  evidence,  on  the  whole,  inclines  me  to  the 
belief,  as  there  is  no  osteological  or  other  difference  saving  that 
of  size  between  the  Urus  and  the  domestic  race  of  cattle,  (to  pass 

over  the  notice  already  quoted  of  the  tame  "  bubalus "  being- 
hunted  into  the  hermit's  cell  in  Maine)  that  the  larger  cattle  of 
Western  Europe  at  least  are  the  descendants  of  the  former  animal, 
modified  in  many  respects  by  restricted  range,  but  still  more  by 
the  domination  of  man. 

*  "  Uris  cornua  sunt  immensse  concavitatis,  ex  quibus  ampla  satis  et  levia  pocula 
fiunt."  (Hist.  Gest.  Viae  Hierosolymitanee  a  Fulcone  quodam,  Lib.  i.  [Du 
Chesne,  Hist.  Franc.])  t  O^p.  cit.^.bQO. 
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2.  Farther  Documents  relating  to  the  Foemation  of  a  New  Island  in 
the  neighbourhood  of  the  Kaimeni  Islands,  By  Commander  Gr. 
Teton. 

(Communicated  by  the  Lords  Commissioners  of  the  Admiralty.) 

[An  abstract  of  this  communication  was  published  in  Quart.  Journ.  Geol.  Soc. 
No.  87,  p.  319,  by  order  of  the  Council.] 

3.  Note  on  the  Junction  of  the  Thanet  Sand  and  the  Chalk,  and  of 
the  Sandgate  Beds  and  Kentish  Eag.  By  Thomas  M*'Kenny 
Hughes,  B.A.,  F.Gr.S.,  of  the  Geological  Survey  of  Great  Britain. 

At  the  bottom  of  the  Thanet  Sand  there  is  always  a  bed  of  green- 
coated  flints  in  a  green  and  rust-brown  clayey  sand*. 

The  following  observations  have  led  me  to  infer  that  this  bed  is 
due  to  the  decomposition  of  the  top  of  the  Chalk  after  the  deposition 
of  the  Thanet  Sand  : — 

1.  The  flints  never  show  any  traces  of  having  been  rolled  or  worn 
by  the  action  of  water,  or  broken  up  and  weathered  by  any  subaerial 
agency,  but  are,  except  in  colour,  exactly  similar  to  those  in  place  in 
the  Chalk.    ' 

2.  No  fossils,  except  chalk  fossils  preserved  in  flint,  have  been 
found  in  it. 

3.  "Where  a  nearly  continuous  bed  of  flints,  or  a  large  tabular 
mass  of  flint  occurs,  the  base-bed  of  the  Thanet  Sand  seems  to  be 
arrested  by  it  in  a  manner  that  would  suggest  rather  the  chemical 
decomposition  than  the  mechanical  erosion  of  the  surrounding  chalk. 

4.  Where  masses  of  chalk  are  imbedded  in  the  base  of  the  Thanet 

Sand  they  appear  to  be  due  to  local  undermining  of  the  main  mass 
of  the  rock,  and  not  to  be  transported  fragments  rearranged  in  a 
hollow. 

Again,  to  look  at  the  question  from  another  point  of  view,  it  is 
highly  improbable  that  it  could  be  otherwise.  As  water  charged 
with  carbonic  acid,  soaking  through  the  Thanet  Sand,  reaches  the 
chalk  below,  it  must  decompose  the  surface  to  a  certain  extent ;  and 
if  the  water  can  pass  freely  away  so  that  new  supplies,  not  saturated 
with  carbonate  of  lime,  are  brought  to  act  upon  it,  that  decomposi- 

tion must  go  on  ad  infinitum. 

The  only  difl'erence,  therefore,  between  this  action  extending  over 
the  whole  surface  of  the  chalk  where  covered  by  Tertiary  or  later 
deposits  and  that  which  forms  pipes  is,  that  in  the  case  of  the  pipes 
the  water  is  collected  at  or  near  the  surface  into  small  streams; 
whereas  in  the  other  case  it  permeates  the  whole  of  the  deposit  over- 

lying the  chalk,  and  acts  more  equally  on  its  surface. 
There  are  cases  where  the  surface  of  the  chalk  does  not  appear  to 

have  suffered  any  great  amount  of  decomposition — as,  for  instance, 
north-west  of  Eainham,  in  Kent,  where  there  is  very  little  of  this 

'"'  For  further  description,  see  Prestwich,  Quart.  Journ.  Geol.  Soc.  vol.  viii. 
p.  243.     See  also  Wliitaker,  mfra,  p.  405. 
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green  bed  with  flints  at  the  base  of  the  Thanet  Sand.  The  junction 
may  be  seen  in  a  chalk-pit  in  the  brick-field  north  of  Moor  Street. 
But  there  are  local  circumstances  by  which  this  may  be  explained  : — 

1st.  There  is  a  bed  of  clay  in  the  Thanet  Sand,  as  may  be  seen  in 
the  road-cutting  leading  to  the  brick-field ;  and 

2nd.  There  is  other  evidence  of  a  line  of  upheaval  running  nearly 
east  and  west  through  this  part  of  the  district,  which,  in  conjunction 

with  the  bed  of  clay  above  mentioned,  would  have  the  eff'ect  of 
throwing  the  drainage  off"  to  the  north  and  south,  and  therefore 
partly  protecting  the  surface  of  the  chalk  here  from  the  action  of  the 
carbonated  water. 

Similar  reasoning  may  be  applied  to  explain  the  local  phenomena 
of  the  more  westerly  part  of  the  Tertiary  basin — as,  for  instance,  at 
Reading  and  Newbury,  where  the  surface  of  the  chalk  is  bored  by 
Lithodomi  to  a  considerable  depth.  Here  the  impervious  beds  of  clay 
in  the  overlying  Reading  series  have  probably  contributed  most  to- 

wards protecting  not  only  the  oysters  of  the  lowest  part  of  the  Ter- 
tiary beds,  but  also  the  surface  of  the  chalk  from  the  action  of  the 

carbonated  water.  It  is  known  that  the  clays  of  the  Woolwich  and 

Reading  series  allow  very  little  water  to  pass  through  them*. 
An  examination  of  the  junction  of  the  Sandgate  Beds  and  the 

Kentish  Rag  leads  to  a  similar  conclusion.  In  the  large  quarries  on 
the  north-west  of  Maidstone,  at  the  base  of  the  Sandgate  Beds,  there 
is  a  greensand,  generally  on  rubbly  Kentish  Rag.  The  thickness  of 
these  intermediate  beds  varies.  It  is  greater  in  hollows  and  depres- 

sions, where,  we  have  reason  to  believe,  a  larger  amount  of  the  Rag 
has  been  removed. 

In  the  brick-fields  close  to  the  town  of  Maidstone  the  brick-earth 
occurs  in  long  furrows  of  the  nature  of  pipes,  in  the  Kentish  Rag. 
The  whole  of  these  furrows  are  lined  with  greensand  and  rubbly  lime- 

stone, similar  to  that  found  at  the  base  of  the  Sandgate  Bedsf. 
Now,  unless  we  allow  that  the  greensand  has  been  derived  from 

the  decomposition  of  the  Rag  after  the  deposition  of  the  brick-earth, 
and  that  the  rubbly  limestone  below  it  is  the  same  in  process  of  de- 

composition, we  have  only  the  improbable  alternative  left  that  the 
irregular  denudation  which  removed  the  Sandgate  Beds  previously  to 
the  deposition  of  the  brick-earth  left  the  same  thin  bed  at  the  surface 
over  this  large  area. 

There  are  several  interesting  questions  raised  by  this  view  of  the 
origin  of  such  beds.  What  do  they  represent  ?  Do  they  represent 
the  periods  during  which  the  surface  of  the  limestone  has  been  above 
the  sea-level  ?  for,  except  in  some  peculiar  cases,  if  it  were  under 
the  sea,  and  the  water  on  its  surface  were  at  rest,  i.  e.  not  constantly 
renewed  by  fresh  infiltration,  it  would  soon  become  saturated  with 
carbonate  of  lime,  and  could  remove  no  more. 

How  much  limestone  has  been  removed  since  the  deposition  of  the 
overlying  beds  ?  The  thickness  of  the  beds  formed  of  its  insoluble 
remainder  is  not  a  fair  criterion ;  for,  in  the  case  of  the  chalk,  for 

*  See  Prestwick,  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  82,  footnote. 
t  See  Messrs.  Foster  and  Topley,  Quart.  Journ.  Greol.  Soc.  Tol.  xxi.  p,  443. 
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instance,  where  a  large  quantity  is  washed  and  run  in  troughs,  as  is 

frequently  necessary  in  the  cement- works  and  brick-fields  of  North 
Kent,  it  is  found  that  the  amount  of  sand  left  varies  considerably  in 
different  locahties.  At  the  cement- works  about  one  mile  and  a  haK 

south-west  of  Eochester  it  is  very  large ;  near  Sittiugbourne,  on  the 
other  hand,  it  is  comparatively  small.  (The  former  is  near  the  junc- 

tion of  the  Upper  and  Lower  Chalk,  the  latter  near  the  top  of  the 
highest  chalk  of  that  part  of  the  country.) 

Mr.  Prestwich*  has  speculated  on  the  origin  of  the  green  colour. 
I  would  add  one  note.  It  seems  to  occur  where  carbonate  of  lime 

has  been  dissolved.  We  find  it,  as  noticed  above,  on  the  decomposed 
surface  of  Kmestones  ;  and  where  lines  of  greensand  or  sandy  clay 
occur  in  the  Lower  Tertiaries,  there  we  most  often  find  casts  of  shells  f. 

The  chief  deduction  from  these  observations  is,  however,  general — • 
viz.,  that  we  cannot  safely  draw  any  conclusion  as  to  the  conformability 
or  unconformabihty  of  a  porous  formation  upon  a  limestone  from  an 

examination  of  the  line  of  junction  only,  since  that  may  be-  very 
much  modified  after  the  deposition  of  the  newer  formation. 

The  unconformity  may  be  inferred  from  other  evidence,  as,  for 
instance,  in  the  case  of  the  Thanet  Sand,  which,  it  is  well  known,  is 
not  the  direct  successor  of  the  highest  Cretaceous  strata  found  in 
England. 

4.  On  the  "  Lower  Loi^-don-  Teetiaeies  "  of  Kent.  By  William 
Whitaker,  Esq.,  B.A.  (Lend.),  E.G.S.,  of  the  Geological  Survey 
of  Great  Britain. 

[Plate  XXII.] 

Contents. 

1.  Introduction. 
2.  Thanet  Beds. 
3.  Woolwich  and  Reading  Beds. 
4.  Oldliaven  Beds, 
5.  General  relations  of  the  Divisions 

of  the  "Lower  London  Ter- 
tiaries "  to  one  another. 

Fossils. 
On  the  Outliers  of  Sand  on  the 
North  Downs,  which  have 
been  classed  with  the  Crag. 

Conclusion. 

Description  of  Plate  XXII. 

§  1.  Inteoductiox. 
The  follomng  paper  is  meant  to  give  some  of  the  results  of  the 
Geological  Survey  work  in  the  Tertiary  District  of  Kent,  and  to  lay 
before  the  Society  the  conclusions  to  which  that  work  has  led  me,  in 
order  that  they  may  receive  that  criticism  which  is  so  valuable  to 
every  observer. 

I  give  results  only,  so  as  not  to  burden  the  Society  with  a  descrip- 
tion of  sections,  which  would  be  out  of  place  here  for  two  reasons  : 

— first,  because  Mr.  Prestwich  has  already  described  the  chief  sec- 
tions of  the  district,  and  I  can  therefore  refer  to  his  well-known 

*  Quart.  Journ.  Gaol.  Soc.  vol.  x.  p.  244. 
t  Perhaps  the  carbonate  of  lime  neutrahzes  the  effect  of  the  acidulated  water, 

and  prevents  its  acting  on  the  silicate  of  iron. 
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papers*;  and  secondly,  because  a  detailed  account  of  all  of  them 
will  appear  in  future  Geological  Survey  Memoirs. 

It  is  also  needless  to  notice  earlier  authors,  as  Mr.  Prestwich  has 
giv.en  a  full  list  of  them. 

Although  the  Geological  Survey  of  the  district  in  question  is  not 
yet  finished,  still  so  little  is  left  undone  that  there  can  be  no  doubt 
as  to  the  general  correctness  of  the  observations  on  which  this  paper 
is  founded. 

It  should  be  stated  that,  although  the  whole  of  the  district  is 
known  to  me,  I  have  not  myself  surveyed  all  of  it,  Mr.  Hughes  being 
answerable  for  the  mapping  of  the  country  between  Eochester  and 
Faversham,  and  Mr.  Dawkins  for  some  part  of  the  neighbourhood  of 
Faversham.  All  the  rest  is  my  own  work,  the  unfinished  parts 
being  on  the  east  of  Eltham,  in  the  neighbourhood  of  Erith,  and 
around  CHfie  and  Halstow,  between  the  Thames  and  the  Medway. 

The  more  I  have  learnt  of  the  Tertiary  beds,  the  more  have  I  seen 

reason  to  agree  with  Mr.  Prestwich's  views ;  and,  indeed,  all  he  has 
left  to  do  is  the  filling-in  of  his  outlines,  the  addition  of  a  few  de- 

tails which  seem  to  have  escaped  his  notice,  and  a  change  in  nomen- 
clature in  a  matter  that  he  looked  on  as  doubtful ;  in  fact  I  only 

differ  from  Mr.  Prestwich  in  questions  on  which  he  has  spoken 
with  doubt. 

The  beds  between  the  London  Clay  and  the  Chalk,  of  which  this 
paper  treats,  are  of  far  greater  interest  in  Kent  than  elsewhere,  and 
for  these  reasons  : — 1,  that  they  are  there  most  fully  developed  ;  2, 
that  their  structure  is  there  more  complex  and  shows  more  change 
than  anywhere  else  ;  3,  that  there  are  many  fine  sections ;  and,  4, 
that  they  are  almost  without  fossils  in  all  other  districts.  These 

beds  might  indeed  be  well  called  "  the  Kentish  Tertiaries." 

§  2.  Thanet  Beds. 

The  indefinite  word  "  Beds  "  seems  to  me  better  than  the  more 

definite  "  Sands  "  or  "  Clays,"  as  it  is  somewhat  uncommon  for  a 
formation  to  have  everywhere  the  same  lithological  composition; 
and  I  have  therefore  used  the  above  name  rather  than  that  of 

"Thanet  Sands." 

(«)t  At  the  base  of  this  set  of  beds,  and  resting  at  once  on  the 
Chalk,  there  is  always  a  clayey  greensand,  with  unworn  green-coated 

flints  at  the  bottom  ;  to  this  the  name  of  the  "  Base-bed  "  may  be 
given.  Mr.  Prestwich  has  called  the  like  part  of  the  London  Clay 
the  "  basement-bed" +;  and  I  have  named  that  of  the  Woolwich 
and  Eeading  Series  the  "  bottom-bed  "§.  By  using  a  different 
name  for  each  of  these  marked  layers,  one  is  saved  the  repetition  of 
the  names  of  the  formations  to  which  they  belong. 

This  is  the  only  part  of  the  series  which  is  constantly  present, 

*  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  252 ;  vol.  viii.  p.  235 ;  and  vol.  x.  p.  75. 
t  The  letters  a,  b,  a,  j3,  &e.,and  the  numerals  1, 2,  &c.,  refer  to  those  by  which 

the  several  beds  are  distinguished  in  the  sections  in  PI.  XXII. 
t  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  255  (1850), 
§  Oeol.  Survey  Mem.  on  Sheet  13,  p.  23  (1861). 
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although,  it  is  the  thinnest,  being  often  but  two  or  three  feet 
thick,  and  seldom  more  than  five.  For  this  reason,  and  from 

the  fact  that  the  green-coated  flints  are  unworn,  the  question 
has  occurred  whether  it  may  not  have  been  formed,  in  some 
measure,  after  the  deposition  of  the  beds  above,  by  the  slow  ac- 

tion of  water  flowing  through  the  overlying  sand,  &c.,  to  the  Chalk, 
dissolving  away  the  latter  and  depositing  clayey  matter,  salts  of 

iron  (the  green  colouring-matter),  and  sometimes  allophane.  The 
occurrence  of  the  last  mineral  at  the  junction  of  the  Thanet  Beds 

and  the  Chalk  has  been  recorded  by  Prof.  Morris*,  who  says  that 
'•  it  must  have  been  deposited  from  a  fluid  or  viscid  state,  not  only 
after  the  denudation  of  the  Chalk  and  the  deposit  of  the  partially 
abraded  (?)  flints,  which  are  coated  with  it,  and  after  the  accumula- 

tion of  the  Thanet  Sand,  but  subsequently  to  the  disturbance  of  the 
whole  series,  whereby  the  fissures  in  the  Chalk  were  formed,  and  in 

which  the  allophane  is  now  found."  I  have  since  found  it  at  the 
same  junction  at  Chiselhurst  and  Paversham  ;  and  I  believe  that  it 
occurs  at  the  bottom  of  the  Eeading  Beds  at  Xorthaw,  where  they 
rest  on  the  Chalkf. 

Mr.  Prestwich  has  noted  '•'  the  constant  occurrence  "  of  the  green- 
coated  flints  at  the  bottom  of  the  Thanet  Beds,  ''just  as  they  occur 
in  the  underlying  Chalk,  from  which  in  fact  they  appear  to  have 

(been)  removed  comparatively  without  wear  or  fracture,"  but  has 
inferred  that  a  "powerful  but  transient  action"  must  have  been 
needed  "to  uproot  these  flints  from  the  Chalk  "J. 

It  is  remarkable  that,  whatever  rests  on  the  Chalk,  there  should 
nearly  always  be  unworn  flints  at  the  junction  :  thus  in  the  western 
part  of  the  London  Basin  there  are  flints  at  the  bottom  of  the  Read- 

ing Beds  ;  andin  tbe  many  places  where  the  Chalk  is  hidden  by  the 
irregular  deposit  of  brick-earth  so  common  in  Wiltshire,  Berkshire, 
Oxfordshire,  &c.,  the  two  are  separated  by  the  peculiar  "  clay  with 
flints,"  as  I  have  called  it§,  the  origin  of  which  my  Mend  Mr. 
Codrington,  F.G.S.,  and  myself  have,  independently,  referred  to  the 
slow  dissolving  away  of  the  Chalk  by  water [j.  I  think  it  not  un- 

likelj'  that  the  "  argile  a  silex  "^  of  the  French  geologists  (or  some 
part  of  it)  is  the  same  as  our  clay--with-flints,  in  which  case,  strange 
to  say,  the  same  name  will  have  been  given  to  the  deposit  in  two 

countries  and  languages.  Prof.  Hebert's  description  of  the  former 
in  France  **  would  in  great  part  serve  equally  well  for  the  latter  in 
England. 

I  have  before  noticed  thp  remarkable  conformity  between  the 

-I 
' 

.. .'  i .  . 

■^  Quart.  Joui'ii.  aeol.  Soc.  v    .  xiii.  p.  13  (1857). 
t  G-eol.  Siu'vey  Mem.  on  Sheet  7,  p.  30  (1864).  It  was  noticed  before  by  Mr. 

Prestwich  as  '•  hydrate  of  alumina : "  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  123  (1854). 
t  Quart.  Journ.  Greol.  Soc.  vol.  riii.  pp.  243,  253. 
§  Greol.  Smwey  Mem.  on  Sheet  13,  p.  54. 
i|  Magazine  of  the  Wilts.  Ai-cha-ol.  and  Nat.  Hist.  Soc.  vol.  ix.  p.  167  (1865), 

and  Geol.  Survey  Mem.  on  Sheet  7,  p.  64  (1864). 

^  I  have  lately  (July)  seen  some  of  the  "  argile  a  silex  "  on  the  coast  of 
Normandy,  where  it  is  exactly  like  the  clay  so  common  on  our  own  Chalk. 

**  BuU.  Soc.  Geol.  France,  2^  serie,  t.  xix.  p.  445  (1862),  and  t.  xxi.  p.  58  (1864). 
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Thanet  Beds  and  the  Chalk  in  East  Kent*.  Is  it  not  possible  that 
this  also  may  be  owing,  to  some  extent,  to  the  infiltration  of  waiter 
along  the  line  of  jnnction,  and  that  the  dissolving  away  of  the  chalk 
by  the  water  may  have  been  stopped,  or  regulated,  by  the  continuous 
bed  of  flint  which  there  occurs  directly  below  the  base-bed  ?  I  do 
not  mean  to  say  that  this  can  have  taken  place  since  the  elevation 
of  the  country  to  its  present  position,  but  would  suggest  that  such 
an  action  would  not  be  impossible  when  the  beds  in  question  were 
many  hundreds  of  feet  lower,  and  therefore  saturated  with  water 
throughout,  and  subjected  to  great  pressure  from  overlying  materials. 
Should  this  be  true,  it  will  be  a  case  of  the  same  action  causing 
exactly  opposite  results  under  different  conditions ;  the  infiltration 
of  water  through  the  Tertiary  beds  to  the  Chalk  now  (when  com- 

paratively small)  causes  unevenness  (pipes)  at  the  junction,  at  least 
where  that  junction  is  near  the  surface,  whilst  it  may  have  caused 
evenness  when  of  far  greater  extent  and  when  the  junction  was  at 
a  great  depth. 

Since  the  above  was  written,  I  have  found  that  my  coUeague  Mr. 
Hughes  has  come  to  a  more  decided  opinion  as  to  the  formation  of 
the  bed  of  green-coated  flints  after  the  deposition  of  the  Thanet  Beds, 
and  that  he  has  gone  into  the  question  in  greater  detail  than  I  have, 
as  may  be  seen  from  his  paper  (p.  402). 

Mr.  Codrington,  in  the  essay  before  noticed,  has  come  to  the  con- 
clusion "  that  the  origin  of  the  clay-with-flints  is  to  be  ascribed  to 

the  gradual  dissolving  away  of  the  chalk-with-flints  under  a  capping 

of  drift  hricIc-eartJi"  " 
Just  after  this  paper  was  read,  Mr.  Dowker  published  a  note  on 

the  junction  of  the  Thanet  Beds  and  the  Chalk  f,  in  which  he  sug- 
gests that  the  bed  of  green-coated  flints  may  be  the  result  of  the 

subaerial  dissolution  of  the  Chalk  before  the  deposition  of  the  Thanet 
Beds.  I  can  hardly  agree  with  this  view,  but  look  with  more 

favour  on  my  friend's  idea,  that  the  tabular  layer  of  flint  at  the  top 
of  the  Chalk  may  have  been  formed  after *the  deposition  of  the  over- 

lying beds,  and  the  more  so  as  he  has  in  his  collection  a  specimen  of 

a  green-coated  flint  partly  enveloped  in  a  piece  of  the  whitey-brown 
tabular  bed.  The  same  idea  occurred  also  to  Mr.  J.  Evans,  E.R.S., 

who  spoke  to  me  (before  the  publication  of  Mr.  Dowker's  note)  of 
the  possibility  of  the  layer  in  question  having  been  thus  formed. 
This  flint-layer  occurs  further  west  than  is  stated  in  my  former 
paper,  and  may  be  seen  at  Grays  and  Purfleet. 

Mr.  Prestwich  has  inferred  that  the  layer  of  unworn  green-coated 

flints,  which  nearly  everywhere  rests  on  t'  e  top  of  the  Chalk  where 
it  is  covered  by  Tertiary  formations,  is  e\  ..jLywhere  of  the  same  ^get. 
This  may  be  the  case ;  but  it  is  remarkable  that  where  the  Thanet 
Beds  are  present,  the  Chalk  never  (as  far  as  I  know)  shows  those 
holes  of  boring  mollusks  so  common  where  the  Beading  Beds  he 

directly  on  it,  and  the  occurrence  of  which  at  Kembridge,  jS"ewbury, 
*  Quart.  Journ,  Geol.  Soc.  vol.  xxi.  p.  397. 
t  G-eol.  Mag.  for  May  1866,  vol.  iii.  pp.  210,  239. 
X  Quart.  Journ.  Geol.  Soc.  vol.  viii.  pp.  241,  252,  253, 
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and  Reading  has  been  described  by  Mr.  Prestwich*,  near  Pinner 
by  my  colleague  the  late  Mr.  Trench,  and  near  Reading,  Amersham, 
Chesham,  and  Maidenhead  by  myself  f. 

(6)  This  bed,  which  consists  of  alternations  of  brown  clay  and 
loam,  is  local,  occurring  only,  I  believe,  east  of  Paversham.  It  may 
be  seen  at  Pegwell  Bay,  where  it  is  separated  from  the  Chalk  by 
little  more  than  a  foot  of  the  base-bed.  No  fossils  have  been  foand 
in  it. 

This  is  mostly  overlain  by,  and  passes  up  into,  the  sandy  marl  {d), 
although  another  bed  sometimes  occurs  between. 

(c)  In  the  railway-cutting  close  to  Bekesbourne  Station,  east  of 
Canterbury,  there  is  a  little  sand  below  the  sandy  marl  (d),  in  which 
the  greater  part  of  the  cutting  is  made ;  and  this  I  take  to  be  the 
same  as  the  Thanet  Sand  of  London  and  the  western  part  of  Kent. 
The  only  other  place  in  that  neighbourhood  where  I  saw  anything 
of  it  was  at  Selling. 

This  fine  light-buff,  sand  thickens  westward,  and  near  Sitting- 
bourne  forms  a  considerable  part  of  the  Thanet  Beds.  Further  west 
it  gets  still  thicker,  at  the  expense  of  the  beds  above,  until,  on  the 

other  side  of  the  Medway,  it  rep^'.aces  tbem  altogether,  and  takes  up 
the  whole  of  the  space  between  the  Woolwich  Beds  and  the  base-bed, 
some  60  or  70  feet.  It  thins  slightly  to  the  neighbourhood  of 
Woolwich,  and  then  rather  more  rapidly  until  it  dies  out  west  of 
London. 

No  fossils,  excepting  some  casts  oiPholadomya  at  Erith  (recorded  by 
Mr.  Prestwich),  have  been  found  in  this  bed,  which  is  fairly  uniform 
throughout  its  range.  At  Charlton  and  elsewhere  its  lower  part  is 

more  clayey,  and  it  passes  down  into  the  base-bed. 

(d)  Near  and  east  of.  Canterbury  a  grey  sandy  marl  is  the  most 
marked  member  of  the  Thanet  Beds.  It  is  often  rather  hard,  con- 

tains green  grains,  and  is  of  a  slate-grey  colour,  which  weathers  to 
a  sort  of  brownish-yellow  by  exposure,  the  division  between  the 
two  colours  being  sometimes  sharp  enough  to  mislead  one  into 
thinking  that  there  are  \;Wo  distinct  beds. 

It  often  abounds  in  fossils ;  and  from  it  have  come  most  of  the 
rarer  specimens  in  the  collections  of  my  East  Kent  friends,  such  as 
the  parts  of  Crustacea,  a  few  Echinoids,  the  Turritella,  a  Solarium, 
ard  other  small  univalves,  besides  many  remarkable  distorted  speci- 

mens of  Gyprina  Morrisii  and  P^ioladomya  cuneata.  In  the  dis- 
coloured exposed  parts  the  fossils  are  nearly  all  casts,  the  shell 

having  been  dissolved  away ;  whilst  in  the  less  exposed  part  the 
shells  remain,  but  are  very  fragile. 

This  division  may  be  much  thicker  in  some  places  than  is  shown 

in  the  section  (Plate  XXII.) ;  for  Mr.  Dowker  found  93  feet  of  ''  blue 

*  Quart.  Joiirn.  Geol.  Soc.  vol.  x.  pp.  82,  87,  88,  116. 
t  aeol.  ISurvey  Meni.  on  ̂ heet  7,  pp.  29, 37,  39,  44 ;  and  on  Sheet  13,  pp.  29, 

37-39. 
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clay  "  above  the  base-bed  in  sinking  a  well  at  Stourmouth,  nearly 
the  whole  of  which  must  beiong  to  cl*. 

This  marl  is  more  sandy  towards  the  top^  and  passes  up  into 
the  next  division. 

(e)  The  uppermost  part  of  the  Thanet  Beds  consists  of  a  fine  sharp 
light-grey  sand,  of  a  slightly  greenish  tinge,  often  ironshot,  and  here 
and  there  with  layers  of  calcareous  sandstone,  as  at  the  Eeculvers 
and  Pegwell  Bay. 

It  contains  fossils,  which  near  Faversham  are  sometimes  silicified, 
as  Mr.  Prestwich  has  observed,  though  with  some  doubt  whether 
the  bed  which  contained  them  belonged  to  this  or  to  the  overlying 
series f.  Mr.  Dowker  has  a  large  and  well-preserved  silicified  core 
from  a  pit  in  this  sand  at  Canterbury ;  it  is  hke  that  figured  by 
Lindley  and  Hutton  J,  which  must  have  come  from  this  formation 
or  from  the  Woolwich  Beds,  though  described  (by  some  mistake)  as 

from  "  green  sand "  near  Deal.  Mr.  John  Goodchild,  of  Sitting- 
bourne,  has  lately  found  some  Crustacean  remains  and  distorted 
Cyprince  and  Plioladomyce  in  the  brickyards  close  to  that  town ; 
these,  however,  must  have  come,  I  think,  from  low  down  in  the 
sand,  where  it  passes  into  the  marl  below. 

From  a  thickness  of  30  or  40  feet  near  Canterbury,  this  decreases 
westward  and  thins  out  before  we  reach  Rochester. 

§  3.  Wo?)LWicH  AND  Eeading  Beds. 

(1)  The  **  bottom  bed  "  does  not  occur  in  the  most  eastern  part 
of  the  Kentish  Tertiary  district ;  and  consequently  it  is  there  very 
difficult  to  divide  the  sands  of  this  series  from  those  of  the  under- 

lying Thanet  Beds. 

At  the  mouth  of  the  tunnel  on  the  'Whitstable  Eailway  at  Can- 
terbury, the  lowermost  part  of  the  Woolwich  sand  is  rather  clayey 

and  green,  contains  a  few  pebbles,  and  is  more  regularly  bedded 
than  the  higher  parts ;  and  this  is  all  that  I  have  seen  to  represent 
the  bottom  bed  in  the  neighbourhood.  At  Sittingbourne,  however, 
there  is  a  foot  or  more  of  pebbly  green  sand,  and  at  TJpnor  rather  less 
of  the  same.  Wes;:wardthis  thickens,  and  from  Erith  to  London 
the  bed  consists  of  from  3  or  4  to  15  or  more  feet  of  a  rather  b -ight- 
green  sand,  with  flint-pebbles,  both  in  la>  ers  and  scattered. 

West  of  London,  where  the  Reading  Beds  rest  on  the  Chalk,  the 
structure  changes,  ardinstecd  of  the  pebbly  light-green  sand,  with 
no  fossils  but  the  teeth  of  Lamnm  and  sometirres  an  Ostre%,  there 

are  grey  laminated  clays,  with  green  grains  and  here  ard  there 

casts  of  shells §,  and  dark  clayey  greensand,  with  unworn  green- 
coated  flints. 

(2)  Near  Canterbury  the  Woolwich  Beds  consist  almost  wholly 

^  The  Geologist,  vol.  iv.  p.  213  (1861). 
t  Quart.  Journ,  Geol.  Soc.  vol.  viii.  p.  246,  and  vol.  x.  p.  109. 
t  The  Fossil  Flora  of  Great  Britain,  vol.  ii,  pi.  125. 
§  Geol.  Survey  Mem.  on  Sheet  13,  p.  24. 

2  F  2 
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of  a  pale-grey  sand,  often  of  a  yellowish  or  greenish  tint,  much 
false-bedded  and  rather  coarse,  whilst  the  underlying  sand  of  the 
Thanet  Beds  is  fine  and  not  false-bedded.  Eastwards,  however, 
the  sand  of  the  former  gets  fine  and  loses  its  false- bedding,  for 
which  reasons,  and  from  the  absence  of  the  pebbly  bottom  bed,  it  is 
almost  impossible  to  divide  the  two ;  indeed  no  one  would  think  of 
doing  so  from  an  examination  of  that  district  alone ;  it  is  only  be- 

cause they  are  sharply  separated  on  the  west  that  one  is  forced  to 
try  to  divide  them  in  the  far  east. 

The  "  Corbula-bed "  of  the  coast  west  of  the  E^culvers  and  of 
the  Eichborough  section  is  near  the  bottom  of  this  division.  It  is 

this  Corbula-bed  which  has  yielded  the  fossils  (except  some  teeth  of 
Lamnce)  that  have  been  found  in  the  Woolwich  Beds  in  the  eastern 
part  of  Xent,  and  nearly  aU.  of  which  are  sihcified.  They  are 
marine,  except  a  specimen  of  Cyrena  cuneiformis,  which  Mr.  Dowker 

found  at  "Woodnesborough,  near  Sandwich. 
2  a  is  a,  bed  of  flint-pebbles  in  greenish  loam,  which  overlies  the 

bettom-bed  just  west  of  St.  Mary's  Cray  and  at  Loam  Pit  HiU, Levrisham. 

2  6  is  a  mottled  clay  (green,  red,  &:c.),  sometimes  like  the  plastic 

clays  of  the  west,  as  in  the  railwa^'-cutting  at  Eltham,  and  some- 
times sandy,  as  on  the  hills  near  Cobham.  In  the  latter  district  I 

have  seen  beneath  it  (in  a  lane-section)  a  light -green  sand  (Section 
8,  PL  XXII.),  which  may  belong  to  2,  bu^  on  the  other  hand,  may 
be  the  bottom-bed. 

It  will  be  seen  that  2,  2  a,  and  2  b  all  occur  in  the  same  position  ; 

that  is  to  say,  they  each  fill  up  the  space  between  the  bottom -bed  (1) 
and  the  estuarine  sheU-beds  (4)  [not  taking  into  account  the  thin 
bed  (3)] ;  and  as  we  cannot  be  sure  that  we  ever  see  any  two  of 
them  together,  it  is  therefore  not  unlikely  that  they  simply  replace 
one  another ;  but  as  I  cannot  be  sure  of  it,  I  have  thought  it  better 

to  give  each  a  separate  index-mark. 
2  h  thickens  under  London  into  the  mass  of  mottled  plastic  clays 

and  sands  which  have  been  found  beneath  the  shell-beds  in  many 
weUs*  (Section  4,  PI.  XXII.),  and  further  west  joins  the  other  like 
mass  which  comes  on  above  the  shell-beds. 

(3)  This  bed,  though  very  thin,  often  indeed  no  more  than  three 
inches  thick,  is  of  some  importance  theoretically,  as  from  its  con- 

stancy it  shows  the  amount  of  denudation  which  the  Woolwich  Beds 
of  East  Kent  had  suffered  before  the  deposition  of  the  Oldhaven 
Beds.  In  that  part  of  the  county  it  is  a  pale  purple-grey  sand, 
often  hardened  into  smaU  lumps  of  sandstone,  which,  as  Mr.  Prest- 
wich  has  noticed,  sometimes  show  traces  of  the  holes  of  boring 
mollusksf.  In  the  neighbourhood  of  Canterbury  the  Oldhaven 
Series  comes  on  at  once  above  this  bed ;  and  therefore  either  none  of 
the  higher  parts  of  the  Woolwich  Series  ever  existed  here,  or  they 
have  been  worn  away  before  the  deposition  of  the  Oldhaven  Beds ; 

*  See  Prestwich  in  Quart.  Joum.  Geol.  Soc.  vol.  x.  pp.  142,  143;  148-150. 
t  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  110, 
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and  it  is  remarkable  that  this  denudation  is  quite  even,  the  thin  bed 
of  purple  sand  or  sandstone  nearly  always  occurring  at  the  junction. 
In  West  Kent,  on  the  other  hand,  tite  denudation  has  been  uneven, 
and  the  Oldhaven  Beds  rest  on  various  parts  of  the  underlying 
series. 

I  have  not  seen  this  bed  for  some  way  westward  from  Shottenden 

and  Boughton-under-Blean,  and  near  Sittingbourne  the  junction  of 
the  Oldhaven  and  the  Woolwich  Beds  is  more  irregular.  At  Upnor, 
however,  there  is  some  sand,  whitish  at  top  and  purplish  below, 
dividing  the  shell-beds  (4)  from  the  sands  (2) ;  and  this,  I  have  no 
doubt,  is  the  same  as  the  like  bed  at  the  top  of  2,  near  Canterbury. 
It  occurs  also  near  Cobham  (Section  8,  PI.  XXII.),  and  is  very  likely 

represented  near  Woolwich  by  the  "  layer  of  hard  concretionary 
limestone"  which  sometimes  underlies  the  shell-bed*,  and  by  the 
clay  with  calcareous  concretions  in  the  same  position  at  Loam  Pit 
HiU,  Lewisham. 

(4)  The  most  easterly  place  at  which  the  well-known  Woolwich 
clay  with  Cyrence,  Melcmice,  and  other  cstuarine  shells  has  been  seen 
is  Sittingbourne,  where,  however,  there  is  no  clear  section  of  it. 
These  clays,  which  are  of  a  dark  colour,  laminated,  with  the  shells 
in  the  lines  of  bedding,  mostly  stiff,  but  sometimes  sandy,  thicken 
westward  and  are  well  shown  at  the  great  Upnor  section,  where 
they  are  about  6  feet  thick,  and  partly  without  shells.  Hence  to 
London  they  are  generally  rather  thicker,  but  near  Abbey  Wood  are 
sometimes  cut  off  altogether  by  the  Oldhaven  beds  (see  section  7, 
PL  XXII.)  They  reach  their  greatest  thickness  just  south  of  Chisel- 
hurst,  where  more  than  20  feet  of  them  was  shown  in  the  cutting 
on  the  London,  Chatham,  and  Dover  Railway.  West  of  London  this 
bed  soon  thins  out  again.  In  the  neighbourhood  of  Woolwich  the 
sand  below  sometimes  contains  like  shells,  and  may  be  a  distinct  bed, 
coming  in  between  those  numbered  2  and  the  clay  shell-bed; 
though,  on  the  other  hand,  it  may  be  simply  2  in  another  condi- 

tion. Perhaps,  too,  there  is  sometimes  another  and  higher  set  of  clay 
shell-beds,  divided  from  4  by  sand  or  clay  t ;  but  this  is  a  matter 
of  detail,  here  of  no  importance,  and  in  the  list  of  fossils  any  upper 
set  of  shell-beds  is  included  under  No.  4. 

(5)  At  Sittingbourne  there  is,  next  below  the  Oldhaven  Beds,  a 
light- coloured  sand  with  Cyrence,  Melanice,  Ostrece,  &c.,  which  must 
thin  out  eastward,  as  it  occurs  nowhere  in  the  Canterbury  district ; 
whilst  westward  it  is  thicker,  as  may  be  seen  at  Upnor.  Further 
west,  however,  it  has  suffered  more  from  denudation,  and  is  some- 

times quite  cut  off  by  the  pebble-beds  of  the  Oldhaven  Series. 
In  the  neighbourhood  of  Lewisham  the  top  part  of  the  Woolwich 

Beds  consists  of  mary  feet  of  alternations  of  sand  and  clay,  the 

*  Prestwich,  Quart.  Journ.  Geol.  Soc.  vol.  x.  p.  103. 
t  At  the  cliff-section  on  the  Prench  coast  westward  of  Dieppe  there  are  two 

masses  of  the  clay  shell-heds,  separated  by  clay ;  and  the  cliff  at  Newhaven,  in 
Sussex,  shows  a  great  thickness  of  the  same  divided  into  two  by  unfossiliferous 
sand  and  clay. 
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lower  part  of  wMch  is  generally  the  more  clayey ;  this  bed  has  been 

well  named  "  striped  sand  and  loam  "  by  the  Eev.  H.  M.  De  la  Con- 
damine*.  As  it  is  in  the  same  position  as  bed  5  further  east,  I 
have  classed  them  together,  though  possibly  they  may  not  be  the 
same. 

Under  London  this  part  of  the  Woolwich  Beds  seems  to  be  often 
absent.     (See  Section  4,  PI.  XXII.) 

(5  b)  Many  of  the  London  weUst  have  shown  that  a  mass  of  mot- 
tied  plastic  clays  and  sand,  of  the  same  nature  as  bed  2  h,  comes  on 

above  the  clayj^shell-beds.  This,  therefore,  may  represent  5 ;  al- 
though, on  the  other  hand,  it  may  be  a  separate  bed,  and  I  have 

therefore  given  it  a  separate  index-mark. 
West  of  London  2  h  and  5  h  come  together,  the  beds  between  hav- 

ing thinned  out,  and  form  the  well-known  plastic  clays  and  sands  of 
Reading,  &c.,  where  there  is  nothing  but  these  and  the  thin  bottom- 
bed  between  the  London  Clay  and  the  Chalk. 

§  4.  Oldhaven  Beds. 

Up  to  this  point  my  nomenclature  has  followed  that  of  Mr.  Prest- 
wich  ;  but  with  regard  to  the  sands  and  pebble-beds  next  below  the 
London  Clay  in  a  great  part  of  Kent^  I  am  obliged  to  differ  from 
him — the  difference,  however,  being  not  as  to  the  position  of  the 
beds,  but  only  as  to  their  relation  to  those  above  and  below  and  as 
to  what  they  should  be  called. 

Mr.  Prestwich  has,  though  with  some  doubt,  classed  the  greater 

part  of  the  pebble-beds  of  Blackheath,  (fee,  and  the  uppermost  sands 
of  Upnor  and  the  Reculvers  with  his  "  basement-bed  of  the  London 
Clay,"  taking  them  to  represent  the  pebbly  loam  which  occurs  at  the 
bottom  of  that  formation  on  the  west  J.  To  this  I  objected  in  a 
paper  read  before  this  Society  about  four  years  ago  §,  as  the  layer  of 
pebbles  in  clay  which  on  the  sou;;h-east  of  London  occurs  at  the  bot- 

tom of  the  London  Clay,  and  is  the"*:efore  its  basement-bed,  overlies 
the  thicker  sandy  pebble-beds.  Moreo  zer  in  some  places  the  two  are 
separated  by  a  layer  of  sand. 

I  thought  therefore  that  the  sandy  pebble-beds  should  be  classed 
rather  with  the  Woolwich  Series,  and  inferred  that  the  highest  sands 
of  Upnor,  &c.,  would  follow  the  same  classification.  Since  then, 
however,  I  have  had  the  means  of  learning  much  more  of  the  "  Lower 
Lor  don  Tertiaries,"  and  am  bound  to  say  that  the  knowledge  thus 
gained  has  led  me  to  a  greater  agreement  with  the  views  of  Mr. 
Prestwich,  as  I  took  the  first  chance  of  stating  ||,  and  to  acknow- 

ledge that  the  classing  of  these  sands  and  pebble-beds  with  tho 

^^  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  441. 
t  Prestwich,  Quart.  Jom-n.  Geol.  Soc.  vol.  x.  pp.  76,  142-144,  148-151. 
J  Quart.  Journ.  Geol.  Soc.  vol.  vi.  pp.  254,  255, 261-265,  and  vol.  x.  pp.  105- 

107,  110,  111,  330  (note), 

§  3id.  vol.  xviii.  pp.  267-268.  The  section  at  Bicklev  was  reopened  after 
my  paper  was  published,  in  order  to  get  ballast  for  the  railway. 

II  Geol.  Survey  Mem.  on  sheet  7,  p.  24.  See  also  a  short  account  of  the  Ter- 
tiary Beds  of  Kent  in  the  Geologist,  vol.  vii.  p.  57  (1863). 
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Woolwich  Series  in  that  paper  was  in  some  measure  a  step  back- 
wards. This  was  owing  to  my  want  of  the  detailed  knowledge  of 

the  subject  which  I  have  since  been  enabled  to  get,  and  partly  to  a 

misunderstanding  of  Mr.  Prestwich's  writings,  caused  by  the  sense 
in  which  he  has  used  the  term  "  basement-bed."  This  is  the  right 
place  to  correct  my  statement  that  in  the  railway-cutting  north  of 
Sittingbourne  there  w-as  "  nothing  like  the  usual  basement-bed  to  be 
seen."  I  first  saw  that  section  during  a  sharp  frost  and  after  snow, 
when,  of  course,  it  was  neither  easy  nor  pleasant  to  make  a  very  care- 

ful examination,  but  have  since  been  there  under  more  favoura;ble 

circumstances,  in  the  company  of  my  colleag-ue  Mr.  Hughes,  who 
mapped  that  neighbourhood ;  and  we  then  found  that  the  lowermost 
foot  or  so  of  the  London  Clay  was  often  rather  sandy,  and  contained 
a  few  pebbles,  some  teeth  of  Lamna,  and  a  little  clayey  greensand — ■ 
that  is  to  say,  that  it  had  the  characters  of  the  basement-bed  in 
Berkshire,  &c.  The  like  thing  occurs  at  the  cliff-section  west  of  the 
Reculvers,  and  at  some  other  places,  as  Mr.  Prestwich  has  noticed. 

In  the  neighbourhood  of  Woolwich,  Mr.  Prestwich  has  classed 
part  of  the  pebble-beds  with  the  Woolwich  Series,  and  part  with  his 
basement-bed;  but  such  a  division  seems  to  me  rather  arbitrary, 
and  it  would  be  impossible  to  map  it.  I  have  been  led  rather  to 
look  on  the  whole  as  one  thing,  and  to  separate  the  pebble-beds  from 
the  Woolwich  Series,  on  which  they  so  often  rest  unconformably. 

It  will  be  seen  therefore  that,  whilst  holding  to  my  opinion  that 
the  pebble-beds  and  the  uppermost  sands  do  not  belong  to  the  base- 

ment-bed, I  now  think  (with  Mr.  Prestwich  in  great  measure)  that 
they  do  not  belong  to  the  Woolwich  Series — or,  in  other  words,  that 
they  are  a  separate  series,  to  which,  of  course,  some  name  must  be 

given.  That  of  "  Oldhaven  Beds  "  is  a  good  one,  and  for  two  rea- 
sons,— ^first  because  they  are  well  shown  at  "  Oldhaven  Gap  "  on  the 

coast  west  of  the  E-eculvers,  and  secondly  because  it  is  not  an  ugly 
npme — a  thing  that  might  perhaps  be  thought  more  of  in  geological 
nomenclature  with  some  advantage. 

In  thus  separating  these  beds  from  those  above  and  below,  I  do 
not  really  differ  so  much  from  Mr.  Prestwich  as  seems  to  be  the  case 

at  first  sight ;  for  he  classes  his  "  basement-bed"  not  with  the  Lon- 
don Clay  or  "  Upper  London  Tertiaries,"  but  with  the  underlying 

series,  to  form  the  "  Lower  London  Tertiaries."  Now  the  term 
"  basement-bed  "  of  a  formation  means  simply  a  peculiar  bed  at  the 
bottom  of  and  belonging  to  that  formation ;  and,  on  the  other  hand, 
it  cannot  rightly  be  used  for  the  bed  next  helow,  in  which  latter 
sense  this  author  seems  sometimes  to  use  it.  The  "  basement-bed 

of  the  London  Clay  "  therefore  is  the  characteristic  bed  at  the  bottom 
of  that  formation  and  forming  a  part  of  it. 

The  difference  between  my  classification  and  that  of  Mr.  Prest- 
wich will  perhaps  be  best  understood  by  tabulating  the  two  side  by 

side,  as  below : — 
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Prestwicii,  1850-54. Proposed  Classification. 

London  Clay. 

Basement- 
bed 

of  the 
London 
Clay. 

Woolwich 
and 

Reading 
Series. 

Thanet 

1^        Sands. 

Clay. 

(     Thin  pebbly  loam  &c.  of  the  ) 
western  part   of  the  London 
Tertiary  District. 

Thin   clayey  pebble-bed   of  [ 
Lewisham,  &c.  ) 

■{      Highest  sands  of  Upnor,  the  ̂  
Reculvers,  &c.,  with  pebbles  at 
the  bottom. 

Part  of  the  sandy  pebble-bed 
of   Kent   (Blackheath,   Abbey 

^  Wood,  Shottenden  Hill,  &c.). 
(     Part  of  the  sandy  pebble-bed 
of  West  Kent  (Sunderidge  near 
Bromley,  &c.) 

Sands,  shell-beds,  mottled  "i 
clays,  lower  pebble-beds  (un- 
fossiliferous  and  local),  and 
pebbly  greensands  of  West 
Kent  and  of  part  of  East  Kent. 

Mottled  plastic  clays,  sands, 
&c.  of  the  western  part  of  the 
London  Tertiary  District  and 

(^  sands  of  East  Kent. 
l      Sands,  sandy  marls,  &c. 

Basement- 
bed. 

Oldhaven 
Beds. 

Woolwich 
and Reading 

Beds. 

Thanet 
Beds. 

London 
Clay. 

Having,  I  trust,  clearly  stated  what  is  here  meant  by  "  Oldhaven 
Eeds  "  a  short  account  of  the  diiferent  members  of  that  series  will 
now  be  given. 

(a)  At  the  bottom  of  this  series  at  Upnor  there  is  a  thin  irregular 
layer  of  pale  greenish-yellow  sand,  crowded  with  shells  (Cyrena, 
Ostrea,  Ceritliium,  Melania)  and  filling  small  hollows  in  the  underly- 

ing sand  of  the  Woolwich  Beds.  This  is  not  constant,  being  cut  off  in 

many  places  by  the  pebble-bed  above,  the  lower  parts  of  the  hollows, 
however,  being  often  left  as  separate  patches.  This  bed  is  very 
local;  indeed  I  do  not  remember  having  seen  it  anywhere  else, 
though  it  may  occur  in  places  at  the  great  Eeculvers  section.  Pos- 

sibly, too,  the  thin  bed  of  sand  with  shells  which  next  underlies  the 

London  Clay  at  the  Brockwell  Hall  Brickyard,  Dulwich  '*,  may  be 
the  same  as  the  above,  which  it  is  not  unlike. 

(/3)  The  characteristic  sandy  pebble-bed  which  nearly  everywhere 
occurs  at  the  bottom  of  this  series,  varies  in  thickness  from  a  few 
inches  to  rather  more  than  two  feet  in  the  Canterbury  and  Reculvers 
district.  At  the  former  place,  and  for  a  few  miles  to  the  west,  it 
often  undergoes  a  great  change  in  structure,  the  pebbles  being  re- 

placed by  a  mass  of  sandy  brown  iron- ore,  sometimes  5  feet  thick. 
Here  and  there  a  few  pebbles  occur  below,  and  scattered  through, 
the  stone,  which  in  some  places  contains  many  casts  of  shells.  At 

one  pit  near  Boughton-under-Blean  all  the  fossils  are  of  estuarine 

*  See  Geol.  Siu-vey  Mem.  on  Sheet  7,  pp.  23,  24. 
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AVoolwich  species  (Cyrena  cuneiformis,  C.  cordata,  Melania  in- 

quhiata,  and  Cerithium)  ;  "whilst  in  another,  less  than  a  mile  off, 
they  are  for  the  most  part  marine  (Cardium,  Pectunculus,  Apor- 
rhais,  Ccdyptrcea,  Fusus),  but  with  a  mixture  of  ̂ the  freshwater 
shells. 

But  a  little  southwards  from  these  pits  another  change  takes 

place,  there  being  nothing  but  some  30  feet  of  pebble-beds  over  the 
Woolwich  sand  at  the  outlier  of  Shottenden  Hill,  the  only  place  in 
East  Kent  where  this  part  of  the  series  thickens  in  the  same  way  as 
at  Blackheath,  Bromley,  (fee. 

Westwards  the  pebble-bed  is  thin,  and  sometimes  there  are  merely 
a  few  pebbles  in  the  bottom  part  of  the  Oldhaven  sand ;  but  on  the 
Cobham  hills  it  swells  out  again,  and  from  Erith  by  Plumstead  Com- 

mon to  Blackheath  is  very  thick,  as  also  on  the  south  at  Bromley  and 
Chiselhurst,  the  name  of  which  last  place,  indeed,  is  derived  from 

the  Saxon  "  Chesil,"  a  pebble. 
From  Blackheath  to  Lewisham,  a  distance  of  about  a  mile,  the 

pebble-beds  thin  away  quickly ;  and  in  the  cutting  on  the  Lewisham 
and  Tunbridge  Hallway  there  was  to  be  seen  (in  1864)  a  layer  (no 
more  than  from  a  few  inches  to  a  foot  thick)  of  pebbles  in  sand 
capped  by  another  (of  the  same  thickness)  of  pebbles  in  clay,  the 
latter  being  the  true  basement-bed  of  the  London  Clay. 

Although  this  division  of  the  Oldhaven  Series  has  been  here  treated 

as  one  bed,  yet  one  cannot  be  sure  that  the  w^hole  of  the  thick  mass 
of  pebbles  of  West  Kent  represents,  or  is  the  same  as,  the  thin  layer 
of  the  eastern  division  of  the  county ;  for  it  is  possible  that  other 
beds  may  come  on  above,  and  that  the  sand  of  East  Kent  may  be 
replaced  westward  by  pebbles ;  but  I  think  that  it  is  the  safe  and 
right  thing  to  treat  of  it  so  until  the  contrary  view  can  be  proved, 
and  the  more  so  as  here  and  there  a  layer  of  sand  occurs  above  the 
pebbles  in  the  neighbourhood  of  London. 

Most  observers  must  be  struck  with  the  very  great  extent  to 
which  these  pebbles  have  been  worn.  The  flint-shingie  of  our  coasts 
nearly  always  contains  flints  in  many  states  of  wear,  from  the  rough 
piece  that  has  not  long  fallen  from  the  chalk-clifFs  to  the  rounded  peb- 

ble ;  but  here  cdl  are  finished ;  at  least  it  is  very  rarely  indeed  that  even 
anything  like  a  subangular  flint  is  to  be  seen.  It  would  seem  there- 

fore that  these  old  pebble-beds  could  hardly  have  been  a  shingle- 
beach  along  a  chalk  shore,  for  in  that  case  they  ought  to  contain 
many  flints  but  partly  worn.  They  must,  however,  have  been  de- 

rived from  the  Chalk;  and  one  is  led  to  infer  therefore  that  they 
must  have  been  deposited  as  a  shingle-bank  some  way  off  shore, 
to  which  no  flints  could  get  until  they  had  been  so  long  exposed  to 
the  wearing  action  of  the  sea  as  to  be  well  rounded. 

(y)  In  East  Kent  a  fine  light-buff  sand  forms  nearly  the  whole 
of  the  Oldhaven  Beds,  excepting  at  Shottenden  Hill,  where  it  is  not 
shown.  Near  Canterbury  and  the  Eeculvers,  this  is  from  15  to  20 
feet  thick,  for  the  most  part  finely  false-bedded,  sometimes  with 
layers  of  clay  or  of  sandstone,  and  sometimes  with  fossils. 



416  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [Mar.  21, 

"Westward,  at  Sittingbourne  and  Upnor,  it  is  thinner,  and  beyond the  latter  place  is  not  seen,  unless  it  is  represented  by  the  sand 
which,  as  aforesaid,  sometimes  occurs  above  the  pebble-beds  in  West 
Kent. 

A  strange  form  of  selenite  seems  to  be  characteristic  of  the  Old- 
haven  sand  both  at  Upnor  and  the  Eeculvers  ;  it  consists  of  crystals 
with  grains  of  sand  caught  up  between  the  thin  plates,  which  gene- 

rally cause  a  peculiar  satin-like  lustre,  but  sometimes  are  in  such 
plenty  as  to  make  the  mineral  look  like  concretionary  sandstone. 
These  crystals  are  of  various  sizes ;  they  often  lie  with  their  longer 
axis  vertical  or  oblique  to  the  bedding,  most  likely  from  having  been 
formed  in  cracks ;  and  now  and  then  casts  of  shells  are  made  up  of 
them. 

Note  on  the  Fossils  from  the  Olclhaven  Beds  at  Grove  Ferry. 

I  think  it  right  to  correct  a  mistake,  of  some  importance,  that  has 
been  made  with  regard  to  a  section  in  the  Oldhaven  Beds,  and  the 

more  so  as  it  is  printed  in  the  Society's  Journal. 
In  1859  a  short  paper,  "  On  Some  Tertiary  Fossils  found  at  Grove 

Perry  "  *,  was  published  by  the  late  Mr.  J.  Brown,  F.G.S.,  who  stated 
therein  that  "  the  beds  forming  the  central  portion  of  this  hill  above 
Grove  Perry  would  appear,  according  to  Mr.  Prestwich's  sections 
  to  belong  to  the  ̂   Basement-bed  of  the  London  Clay '  (Old- 
haven  Beds)   but  many  of  the  fossils  which  I  collected  here 
  appear  to  have  an  Upper  Tertiary  character;  indeed  some 

cannot  be  distinguished  from  Crag  species." 
Now  there  can  be  no  doubt  whatever  as  to  the  age  of  the  sand 

in  question.  It  belongs,  as  Mr.  Prestwich  has  always  held,  to  the 

series  called  "  Oldhaven  Beds  "  in  this  paper.  Its  lithological  cha- 
racter is  quite  enough  to  settle  the  matter :  no  field- geologist  who 

had  worked  at  the  many  sections  in  the  neighbourhood  could  doubt 
for  a  moment  which  of  the  Tertiary  sands  the  pit  is  in,  much  less 
could  one  who  had  mapped  the  district  and  traced  the  continuous 
outcrop  of  each. 

As  for  the  fossils,  I  could  never  find  any  but  the  common  shells, 
&c.,  of  the  Oldhaven  Beds ;  nor  could  Mr.  Dowker,  who  has  been 
there  often.  The  section,  however,  is  smaU,  and  parts  once  open 
may  now  be  hidden. 

Mr.  Prestwich  having  told  me  that  he  thought  Mr.  Brown  had  by 
mistake  mixed  up  some  Crag  fossils  with  those  from  Grove  Perry, 
and  that  the  reported  occurrence  of  Crag  species  at  that  place  was 
therefore  open  to  great  doubt,  I  carefuUy  looked  through  the  collec- 

tion, now  in  the  British  Museum.  The  result  of  this  examination 
was  to  convince  me  that  most  of  the  fossils  were  really  from  the 
Oldhaven  sand,  and  that  therefore  any  mistake  in  the  list  must  have 
been  chiefly  owing  to  the  wrong  determination  of  the  species.  The 
following  remarks  show  the  main  points  wherein  I  differ  from 

Mr.  Sowerby's  identifications. 

*  Quart.  Journ.   Geol.  Soc.  vol.  xv.  p.  133. 
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RemarTcs  on  Mr,  G.  B.  Sowerby^s  List  of  the  Fossils. 

The  names  are  in  the  order  of  the  original  list. 
1.  Pyrgoma  Anglica,  Sow.     I  cannot  say  what  this  came  from. 
2.  Balanus  Ohisletianus  (new  sp.).     I  did  not  see  this. 

3.  Mactra,  "  a  fragment."     I  did  not  see  this. 
4.  Corhula  Begulhiensis,  Mor.     From  Oldhaven  sand. 
5.    RencJclinsiana,  Nyst.     From  Oldhaven  sand. 
6.  Nucula  tenuis,  Mont.     From  Oldhaven  sand. 
7.    nucleus,  Linn.     From  Oldhaven  sand. 

ISTos.  6  and  7  may  be  the  same ;  they  are  much  like  the  com- 
mon N.  labellata  of  the  Lower  Eocene. 

8.  Pectuneulus  Plumsteadianus,  Sow.  From  Oldhaven  sand.  Should 
be  P.  Plumsteacliensis. 

9.  lAmopsis   aurita,    Wood.     From  Oldhaven   sand.     Mr.  S.   Y. 
Wood  has  written  to  me  to  the  effect  that,  judging  from  the 

figure  in  Mr.  Sowerby's  plate,  this  is  not  the  L.  aurita  of  the 
Crag.     It  looks  to  me  like  a  small  obhque  Pectuneulus. 

10.  Xieana?  "fragmentary."    From  Oldhaven  sand.    AmereroUed 
fragment  of  a  bivalve  shell,  but,  I  think,  not  a  Lucina. 

11.  Cyprina  Morrtsii,  Sow.     From  Oldhaven  sand. 
12.  Astarte  elevata  (new  sp.).     From  Oldhaven  sand. 
13.     gracilis,  Goldf.,  var.  multilineata,  Wood.     I  cannot  say 

what  this  came  from. 

14.    Burtinii,  Lajonk.     This  seems  to  have  come  from  Old- 
haven s;ind,  and  to  be  much  the  same  as  the  foregoing. 

15.  Cyrena  consobrina,  Caill.     A  bad  specimen  of  a  small  bivalve, 
most  likely  an  Astarte,  from  Oldhaven  sand. 

16.  Cardium  Laytoni,  Mor.     From  Oldhaven  sand. 
17.  Bostellaria  Sowerbyi,  Mant.     From  Oldhaven  sand  (Aporrhais). 
18.  Trophon  subnodosum,  Mor.     From  Oldhaven  sand. 

]  9.  Pleurotoma,  "  imperfect."     From  Oldhaven  sand. 
20.  Pyrula  nodulifera  (new  sp.).     I  did  not  see  this  from  Grove 

Ferry ;  but  there  are  some  good  specimens  from  the  Oldhaven 
'    sand  of  the  cliffs  west  of  the  Reculvers  in  another  draw  of 

Mr.  Brown's  collection. 
21.  Purpura  tetragona.  Sow.     Not  from  Oldhaven  sand;  but  must 

have  got  into  the  collection  by  mischance. 
22.  Clavatula  brachyostoma,  Wood?     From  Oldhaven  sand   (in  a 

piece  of  Cyprina). 
23.  Buccinum  concinnum  (new  sp.).    From  Oldhaven  sand.     Looks 

much  like  a  London  Clay  Fusus  (unnamed  ?) . 
24.  CJiemnitzia  elegantissima,  Mont.     There  is  in  the  collection  a 

shell  labelled  CJiemnitzia  which  may  have  come  from  Oldhaven 
sand ;  but  being  small  and  without  matrix,  it  is  hard  to  say. 
The  same  remark  applies  to  ISTo.  25. 

25.  Odostomia,  "  like  0.  plicata,  Mont." 

26.  JN'assa  reticosa.  Sow.,  var.  costata.  Wood.     Not  from  Oldhaven sand.  Marked  as  Buccinum  costatum  in  the  collection,  into 
which  it  must  have  got  by  mischance. 
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27.  Natica  Ilantoniensis,  Sow.  ?     From  Oldhaven  sand. 

28.    cantenoides,  'Wood?=iV".  glaucinoides,  Sow.  From  Old- haven  sand.  This  seems  to  be  the  common  Eocene  N.  la- 

hellata,  Lam.,  which  also=iV.  glaucinoides,  Sow.,  this  last 
name  seeming  to  have  been  given  both  to  a  Crag  and  to  an 
Eocene  species. 

29.  Bulla  concinna,  "Wood.     I  did  not  see  this. 
30.    utricula,  Nyst.     Erom  Oldhaven  sand. 
31.  Dentalium,  new  sp.  ?     Perhaps  from  Oldhaven  sand. 

32.  Helicc,  "adhering  to  a  broken  FususJ'     The  latter  is  from  the 
Oldhaven  sand ;  but  the  former  is  a  recent  species,  and 
clearly  came  from  a  modern  freshwater  deposit,  like  that  of 
Copford  (Essex),  or  from  a  valley-drift,  like  that  of  Chislet, 
close  to  Grove  Eerry  (see  Prestwich  in  Quart.  Journ.  Geol. 
Soc.  vol.  xi.  p.  110),  and  has  stuck  on  to  the  Eocene  shell 
by  chance. 

33.  Mingicida.     I  did  not  see  this. 

34.  Valvata  piscinalis,  MiiUer,  "  in  sand  within  a  Cardiimi  Lay- 
toni."  This  seems  to  be  nothing  but  the  broken  top  of  a Natica  from  the  Oldhaven  sand. 

35.  LimacG.     Source  uncertain. 

I  cannot  help  doubting  others  of  the  determinations  in  the  above 
list,  besides  those  to  which  I  have  therein  taken  objection.  A  few 
of  the  fossils,  however,  were  new  to  me. 

There  are  some  small  otolithes  in  the  collection,  which  seem  to 
have  been  left  out  of  the  list  by  mistake.  I  have  also  got  parts  of 
the  scutes  of  a  Turtle  and  the  teeth  of  Lamna  in  the  same  pit. 

§  5.  Genekal  Eelations  oe  the  Divisions  op  the  "  Lowek  London 
TeETIAEIES  "  TO  ONE  ANOTHEE. 

1.  The  TJianet  Beds  are  the  most  regular  of  the  three  series.  They 
steadily  thin  away  westwards ;  whilst  eastwards  from  their  central 
district,  near  Kochester,  fresh  beds  come  on  above,  and  partly  perhaps 
replace  the  sand  (c),  giving  the  whole  a  more  clayey  character. 

Wherever  a  good  section  of  the  junction  with  the  Chalk  is  to  be 
seen,  that  junction  is  even  ard  does  not  show  unconformity.  There 
is  indeed  no  stratigraphical  proof  of  unconformity  between  the 
Thanet  Beds  and  the  Chalk. 

I  must  quote  some  remarks  of  Mr.  Prestwich,  which  might  seem 

to  differ  from  the  above.  "  Extensive  and  deep  wear  of  the  Chalk 
evidently  took  place  before  the  commencement  of  the  lowest  Eocene 
deposits.     In  the  neighbourhood  of   Pegwell  Bay,  Upnor, 
Woolwich ,   Beading,  Newbury,   ,  and  Alum  Bay,  the 
Chalk  invariably  presents  a  worn  though  not  very  irregular  surface, 
and  is  strewed  over   with  those  peculiar  green-coated  flints. 
This  mass  of  flints,  although  generally  not  above  1  or  2  feet  thick, 
in  itself  indicates  a  wide  destruction  of  the  Chalk  "*.  I  think  that 
Mr.  Prestwich  wiU  now  allow  that  any  irregularity  that  occurs  at 

*  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  256  (1852). 
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the  junction,  is  owing  to  the  formation  of  pipes  after,  and  not  to 
the  wearing  away  of  the  Chalk  before,  the  deposition  of  the  beds. 
Moreover,  if  Mr.  Hughes  be  right  in  accounting  for  the  formation  of 

the  bed  of  green- coated  flints*,  it  follows  that  the  destruction  of  Chalk 
needful  for  its  production  also  took  place  after  the  deposition  of  the 
Thanet  Beds.  Of  course  the  process  which  would  effect  this  result 
would  alike  efface  the  signs  of  conformity ;  and  therefore  the  evenness 
of  junction  may  be  owing  to  this,  and  not  to  conformable  deposition, 
as  said  before  (pp.  406,  407). 

2.  The  Woohuich  and  Heading  Beds,  though  far  more  constant  in 
their  presence,  are  less  so  in  their  structure.  In  the  far  east  they 
pass  into  the  sands  below,  whilst  on  the  west  the  two  are  sharply 
divided,  and  the  pebbly  greensand  of  the  bottom-bed  sometimes  rests 
irregularly  on  the  light- coloured  Thanet  sandf.  West  and  north  of 
London  the  Reading  Eeds  lie  immediately  on  the  Chalk,  as  is  also  the 
case  in  the  Hampshire  basin.  I  think,  therefore,  that  we  should  be  pre- 

pared to  find  this  series  make  a  like  overlap  southwards  from  the 
mass  of  the  Kentish  Tertiaries,  and  should  not  be  surprised  if  outliers 
of  it  should  be  found  resting  on  the  Chalk  of  the  North  Downs. 
Now  on  the  hills  just  north-east  of  Otford  there  do  occur  (besides 
the  loamy  mottled  brick-earth)  masses  of  bright- coloured  mottled 
plastic  clay,  just  like  that  of  Berkshire,  &c.,  associated  with  the 
sands  which  Mr.  Prestwich  has  classed  as  CragJ. 

3.  The  Oldhaven  Beds  are  the  most  local,  the  most  uniform  in 

structure,  and  the  most  irregular  in  occurrence  of  the  w^hole.  Mr. 
Prestwich  long  since  noticed  the  way  in  which  the  pebble -beds 
rested  on  a  worn  surface  of  the  Woolwich  Series §,  sometimes  indeed 
cutting  off  almost  the  whole  of  the  latter  (see  Sections  6,  7,  8, 
PI.  XXII.);  and  near  Chiselhurst  I  have  lately  seen  the  former 

cutting  through  the  clay  with  shells  (4),  the  pebble-bed  (2  a),  and 
the  bottom-bed  (1),  until  it  rested  on  the  Thanet  sand  (c).  If,  then, 
we  ought  not  to  be  surprised  at  the  Woolwich  Beds  overlapping  the 
underlying  series  and  resting  on  the  Chalk  of  the  North  Downs,  still 
less  so  should  we  be  at  fi.nding  the  Oldhaven  Beds  in  that  position. 
Here,  again,  Mr.  Prestwich  is  before  me ;  for,  from  having  found  some 

of  the  peculiar  green-coated  flints  of  the  <' base-bed"  in  the  Old- 
haven sand  near  Heme  Bay,  he  infers  that  "  it  is  probable  that  the 

denuding  action  acted  not  only  on  the   upper  part  of  the  un- 
derlying (Woolwich)  series,  hut  that  it  in  places  extended  to  the  chalJc 

itself  \\. 
There  seems  to  be  another  reason  why  the  Oldhaven  Beds  must 

have  somewhere  reached  to  the  Chalk ;  for  else  how  is  one  to  account 

for  the  great  mass  of  flint-pebbles  which  they  contain  ? — a  mass  too 
great  to  have  been  derived  from  any  beds  between  the  two,  none  of 
which,  indeed,  contain  anything  like  that  amount  of  flints. 

*  See  above,  p.  402. 
t  See  Prestwich,  Quart.  Journ.  G-eol.  Soc.  vol.  x.  p.  101. 
+  Ibid.  vol.  xvi.  pp.  323-324. 
§  Ibid.  vol.  X.  pp.  106-107. 
II  Ibid.  vol.  vi.  p.  277. 
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In^the  eastern  part  of  Surrey  there  are  some  Tertiary  outliers  on 
or  near  the  crest  of  the  Chalk  escarpment*.  These  consist  chiefly  of 
masses  of  pebbles,  and  are  not  shown  on  the  Geological  Survey  Map, 
as, when  w  orking  in  that  district  some  years  ago,  I  was  led  to  take 
them  for  Drift,  not  being  then  prepared  for  those  overlaps  in  the 
Tertiary  bed*,  of  which  longer  study  has  shown  me  the  existence ;  and 
I  now  think  that  these  sandy  pebble-beds  belong  to  the  Oldhaven 
Series.  There  are  a  few  smaU.  outliers  of  the  same  in  Kent,  and  also 
of  sand  like  that  associated  with  the  pebble-beds  at  Shottenden 
HiU. 

A  long  and  close  examination  of  the  Tertiary  district  of  Kent  has 
led  me  to  think  therefore  that  its  structure  tends  to  show  that 

there  may  have  been  a  southerly  transgressiooif  of  the  Woolwich  Beds 
over  the  underlying  Thanet  Beds,  and  still  more  of  the  Oldhaven  Beds 
over  both. 

The  transverse  section  in  Plate  XXII.  may  serve  as  a  diagram  of 
the  geological  structure  implied  by  the  above  theory.  It  does  not 
show  an  unconformity  between  the  Thanet  Beds  and  the  Chalk,  but 
rather  one  in  the  midst  of  the  Lower  London  Tertiaries,  by  means  of 
which  their  highest  member  overlaps  the  others  and  rests  on  the 
Chalk. 

Por  the  sake  of  simplicity  no  outlier  of  the  Woolw^'ch  Series  has 
been  shown,  but  only  the  greater  irregularity  caused  by  the  overlap 
of  the  Oldhaven  Beds. 

§  6.  Fossils. 
Although  this  paper  is  founded  wholly  on  geological  evidence,  apart 

from  that  of  fossils,  yet  the  latter  have  not  been  neglected,  either  in 
the  field  or  at  home ;  and  the  accompanying  list  coitains,  I  beheve, 
the  name  of  every  properly  recorded  fossil  from  these  beds.  The 
authorities  from  which  it  has  been  compiled  are  as  follows : — 

(1).  The  many  lists  scattereJ.  through  Mr.  Prestwich's  papers  in 
vols,  vi.,  viii.,  and  x.  of  the  Quart.  Journ.  Geol.  Soc. 

(2).  The  lists  in  the  Geol.  Survey  Memoirs  on  sheets  7,  12,  and 
13. 

+(3).  Prof.  Morris's  '  Catalogue  of  British  Fossils,'  2nd  edit.  1854. 
$(4).  The  Monographs  of  the  Palseo-itographical  Society,  by  Mr. 

F.  E.  Edwards,  Mr.  S.  Y.  Wood,  &c. 

(5).  The  '  Ca,talogue  of  the  Fossils  in  the  Museum  of  Practical 
Geology,'  1865. 

(6).  The  Hst  given  by  Mr.  G.  B.  Sowerby  in  the  paper  by  Mr.  J. 
Brown,  Quart.  Journ.  Geol.  Soc.  vol.  xv.  p.  133  (see  pp.  416,  417). 

(7).  The  lists  by  Prof.  Forbes  and  the  Eev.  H.  M.  De  la  Con- 
damine  in  the  paper  by  the  latter  in  Quart.  Journ.  Geol.  Soc.  vol.  vi. 
p.  440. 

*  See  Prestwich  in  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  257,  and  in  the 

'  Waterbearing  Strata  around  London,'  pp.  135-36  (1851). 
t  This  word  may  perhaps  be  better  here  than  "  unconformity,"  as  our  notions 

of  conform^'ty  and  unconformity  are  not  yet  as  clear  as  might  be  wished. 
I  The  names  in  the  Hst  have  been  corrected  according  to  these  works. 
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(8).  Mr.  C.  Evans's  note  in  the  '  Geologist/  vol.  vii.  p.  34  (1864) ; and  a  few  other  short  notices  of  fossils. 

It  is  not,  however,  wholly  made  from  the  above  published  works, 
but  has  been  largely  added  to  from  unpublished  lists,  in  my  Note- 

books, of  the  collections  of  Mr.  G.  Dowker,  F.G.S.,  Mr.  J.  Eeid  and 
the  Eev.  Dr.  Mitchinson  (Canterbury),  Mr.  J.  Horsley  (given  to  the 
British  Museum),  Mr.  J.  G.  Goodchild  (Sittingbourne),  given  to  the 
Geol.  Survey,  and  Mr.  J.  Marten  (Ensinge),  also  in  part  given  to 
the  Survey,  besides  many  notices  of  fossils  found  whilst  working  at 
the  Tertiary  beds  of  Kent.  Of  course  I  cannot  hold  myself  responsi- 

ble for  the  right  identification  of  the  species  in  the  published  lists ; 
each  observer  must  answer  for  his  own  determinations.  Some  of 

these,  no  doubt,  are  wrong ;  but  that  is  not  my  fault,  and  I  shall  be 
glad  to  have  corrections  and  additions. 

Sometimes  I  have  been  unable  to  state  in  what  particular  bed  a 
fossil  has  been  found.  This,  again,  is  not  my  fault,  but  is  owing  to 
the  fact  that  authors  are  somewhat  careless  in  giving  information  as 
to  the  exact  position  or  locality  of  the  fossils  they  find :  thus  many 

specimens  are  recorded  simply  as  from  "  Woolwich  Beds,"  whilst  of 
others  one  can  learn  no  more  than  that  they  are  "  Lower  Eocene." 
I  am  sorry  to  say  that  the  last  case  often  occurs,  just  where  it  is 
most  to  be  regretted,  in  the  elaborate  monographs  of  the  Palseonto- 

graphical  Society  "  On  Eocene  Shells,"  which,,  whilst  being  almost 
perfect  from  a  zoological  point  of  view,  sometimes  are  of  little  use  to 
the  field-geologist. 

The  classification  of  the  large  groups  follows  that  of  Prof.  Huxley 

in  the  ̂   Catalogue  of  Fossils  in  the  Museum  of  Practical  Geology/ 
1865,  p.  Ixxv. 
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List  of  Fossils  frox  the  Beds  eetweex  the  London  Clay  and  the  Chalk, 
WITH  their  Range  upwards  into  the  Baseaient-bed  of  the  London 

Clay,  into  the  London  Clay,  an^d  into  Beds  aboye  the  London  Clay. 

[Those  species  marked  X  a^e  so  named  in  the  Monographs  of  the  Palfleontographical 

Society,  and  those  names  marked  f  occur  in  Professor  Morris's  '  Catalogue  of  British 
Fossils,'  2nd  edit.]. 

Names  of  Fossils. 

1 
Pass  up i  3 

o 

go 

Oldhaven 

Beds. 
Woolwich  and 

Reading  Beds. 

Thanet 

Beds (EastKent). 

si 
CO 

1 

1^ 

h 
p-i 

1 
OD'o 

m 

1 
1 
a 
00 

Kingdom  ANIMALIA. 

Subkingdom  YERTEBEATA. 
Class  MAMilALIA. 

Coryphodon    

* 

* it 

\ 

* 

fDidelphys  (?)  Colchesteri,  Charles- 
worth    

Lophiodon,  or  Coryphodon       
Vespertilio  sp  ,  Ow. ...             ... 
Bones   

Class  AvES. 

Bone  (phalangeal)      

Class  Eeptilia. 

Chelonia.    Bones   

  .     Fragments  of  carapace    . . . 
GrocodiUa,  remains  of  ( Ow. )    ? 
  .     Scutes      
Lacertia.  remains  of  (Ow.)   ? 

tPalaeophis  longus  ?,  Ow   

Class  Pisces. 

Edaphodon      
t  Lamna  contortidens,  Ag   ? 

? 

? 

9   dubia,  Agf.?    
t   elegans,  Aff.?      * 
  Hopei,  Aff.?   
  (?sp.)  teeth    * * 
Lepidosteus  (vertebrae),  2  sp.  ?   
   scales       ? 
Lepidotus  miaor?       i 

My  liobatis  (fragments)       1 1 

Otodus.     Teeth     .,   *         * 

i 
Pish  (broken  up).     One  fairly  per- 

fect skele:;on  got  by  Mr.  J.Mar- 
ten,  at  Ensinge,  now  in  the  Mus. 
of  Pract.  Geol   

Bones,  scales,  teeth,  or  vertebrae... 1 * * * * * 
OtoHthes      i 

i 1 
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Names  of  Fossils. 

Pass  up 

s  o ll 

Oldhaven 

Beds. 

C3   !=! 

^CQ. 

Woolwich  and 
Eeading  Beds. O    o 

Thanet 
Beds. 

(EastKent). 

Subkingdom  MOLLUSCA. 

Class  Cephalopoda. 

Nautilus  (2  specimens,  one  found 
by  Mr.  J.  Evans,  F.R.S.,  near 
Eeculvers,  the  other  by  Mr.  J. 
Marten  at  Ensinge ;  both  in 
the  Mus.  Pract.  Geol.)   

Class  GrASTEROPODA. 

(Including  classes  Pulmogastero- 
poda  and  Branchiogasteropoda 
of  Huxley.) 

Actseon    

t  Aporrhais  Sowerbyl   
t Auricula  pygmaa,  Mor   
Buccinum  (?)  ambiguum,  Desh. 

and  "new  sp.,  large  and  glo 
hose" {Prestw.,Q.  J.  G-.  S.vi.257) 
  concinnum,  G.B.Sby.  (G-rove 

Ferry,  see  p.  417.)   

JBulla    concinna,   Wood?    (Grove 
Ferry,  see  p.  418.)      
—  utricula,  Nyst  (Grove  Ferry, 
see  p.  418.)      

tCalyptrgea  troehiformis,  Lam.... 
tCancellaria       lasviuscula,       Desh. 

i^Sby-)    
t  Cassidaria  nodosa,  Brand      

—  striata,  8by   , 
fCerithium  Bowerbankii,  Mor..., 
  crenatulum,  Desh.  ?   
  crenulatum,  Desh.  ?   

t   funatum,    Mant.    (including 
C.  variabile,  Desh.)      

t   gracile,  Mor   
t   Lunnii,  Mor   

JChemnitzia    elegantissima,    Mon- 
tagu (Grove  Ferry,  see  p.  417.).. 

  ,  or  Eulima,  "a  very  small  sp." 
From  Thanet  Beds,  {Prestwich. 
Q.J.G.S.viii.  248. 

JClavatula      brachystoma,     Phil.  ? 
(Grove  Ferry,  see  p.  417.)     

tDentalium  nitens ,  Shy   
  sp.  (rather  large)   
■   ,  small  sp.(?=D.  nitens)   

[•Eulima?,   or    Kissoa?;    see    also 
Chemnitzia      

YOL.  XXII.   PART  I. 
2a 
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Names  of  Fossils. 

tFusus  complanatus,  Shy   

t   gradatus,  Sby   
t   latus,  Sby   

—  planicostatus,  MeU.   
t   subnodosus,  Mor   
t   tuberosus,  Sby   
  .sp   ,.... 
Helix  (?!)   

fHydrobia  Parkinsoni,  Mor   

\   Websteri,  Mor   
Limax  (?!)   

tMelania  inquinata,  Befr   
tMelanopsis  ancillaroides,  JDeshP. ... 

t   brevis,  Sby  P.   
t   buccinoides,  Fer   
  subcarinata?      
  subfusiformis  ?   

Me  tula  juncea,  Sby.  (==Buccinum 
jmiceum)     

Murex  foliaceus,  Mell.  ?      
JflSTatica  catenoides,    Wood  (Grrove 

Feriy,  see  p.  418)   
t   Hantoniensis,  Linoi.{pYPilk.l) 
t   labellata,  Lam   
t    patula,  Lam.  ?    (from     the 

Thanet  Beds) 

Mor.   (=Am- 
pullaria)       

—  (small,  sp.)    
tNeritina  concava,  Sby   
t   consobrina   

t   globulus,  Defr   
  pisiformis,  Fer   
  yicina,  Mell.   
Odostomia   

Paludina  aspera,  Michaud  (?=P, 
Desnoyeri,  Desk.)   

t   lenta,  Brand    , 
  ,  Brand,  rar.  j3,  Mor.  . . , 
  rugosa,  Brand.  ?    
Patella,  sp   
Pitharella  Eickmanni,  Edw   

ttPlanorbis  liemi  stoma,  Sby   
  la^vigatus,  Besh   

|Pleurotoma      acuminata,       Sby. 
(Grove  Ferry,  see  p.  417)    ..... 

|t   comma,  Sby   
  ,  sp.   

tPseudoliva  fissurata,  Besh   
t   semicostata,  Besh   

up 

-90 

Oldhaven 
Beds. 

s| 

3 

Woolwich  and 
Beading  Beds. 

4^ 
II 

Thanet 
Beds 

(E.  Kent.) 
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Names  of  Fossils. 

Pyrula  nodulifera  ( G.  B.  Sowerby 
Q.  J.  G.  S.  XV.  136)   

  Smithii,  Shy   
tricostata,  Desk. 

tRingicula  turgida,  Charle&worth 
(and  from  Tlianet  Beds,  Frestw 
Q.  J.  a  S.  viii.  248)      

— — 'SP   
E-issoa,  sp   
  (see  Eulima) 

tRostellaria    lucida,    Sby.    (?Apor- 
rbais  Sowerbyi,  see  Frestwich,  Q. 
J.  G.S.vi.  261)   

  ,  sp   
  ,  or  Aporrhais  (Frestwieh,  Q. 

J.  G.  S.  viii.  248)   
tScalaria  Bowerbankii,  Mor   

  >  sp   
Solarium      
Trochus?    
Turritella    

Yalvata(?)   
ItYoluta  denudata,  Shy.    . 

Class  CONCIIIFERA. 

Anomia?      

X  t Area  depressa,  Sby   
i   Dulwichiensis,  Edw. 

—  Laekeniana    
■   'Sp   
Astarte  Bm-tini LajonJc.    (Grove 

Ferry,  see  p.  417)   
—  donacina,  Sby   
—  elevata  ( G.  B.  Sby.,  see  p.        ] 
—  gracilis,  Goldf.  {ym\  multili- 
neata,  Wood).  (Grove  Ferry, 
see  p.  417)   
—  tenera,  Mor   , 

  >sp   
Avicula?       

Byssoarca  Cailliaudi,  Bellardi   
fCardium  Laytoni,  Mor   
'   nitens,  Sby     Plumsteadiense,  Sby   
  semigranulatum,  Sby   
  ,  sp.  (one,  or  both  the  last  two  ?) 

tCorbula  Arnouldii,  Nyst   
?,  Sby   

Pass  up 
Oldhaven Beds. Woolwich  and 

Reading  Beds. 

Thanet 
Beds. 

(E.  Kent.) 

2a2 
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Names  of  Fossils. 

Corbula      Hencklinsiana,      Nyst. 

(G-rove  Ferry,  see  p.  417.) 
  Eegulbiensis,  Mor   , 
Crassatella,    sp.     (From    Thanet 

Beds,Presz;w.,Q.  J.aS.  viii.248.) 

ICucuUsea  decussata,  Park.  {=\C 
crassatina,  Lam.)    

tCyprina  Morrisi,  8by. 
—  planata,  Sby   

tCyrena  cordata,  Mor   
t   cuneiformis.  Fer.  (and  in  sand 

below  clay  shell-beds,  Woolwich 
Prestwich.  Q.  J.  G.  S.  x.  101).., 

\   deperdita,  >S^y   , 
  Dulwichiensis,  BicJcman   
  Gravesii,  Besh   

  intermedia,  Mell   '. 
t   obovata,  <SAy.?  (?  =  C.  cordata) 
t   tellinella,  Fer   

  ,  new  sp.?,  shape  of  C.  cordata 
banded    like   C.  Dulwicliiensis, 

Undescribed  {W.W.)     

f Cytherea  convexa,  Brong.     (New- 
haven,  Sussex)    
  laevigata    (var.    « ?),     Lam 

{Prestw.  Q.  J.  G-.  S.  vi.  257)   ... 
t   obliqua,  Desk   
  orbicularis,    Edw.    (wrongly 

taken  for  C.  Bellovacina,  Desk.) 
  ovalis  (var.?),  Sb^, 

Q.  J.  a.  S.vi.  257,  264).. 
Dreissena  serrata,  Mell   

tGlycimeris  Rutupiensis,  Mor. 
  ,  sp.?    
  ,  or  Panopgea   
JLeda  substriata,  Mor   
JLimopsis  aurita,  BroccJii     (Grove 

Ferry,  see  p.  417.)   .... 
Lithodomus  ?  (bores)   .... 

Lucina(andfromThanetBeds,  Peg- 
well,  Prestw.  Q.  J.  G.  S.  viii.  248) 

Maetra     (a    fragment).       (Grove 
Ferry,  see  p.  417.)    .. 

jtModiola  depressa,  Sby. 
\    dorsata,  Mor   
jt   elegans,  8oy   
{t   Mitchellii,  Mor... 
|t   simples,  Sby   
jt   subcarinata,  iMin. 

Pass  up 

5« 

Oldhaven 
Beds. 

Jo 

Woolwich  and 
Keading  Beds. 

Thanet Beds 

(EastKent). 

aj  I.  • 

I* 

CO  13 

a-fe 
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Names  of  Fossils. 

Mytilus   
ItNucula  Bowerbankii,  Sby   

—  cardioides,£'f?w.(ThanetBeds, 
Pegwell). 
—  f ragilis,  Desk   
—  gracilenta,  Wood   
—  margaritacea,  Lam.  (?  =  N. 
similis,  Sbi/.)   
—  nucleus,  Linn.  (Grove  Ferry, 
see  p.  417.)      
—  proava,  Wood.  (Bishopstone 
(?  what  from),  Palceont.  Soc.): 
—  sextans,  Edw.  (Tlianet  (?) 
Eeculvers,  Palaeont.  Soc.,  ?  from 
e  or  2). 

—  stria tella,  Wood      
j   tenuis,     Montagu.       (Grove 

Ferry,  see  p.  417.)   

I   Thanatiana,  Edw.      (Thanet 
Beds,    Pegwell,  Pala;ont.  Soc., 
?from  d  ov  e). 

— >  sp   
ItOstrea  Bellovacina,  Lam.  (inclu- 

ding O.  edulina,  Sbi/.)   

I   cymbuloides.  Wood. 
—  elegans.  Desk   

t   elephantopus,    JSbT/.     (Mr.  S. 
V.  Wood  tells  me  that  he  believes 

this  to  be  the  thickened  upper 
valve  of  O.  gigantea)      
—  lateralis  (see  Prestwick,  Q.  J. 
G.  S.  X.  444)   

ft   flabellula,  Lam   
i   pulcherrima.  Wood.      (Given 

simply  as  from  Reading  by  Mr. 
S.  V.  Wood,  Palseont.  Soc.)   

jt   pulchra,  Sb^   
|t   tenera,  Sb^   
  ,  sp   

tPanopsea  granulata,  Mor   
t   intermedia,  Sb^   
JPeeten  contubernalis,  Wood  (no- 

ticed simply  as  from  Heme  Bay  by 
Mr.  S.  V.  Wood,  Palteont.  Soc.) 

\f   Prestwichii,  Mor   
itPectunculus  brevirostris,  Sby.    . . . 
|t   decussatus,  Sb7/   
|t   Plumsteadiensis,  /S5y   
I   terebratularis,  Lam   
tPholadomya  cuneata,  Sbi/   

Pass  up 

o 

Oldhaven 

Beds. 
Woolwich  and 
Eeading  Beds. 

Thanet 

Beds 

(EastKent). 

^1 
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Names  of  Fossils. 

Pass  up 

1 
h 

f  o 

i 

Oldhaven 
Beds. 

Woolwich  and 
Eeading  Beds. 

Thanet Beds 

(E.  Kent). 

3 

"1 
1i 

II m 

£4 

1 
M 

5 

Is 

to- 

1 

tPlioladomya  Koninckii,  Nyst  ?    ... 
? 

? 
? 

a- 

?? 

if 

* 

* 
^ 

^ Pholas,  sp..    .        ... 
Pinna,  sp   

■5f 

•H- 

■5(- 

tPsammobia  Condamini,  Mor   

•5f 

4«- 

.  sr».?   

tSanguinolaria  Edwardsii,  Mor.  . . . 

-)«• 
Saxicava  compressa,  Edw.    (MS.) 

(From    Thanet  Beds,   Frestw., 
Q.  J.  a.  S.  Yiii.  248.) 

Solen,  sp   

•5f 

■5;- 

Tellina?   

tTeredina  personata  Desk   ^ 

7(- 

■55- 

4f 

  ,  large  and  undetermined  sp. 
(?T.  personata)      

^f- 

^ 
•Sf- 

  ,  sp   
tTliracia  oblata,  Sb^   

•?5- 

•5f 

tXJnio  Edwardsi,  Wood        
t          Solanderi,  Sb?/.?    

1   subparallela,  Edw.  (TJ.  Desha- 
yesii,  Frestw.,  Q.  J.  G.  S.  x.  118) 

  ,  sp.?   
-;s- Venericardia  ?      

Class  Brachiopoda. 

|tLingula  tenuis,  Sby   

? 

■j;- 

* 

Class  POLYZOA. 

Flustra   

f Lunulites  urceolatus,  Lam   -x- 
Polyzoan,  undetermined    

Subkingdom  ANNULOSA. 
Class  Crustacea. 

Cancer,  sp   

[tHoploparia  Bellii,  M'-Coy   

■> 

¥r 

  ,  so   
Paloeocorystes   

Order  Ostracoda 

(or  Entomostraca). 

jCandona  Bichardsoni,  Jones      

-If 

Cypris  or  Cy there,  sp   
ICytliere  Kostelensis,  Beuss    

? 

1     (Cythereis),    "  sp.    undeter- 
mined" (Jones)       

ft              (Cytheridea)       Muelleri, 
JMilnst       .  .                 

lir 

^■^ 

-;;- 
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Names  of  Fossils. 

Pass  up 
Oldliaven 

Beds. 

iM 

Woolwich  and 
Reading  Beds. 

Thanet 
Beds 

(E.  Kent). 

4^ 

|Cy  there      (Cytheridea)     Muelleri, 
Munst,  var.  torosa,  JoJies      

\   (Cytherideis),  sp.  (Jones)    . . . 

[C.  angulatopora,  Beuss,  C.  pli- 
cata,  Munst.,  and  C.  Wetherellii, 
Jones,  have  been  recorded  by 
mistake  as  from  the  Woolwich 

Beds ;  they  are  Upper  Eocene 

species.  See  Prof.  T.  E.  Jones's 
"  Tertiary  Entomostraca"  (Palse- 
ontograph.  Soc),  p.  26.] 

Order  Cirripedia. 

fBalanns    Chisletianiis,   G.  B. 
(Grove  Ferry,  see  p.  417.) 

Balanus  ?     

Shy. 

Class  Annelida. 

tDitrnpa  plana,  Sby   
Serpula    

Class  ECHINODERMATA. 

Diadema  ?   
Hemiaster  Bowerbanki      

jOphiura  Wetherelli,  Forb   
Schizaster  ?      

Spatangus     (?  Hemiaster     Bower- 
banki), Frestw   

Spines  of  Echini     

Subkingdom  CCELENTEEATA. 

Class  AcTiNOzoA, 

Coral,  small    

Class  Spongida. 

Sponge-spicules   

Class  Ehizopoda. 

Order  Foraminifcra. 

fCristellaria  calcar,  Linn.,  var.  pla- 
typleura,  Jones   

Grlobigerina,  sp   
fNodosarina   (Cristellaria)   Italica, 

Defr.  ( =:C.  Wetherelli,  Jones)  . . . 
fNodosarina   (Nodosaria)  raphani- 

strum,    Linn.    (=N.   bacillum, 
mr.)   

<^) 

{a)  From  the  ironstone  of  Boughton-under-Blean. 
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INames  of  Fossils. 

Pass  up 
s 

1 

"a 

i 

Oldhaven 
Beds. Woolwicli  and 

Keading  Beds. 

Thanet 
Beds 

(E.  Kent). 

o  c 3 

Q c  o 

3 

1  ̂ 

1 
it 

It 

1 
00 

i 1 
Polymorphina  lactea,  JV.  8f  J.  {—V . 

ampulla,  Jones,  and  Grlobulina 
of  authors)   ^ # ? 

tRotalia  Beccarii?,  Linn.  ... 

■■:;v:;::. 

Textularia   * 

* 

* 

Truncatulina     lobatula,    W.  Sf  J. 
(— Kosalina  Marise,  t7b?2es)    

Incert(B  Sedi's. 
Nidulites  (London  Clay  and  Thanel 

Beds). 

Kingdom  PLANT-ffi. 

Carpolithes           (Ehytidosporum, 

H.oolxer')  ovulum,  Brong   

* 

* 

Zamiostrobusmacrocephalus,Z2j^(?. 
^  Hut.,  a  silicified  cone  (see  p. 
409)      

Cone,  cast  of   
............. 

* 
licaves,  impressions  of   ^ * 

* Seed-vessels      •K- 
Wood   ^ 

Besides  which,  impressions  of  leaves  occur  in  the  "  striped  sands  " 
(5)  at  Lewisham,  and  many  plant-remains  have  been  found  in  the 
lower  part  of  the  plastic  clays,  &c.,  at  Reading.  (See  Prestwich, 

Quart.  Jom-n.  Geol.  Soc.  vol.  x.  p.  88,  pi.  4.)  These  latter  have 
been  more  lately  named  by  De  la  Harpe  as  follows  (in  the  Geol. 
Survey  Memoir,  on  sheet  10,  pp.  113,  116),  although  perhaps  it 
would  be  safer,  with  Dr.  Hooker,  to  leave  them  without  specific 

names  for  the  present  (note  to  Mr.  Prestwich's  paper,  p.  163) : — 
Grevillea  Heeri,  Be  la  Harjje. 
Laurus  Hookeri,  Be  la  Harpe. 
Kobinia  Keadingensis,  Be  la  Harpe, 

Drjandroides  Prestwichii,  Heer. 
Ficus  Forbesi,  Be  la  Harpe  (ranges 

up  into  the  Bagshot  Beds). 
  Prestwichii,  Be  la  Harpe. 

^^^■"  The  above  List  does  not  refer  to  Kent  only,  but  is  a  record  of  all  the 
fossils  from  the  basement-bed  of  the  London  Clay  and  the  Lower  London  Ter- 
tiaries  of  all  parts  of  England. 

§  7.  On  the  Outliees  oe  Sand  on  the  Noeth  Downs,  which  have 
BEEN  CLASSED  WITH  THE  CeAG. 

In  1857  Mr.  Prestwich  read  a  paper  to  this  Society  "  On  the  Age 
of  some  Sands,  (S:c.,  on  the  North  Downs,"  in  which  he  inferred  that 
the  beds  in  question  are  of  Lower  Crag  age  *.  The  following  re- 

marks on  this  subject  are  made  with  the  view,  not  of   giving  a 

"^  Quart.  Jouiu,  Geol.  Soc.  vol,  xiv.  p.  322. 
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decided  opinion  on  it,  but  rather  of  showing  how  careful  we  should 
be  in  doing  so. 

Mr.  Prestwich's  reasons  for  classing  these  sands  with  the  Crag 
are,  that  they  are  different  in  structure  from  the  neighbouring  old 
Tertiary  beds,  and  that  many  of  their  fossils  are  like  those  of  the 
Crag.  Now  it  has  been  shown,  in  the  foregoing  part  of  this  paper, 
that  there  are  irregularities  in  the  Lower  London  Tertiaries,  by  means 
of  which  outliers  of  the  upper  and  middle  divisions  occur  resting  at 
once  on  the  chalk,  without  the  presence  of  the  lower  division,  the 
Thanet  Beds,  and  also  that  those  divisions  often  change  their  struc- 

ture. May  not,  therefore,  the  peculiar  features  of  these  outlying- 
sands  be  explained  on  the  supposition  that  they  are  transgressive 

parts  of  the  "Woolwich  and  Oldhaven  Beds  ? 
I  should  not  venture  to  make  this  suggestion  were  the  fossil- 

evidence  more  trustworthy.  In  Mr.  Wood's  list,  appended  to  Mr. 
.Prestwich's  paper,  the  name  of  every  species  is  followed  by  a  note 
of  interrogation ;  and,  in  the  words  of  that  palaeontologist,  "  the 
most  that  can  be  said  is,  that  there  is  a  stronger  resemblance  in 
these  fossils  to  the  shells  of  Crag  than  to  those  of  any  other  forma- 

tion." Since  the  publication  of  the  above,  fresh  fossils  have  been 
found  by  my  colleague  Mr.  Hughes  and  myself,  but  they  do  not 
throw  much  light  on  the  question.  All  are  in  the  state  of  casts  or 
impressions,  and  are  therefore  hard  to  determine.  There  are  amongst 
them  specimens  which  many  palaeontologists  would  at  once  refer  to 
Crag  species,  especially  perhaps  a  large  TelJina  exactly  like  T.  Bene- 
denii  (?),  and  a  Panopcea  like  P.  Faujasii  ;  others,  however,  would 
do  equally  well  for  Eocene  species ;  and  some  can  hardly  be  classed 
as  of  any  other  age  than  Eocene — for  instance,  some  specimens  of 
Phoriis  quite  like  P.  agglutinans,  a  Cyrena  cuneiformis,  and  some 
examples  of  a  small  Nucula  (which  Mr.  J.  G.  Jeffreys,  F.E.S.,  tells 
me  is  quite  unlike  any  that  occurs  in  the  Crag,  whilst  it  seems  to 
be  rather  the  Eocene  N.  minor).  When  discussing  this  question,  I 
have  sometimes  been  met  with  the  statement  that  the  finding  of 
the  large  Terehratula  of  the  Crag  {T.  grandis)  in  the  Lenham  iron- 

stone settles  the  matter ;  but  against  this  there  is  the  fact,  pointed 
out  to  me  by  Mr.  Charlesworth,  that  this  shell  has  been  recorded  as 
occurring  in  Eocene  beds  in  England,  under  the  synonym  of  T.  hisi~ 

miata,  by  no  less  an  authority  than  Mr.  Davidson*.  It  seems, 
therefore,  that  we  cannot  get  much  help  from  the  fossils.  I  would 
add  that  our  knowledge  of  those  from  the  Kentish  Tertiaries  is  yet 
far  from  perfect ;  fresh  species  (both  new  and  recorded  before  from 
higher  beds  only)  often  turn  up ;  so  that  some  of  the  anomalies  of 
the  Lenham  list  may  perhaps  be  explained  when  the  fossils  of  the 
older  Tertiary  beds  are  better  known. 

Another  element  of  doubt  is,  that  the  fossils  occur  only  in  the 
ironstone  of  some  pipes  at  Lenham,  none  having  been  found  in  the 
larger  masses  of  these  sands  at  Paddlesworth  &c.t — and  yet  another 

^  Monogr.  Palseont.  Soc. 
+  My  colleague,  Mr.  Topley,  has  lately  found  a  cast  of  a  bivalve  (C^-^rina?) in  a  field  on  the  hills  above  Folkestone. 
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in  the  fact  tliat  fossils  from  a  bed  of  sand  below  the  London  Clay 
have  been  mistaken  for  Crag  species  (see  pp.  416-418) ;  for  if  old 
Tertiary  shells  in  fairly  good  preservation  show  such  a  likeness  to 
those  of  the  Crag  as  to  be  mistaken  for  them,  how  much  more 
likely  are  we  to  be  led  astray  by  mere  casts  and  impressions,  such  as 
those  from  Lenham  ? 

Since  this  paper  was  read,  there  have  appeared  two  abstracts  of  a 

note  by  MM.  Cornet  and  Briart  "  On  the  Discovery  in  Hainaut,  below 
the  Thanet  Sands,  of  a  Limestone  with  a  Tertiary  FauLua"*,  most  of 
the  species  being  allied  to  those  of  our  Barton  and  Bracklesham  Beds  ; 
in  other  words,  there  is  a  Middle  Eocene  fauna  at  the  bottom  of  the 

Lower  Eocenes.  Surely  this  should  lead  us  to' be  careful  in  deter- 
mining the  exact  position  of  Tertiary  beds  by  their  fossils  alone. 

Those  who  agree  as  to  the  comparatively  modern  age  of  the  sands 
on  the  North  Downs  are  at  issue  as  to  their  exact  position.  Mr, 
Prestwich  refers  them  to  the  Lower  or  Coralline  Crag.  Sir  C.  Lyell  f 
has  thrown  them  down  into  the  Miocene  ;  and,  last  of  all,  a  foreign 
palaeontologist  has  lifted  them  up  higher  than  before,  as  may  be 
seen  from  the  following  translation,  for  which  I  have  to  thank  Mr. 

Jenkins,  the  Assistant-Secretary : — "  Moreover  the  iron-sandstones 
of  Kent,  which  Lyell  misquotes  as  Miocene,  contain  no  single  typi- 

cal Miocene  species,  but  many  which  are  referable  to  species  charac- 
teristic of  the  Upper  Crag — a  fact  of  which  I  have  convinced  myself 

by  an  inspection  of  the  collections  of  Mr.  Prestwich  and  of  the  Geo- 
logical Survey ;  these  beds  must  therefore  be  considered  Pliocene  %. 

It  seems  to  me  that  Dr.  von  Koenen  is  somewhat  rash  in  saying 
that  these  beds  must  be  considered  Pliocene ;  he  has  seen  the  fossils 
only,  and  not  the  beds  they  came  from  ;  but  he  has  told  me  that  his 
opinion  was  backed  by  the  late  Dr.  S.  P.  Woodward,  an  authority 
second  to  none  in  the  determination  of  recent  and  Pliocene  shells. 

Mr.  S.  y.  "Wood  and  Mr.  Charlesworth,  however,  say  that  the  fossils cannot  be  determined  with  accuracy,  as  they  are  only  casts. 

"With  regard  to  the  placing  of  these  sands  in  the  Miocene  System 
by  Sir  C.  Lyell,  I  cannot  help  remarking  how  that  age  seems  to  be 
used  in  England  as  a  sort  of  harbour  of  refuge  for  Tertiary  rocks. 
Wherever  there  are  Tertiary  beds  of  which  the  age  is  doubtful  (that 
is  to  say,  which  are  not  capped  by  any  other  deposits,  or  are  capped 
by  drift  only),  those  beds  have  been,  at  one  time  or  other,  called 
Miocene — for  instance,  the  Bovey  Beds  of  Devonshire,  the  Hempstead 
Beds  of  the  Isle  of  Wight,  and  the  Leaf-beds  of  MuU.  Moreover, 
when  Tertiary  formations  are  classified  by  their  contained  plant- 
remains,  the  worst  of  all  fossils  for  such  a  purpose,  the  odds  are 
greatly  in  favour  of  their  being  called  Miocene.     Bovey,  Hempstead, 

*  Geol.  Mag.  vol.  iii.  p.  174,  and  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  part  2. 

p.  11. t  Elements  of  Geology,  6th  edit.,  pp.  233,  368  (1865).  I  believe  that  Sir 
Charles  Lyell  has  since  given  up  this  opinion,  and  now  looks  on  these  sands  as 
Crag. 

\  "  Die  Fanna  der  unter-oligocanen  Tertiarschichten  yon  Helmstadt  bei 
Braunschweig,"  by  Dr.  A.  von  Koenen,  Zeitschr.  der  deutsch.  geol.  Gesellschaft. 
vol.  xvii.  p.  461  (1865). 
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and  Mull  are  also  in  this  list,  together  with  beds  in  other  parts  of 
the  world. 

It  should  be  understood  that  I  do  not  venture  to  assert  that  the 

iron-sands  of  Paddlesworth  &c.  are  Eocene,  but  only  suggest  that, 
in  the  absence  of  good  palseontological  evidence,  one  might  look  on 
them  as  of  that  age.  The  great  difficulty  in  the  way  of  classing 
them  with  any  of  the  old  Tertiary  beds  of  the  neighbourhood  seems 
to  be,  that  their  fossils  as  a  group  are  not  like  those  of  the  latter, 
but  (as  far  as  the  Eocene  species  are  concerned)  seem  rather  to  be 
more  allied  to  those  of  our  Bracklesham  beds,  or  perhaps  of  some  of 
the  Tertiaries  of  the  Continent.  I  can  see  no  difference  in  the  con- 

dition of  the  fossils  which  would  warrant  the  inference  that  some 
have  been  derived  from  older  beds :  those  that  have  been  referred  to 
Crag  species  are  in  just  the  same  state  as  the  Eocene  forms. 

Eor  the  present,  therefore,  it  would  perhaps  be  well  not  to  com- 
mit ourselves  to  any  theory ;  but  should  clearer  evidence  of  the  Crag 

age  of  the  fossils  be  given,  either  by  the  finding  of  better  specimens 
or  by  the  further  examination  of  those  already  found,  I  shall  be 

glad  to  take  Mr.  Prestwich's  view ;  and  if  this  note  on  the  subject 
should  be  the  means  of  bringing  forward  such  evidence,  by  drawing 
further  attention  to  the  question,  its  author  will  be  as  well  pleased 
as  if  he  could  himself  make  out  the  age  of  the  doubtful  beds. 

I  take  this  chance  of  putting  right  a  mistake  made  in  a  former 

paper  *  (where,  by  the  way,  I  adopted  the  Crag  theory)  in  saying 
that  Mr.  Godwin-Austen  classed  some  outliers  of  sand  on  the  Chalk- 
hills  of  Surrey  as  Lower  Bagshot.  He  has  always  looked  on  them, 
and  on  the  Kentish  outliers  too,  as  Lower  Eocene,  as  also  has  my 
colleague  Mr.  Bristowf. 

§  8.  Conclusion-. 
Prom  what  has  been  said  above,  and  from  a  study  of  the  sec- 

tions in  Plate  XXIL,  we  may  gather  the  following  facts  amongst 
others : — 

1.  That  the  base-bed  («)  is  the  only  constant  part  of  the  Thanet 
Beds. 

2.  That  the  higher  and  fossil-bearing  parts  of  that  series  (d,  e) 
occur  only  in  the  east,  which  partly  explains  why  it  is  often 
very  hard  to  separate  the  Thanet  Beds  from  the  overlying  series  in 
the  eastern  part  of  Kent,  whilst  the  division  is  well-marked  west- 

ward ;  and  that  the  unfossiliferous  sand  (c)  thins  out  on  the  east, 
so  that  the  Thanet  Beds  near  Canterbury  may  be  a  different  thing 
from  the  Thanet  Beds  between  London  and  Bochester. 

;   3.  That  the  bottom-bed  (1)  is  also  constant,  except  in  the  far  east. 
4.  That  above  this  last  there  is  always  a  sand  (2),  a  pebble- 

bed  (2  a),  or  a  mottled  clay  (2  6),  which  replace  one  another. 
5.  That  one  very  thin  bed  (3)  in  the  middle  of  the  Woolwich 

*  Quart.  Journ.  Geol.  Soc,  vol.  xviii.  p.  273. 
t  See  his  note  on  the  subject  at  p.  553. 
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Series  seems  to  occur  right  through  Kent,  at  all  events  through  the 
eastern  division. 

6.  That  the  higher  and  estuarine  members  (4,  5)  of  the  same 
series  occur  only  in  the  western  and  central  parts  of  the  county. 

7.  That  the  pebbles  (j3)  at  the  bottom  of  the  Oldhaven  Beds  (ex- 
cept at  Upnor,  where  there  is  a  little  sand  (a)  below)  are  constant, 

being,  however,  locally  replaced  by  brown  iron-ore  in  some  places 
near  Canterbury. 

8.  That  in  West  Kent  this  series  hes  irregularly  on  that  below, 
whilst  in  the  greater  part  of  East  Kent  the  junction  of  the  tivo  shows 

an  accidental  conformity,  although  the  higher  ̂ xu^ts  of  the  Woolwich 
Beds  are  absent. 

9.  That  it  is  the  lowermost  part  of  each  of  the  three  sets  of  beds 
which  is  the  most  constant,  whether  from  the  denudation  of  the 
higher  parts,  or  from  their  more  local  deposition. 

10.  That  the  true  basement-bed  of  the  London  Clay  is  also  con- 
stant, though  but  poorly  represented  in  East  Kent,  and  that  its  cha- 
racter depends  on  that  of  the  underlying  beds  :  thus,  in  Berkshire, 

where  the  latter  consist  of  clays  and  sands,  it  is  a  loam  (mostly  with 
pebbles) ;  on  the  south-east  of  London,  in  the  neighbourhood  of  the 
thick  pebble-beds,  it  is  a  clayey  pebble-bed ;  and  in  East  Kent,  where 
the  London  Clay  is  underlain  by  sand,  the  lowermost  foot  or  so  of 
the  former  is  sandy. 

11.  That  the  higher  divisions,  the  Oldhaven  and  the  Woolwich 
Series,  are  transgressive  over  the  Thanet  Beds,  and  occur  as  outliers 
on  the  Chalk  at  or  near  its  escarpment ;  so  that  what  has  been 
thought  to  show  an  unconformity  between  the  Chalk  and  the  Ter- 

tiary system  would  seem  rather  to  be  the  result  of  an  uncon- 
formity in  the  lower  part  of  the  latter.  To  prove  the  existence  of  the 

first-named  unconformity  it  is  needful  that  the  lowest  Tertiary  bed, 
the  Thanet  Series,  should  be  present ;  and  I  think  it  has  been  shown 
that  where  it  is  present  (in  Kent)  there  is  as  yet  no  stratigraphical 
evidence  of  unconformity  between  it  and  the  Chalk :  palaeontologi- 
cally  there  is  a  break,  and  from  the  examination  of  a  larger  tract 
of  country  we  may  perhaps  see  some  signs  of  the  unconformity 
which  that  break  leads  us  to  expect. 

EXPLANATION  OF  PLATE  XXII. 

{Illustrative  of  the  ̂ ^  Lower  London  Tertiaries^^  of  Kent.) 
The  vertical  sections  in  the  Plate  very  likely  do  not  show  all  the  changes  in 

the  beds ;  but  I  believe  that  they  show  the  most  important  and  the  best- marked. 
Full  details  cannot  be  given  until  various  Geol.  Survey  Memoirs  are  written. 

The  small  letters  and  numbers  are  the  same  as  those  of  the  respective  beds  in 
the  text. 

No.  1  is  made  up  from  the  many  fine  sections  in  the  Canterbury  and  Reculvers 
district. 

No.  2  is  meant  simply  to  show  the  local  thickening  of  the  pebble-bed  (/3)  at 
Shottenden  Hill. 

No.  3  is  an  abstract  of  a  few  sections  near  Sittingbourne,  and  has  been  partly 
drawn  with  the  help  of  my  colleague  Mr.  Hughes. 

No.  4  is  a  generalization  of  the  great  Upnor  sections. 
No.  5  is  made  from  some  road-cuttings  and  pits  on  the  Cobham  hills. 
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No.  6  is  also  made  up  from  various  sections. 

No.  7  is  a  section  of  the  ballast-pits  at  Charlton. 
No,  8  is  from  the  great  brickyards  at  Loam  Pit  Hill,  the  beginning  of  the 

sandy  pebble-bed  {j3)  being  introduced  from  the  new  railway-cutting  just  east  of 
Lewisham. 

The  others  have  been  drawn  to  show  what  takes  place  westward  of  Kent. 
No.  9  is  a  generalized  section  from  the  London  wells. 
No.  10  is  a  general  section  from  the  London  Clay  to  the  Chalk  in  Berkshire 

&c. 

No.  11  shows  the  westerly  thinning  of  the  London  Clay  and  the  Reading  Beds, 
which  I  have  shown  to  bring  the  Bagshot  Sand  within  20  feet  of  the  Chalk  in 

Marlborough  Forest.  (Quart.  Journ.  G^eol.  Soc.  vol.  xviii.  p.  258.  In  the  diagram 
at  p.  263,  what  are  here  called  Oldhaven  Beds  are  included  in  the  Woolwich 
Series,  see  above,  p.  414.) 

No.  12  is  purely  imaginary,  being  meant  to  show  what  we  might  see  if  the 
London  Tertiary  District  reached  a  few  miles  further  west  than  it  does,  when, 
from  the  thinning  of  the  London  Clay  and  Lower  London  Tertiaries,  it  is  very 
likely  that  the  Bagshot  Beds  would  rest  at  once  on  the  Chalk. 

The  transverse  section  is  simply  a  diagram  to  show  the  way  in  which  the 
Oldhaven  beds  are  transgressive  over  those  below,  until  at  last  they  rest  on  the 

Chalk.    Of  cou]*se  this  section  is  greatly  exaggerated  vertically. 

Apeil  11,  1866. 

The  following  communications  were  read  :■ 

1,  On  the  Examination  of  Brown  Cannel,  or  Peteoleum,  Coal- 
seams  at  Collet  Ceeek,  Liveepool  Plains,  New  South  Wales. 

By  "W.  Keene,  Esq.,  F.G.S.,  Senior  Examiner  of  Coal-fields  of New  South  Wales. 

(In  a  Report  to  Michael  Fitzpatrick,  Esq.,  Under-Secretary  for  Lands,  Sydney.) 

[Communicated  by  Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  F.R.S.,  F.G-.S.] 

Already  acquainted  with  the  succession  of  deposits  visible  in  the 
various  natural  sections  on  the  line  and  in  the  vicinity  of  the  Great 
North  Eoad,  so  far  as  Aberdeen,  I  was  desirous  of  working  out  the 
geological  position  of  the  Brown  Cannel  Coal  (specimens  of  which 
had  been  sent  to  me  from  Liverpool  Plains),  so  that  I  might  be  able 
to  judge  of  the  probability  of  success  in  any  search  for  this  coal  in 
the  district  of  the  Lower  Hunter.  I  therefore  went  to  CoUey  Creek, 
the  station  of  Mr.  Loder,  and  this  gentleman  at  once  offered  to 

accompany  me  and  point  out  the  places  whence  he  had  taken  speci- 
mens identical  in  appearance  with  the  Brown  Cannel  I  had  seen 

from  Hartley. 
From  an  examination  of  the  rocks,  I  was  able  to  determine  that 

the  geological  position  of  this  Brown  Cannel  is  below  the  coal- 
seams  worked  in  the  Newcastle  field — that,  in  fact,  it  forms  the  very 
base  of  our  Coal-measures,  and  in  such  close  contact  with  the  por- 

phyries that  these  latter  are  absolutely  mixed  up  with  the  lower 
portion  of  the  Cannel.  I  found  two  seams  of  workable  thickness, 
tilted  at  a  high  angle,  running  north  and  south,  not  far  from,  and 
parallel  to,  each  other,  both  of  the  same  quality. 

I  was  the  more  desirous  of  determining  the  geological  position  of 
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this  coal,  because  a  large  piece  from  a  block  of  Brown  Cannel  was 
given  to  me  a  short  time  ago,  which  had  been  brought  up  by  the 
buckets  of  the  dredge  working  on  the  Hunter  Eiver,  at  the  shallow 

known  as  Eales's  Plat,  near  Morpeth.  On  my  return  to  Newcastle, 
and  with  the  knowledge  acquired  in  my  examination  at  Colley 

Creek,  I  went  to  Eales's  Mat,  and  had  the  place  pointed  out  to  me 
where  the  dredge  had  been  working;  and  it  is  remarkable  that  I 
found  it  to  be  on  the  line  of  upthrow  of  the  porphyries  from  the 
Williams  Eiver  range  (which  I  had  long  ago  traced  across  the 
Hunter,  near  Morpeth),  being  the  extension  of  the  well-known  Por- 

phyry Point,  the  residence  of  the  late  Dr.  Carmichael.  I  therefore 
conclude  that  the  piece  brought  up  by  the  dredge,  although  a  loose 
block,  must  belong  to  a  deposit  not  far  distant  from  the  place  where 
it  was  found ;  and  research  will  probably  lead  to  the  discovery  of  the 
seam. 

Geologists  have  defined  that,  of  Cannel  Coals,  jet  is  an  extreme 
variety  in  one  direction,  as  hatt  or  carbonaceous  shale  is  in  another ; 
and  the  specimens  which  I  send  will  show  you  that  we  possess  these 
varieties. 

I  have  taken  the  specific  gravities  of  various  specimens  ;  and  the 
richness  in  oily  products  will  probably  be  found  to  decrease  with  the 
augmentation  in  specific  gravity,  the  heaviest  leaving  the  greatest 
amount  of  solid  residue  after  distillation.  The  Hartley  stands  first 
as  of  the  lowest  specific  gravity  ;  that  from  Lake  Macquarie,  a  coarse 

jet,  is  the  heaviest  (having  a  specific  gravity  of  1*5)  ;  and  that  from 

Colley  Creek  shows  but  little  diff'erence  from  the  famous  Boghead Coal  of  Scotland,  of  which  I  am  also  able,  through  the  kindness  of 
Mr.  Donaldson,  to  send  you  a  specimen : — 

Specific  gravity  of  Hartley  Cannel    1*064 
Boghead    1-160 
Colley  Creek     M66 

Dredge       1-190 
Stoney  Creek    1-289 
Lake  Macquarie    L560 

Chapapote  or  Mineral  Bitumen  from  the  Cretaceous  rocks 
of  the  south  of  France     1*158 

Our  ordinary  coals  vary  from  1*3  to  1*4. 

The  small  excess  in  the  specific  gravity  of  the  dredge- specimen 
over  that  of  Colley  Creek  may  be  attributed  to  long  contact  with 
water ;  it  otherwise  looks  of  good  promise  as  a  Petroleum  Brown 

Cannel,  and,  like  that  of  Hartley,  ignites  readily  in  the  candle-flame. 
The  specimens,  with  the  exception  of  the  Chapapote,  are  all  true 

massive  Cannel  Coals;  and  to  call  them  ''Shales'^  is  to  misname 
them. 

Besides  Colley  Creek,  I  heard  of  specimens  having  been  picked  up 
in  other  creeks,  at  many  distant  places,  particularly  on  the  Warrah 
Station ;  and  I  can  have  no  doubt  that  Brown  Cannel  will  be  found 

where  the  porphyries  have  tilted  up  the  Lower  Coal-measures  so  as 
to  render  them  accessible  to  the  miner.  The  Boghead  Coal  of  Scotland 

is  likewise  found  low  down  iu;  if  not  at  the  base  of;  the  Carbonife- 
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rous  series ;  for  we  are  informed  that  it  rests  on  a  bed  of  fire-clay  full 
of  Stigmaria,  and  is  surmounted  by  shale  and  ironstone  with  plants 
and  shells  (Anthracosia).  Sir  Eoderick  Murchison  likewise  states 
that  in  the  Silurian  rocks  of  Eussia  there  are  shales  yielding  25  per 
cent,  of  bitumen  and  a  considerable  portion  of  inflammable  gas, 
and  in  America  solid  bitumen  is  found  in  the  lowest  fossiliferous 
rocks. 

I  am  looking  for,  but  have  as  yet  seen  no  signs  of,  a  petroleum- 
spring.  In  a  geological  report  to  the  State  of  New  York,  on  the 

Seneca  oil-spring  the  Government  geologist  observes,  "  There  is  no 
necessary  connexion  between  oil-springs  and  beds  of  coal." 

Both  in  proceeding  to  and  in  returning  from  Liverpool  Plains,  I 
made  some  deviations  from  the  road,  where  objects  appeared  to  offer 
matters  of  interest. 

Rix's  Creek  is  the  most  northern  colliery  in  work — opened  by 
my  recommendation  on  my  fkst  examination  of  it.  I  descended 
to  the  workings ;  and  it  was  satisfactory  to  me  to  learn  that  the  coal 
is  much  approved  of.  In  every  locality  as  I  went  onwards,  desires 
were  expressed  to  me  that  workable  seams  might  be  found ;  and  the 

Bix's  Creek  Coal  is  actually  carted  as  far  as  Aberdeen,  a  distance  of 
thirty  miles.  I  pointed  out  that  coal  may  be  got  near  the  chain  of 
ponds  close  to  the  railway ;  and  at  Muswelbrook  the  cutting  near  the 
town  has  gone  through  a  seam  of  coal  which,  though  cropping  out 
at  a  high  angle,  will  no  doubt  be  worked  until  further  discoveries 
are  made. 

At  Scone,  near  the  Kingdom  Ponds,  the  plain  is  strewed  with 
fossil  wood ;  and  the  rooted  trunks  of  large  fossil  trees  rising  from 
the  ground  look  as  though  they  were  still  in  their  places  of  growth ; 
whilst  a  natural  section  in  the  bank  of  the  creek  or  pond  close  by, 
bordering  the  estate  of  the  Honourable  the  Secretary  for  Lands, 
shows  the  outcrop  of  the  coal-seam  rising  from  below,  and  regu- 

larly covered  by  the  fossil- bed. 
In  examining  attentively  the  stratum  of  these  fossil  trees,  I  per- 

ceived signs  of  a  marine  deposit ;  and  it  became  a  question  which  of 
the  two  was  the  older,  the  forest  or  the  sea-bottom.  This  was 
soon  solved — a  block  of  coral  built  upon  and  into  the  fossil  wood 
proved  unmistakeably  that  the  forest  and  the  coal  beneath  are  both 
more  ancient  than  the  marine  fossils  covering  them.  This  evidence, 
in  conjunction  with  that  which  I  am  obtaining  from  the  workings  at 
Dalwood  Creek,  will  set  at  rest  the  controversy  as  to  the  age  of  the 
Carboniferous  deposits  of  New  South  Wales. 

About  seven  miles  from  Scone,  on  the  left  bank  of  the  river 
Page,  a  limestone  is  Avorked,  which  I  followed  for  a  couple  of  miles, 
to  where  the  beds  are  laid  bare  over  a  large  surface.  I  procured 
specimens,  which  show  it  to  be  a  rich  oolitic  limestone.  Eluding  it 
to  be  encased  as  it  were  in  a  clay  or  impure  limestone,  I  am  not 
without  hope  that  some  of  the  beds  may  be  found  to  be  of  the  pro- 

portion of  clay  and  lime  which  makes  cement,  and  I  have  given  in- 
structions for  portions  of  these  rocks  to  be  sent  to  me  for  experiment. 

I  found  a  bed  of  calcareous  rock  near  Singleton  and  a  band  of  clay 
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iron-ore  of  the  Coal-measures  below  it,  both  beds  being  above  the 
coal  worked  at  Rix's  Creek. 

Proceeding  onwards  from  Scone,  I  visited  Mount  "Wingen,  where 
abundant  sulphurous  vapours  issue  from  a  coal-seam  on  fire,  killing 
the  trees  in  the  direction  in  which  the  wind  carries  the  vapours ; 
and,  as  the  coal  is  exhausted  by  burning  below,  the  ground  falls  in, 
making  fresh  crevices  for  the  exit  of  vapour.  On  the  walls  of  these 
crevices  sulphurous  salts  are  deposited,  which  are  collected  by  visitors 
and  have  much  local  repute  for  various  uses. 

Approaching  Mount  Murulla,  the  marine  fossiliferous  beds  are  again 
abundant ;  and  as  I  heard  many  different  stories  of  rocks  and  fossils  to 
be  found  on  the  mountain-top,  I  went  to  the  summit,  which  is  about 
2000  feet  above  Murrurundi,  and  nearly  4000  feet  above  the  sea- 
level.  Por  800  feet  of  the  ascent  the  mountain  is  flanked  as  by  a 
wall  of  coarse  conglomerate,  chiefly  of  quartz  pebbles,  in  some  of 
which  I  found  gold.  The  summit  is  a  rough  black  basalt  in  large 
angular  masses,  and  in  such  disorder  as  to  indicate  violent  upheaval. 
The  range  on  the  opposite  side  of  the  narrow  valley  of  Murrurundi 
is  of  like  character ;  but  there  is  sandstone  in  the  valley,  and  coal  is 
reported  to  be  seen  cropping  out  in  the  creeks  on  the  lower  levels. 
I  have  reason  to  believe  that  the  seam  which  is  on  fire  at  Mount 

"Wingen  extends  into  these  levels,  and  will  be  found  where  they  have not  been  disturbed  by  eruption. 
I  purpose  making  an  early  examination  of  the  deposits  of  Brown 

Cannel  at  Hartley  for  my  further  instruction.  Research  wiU  be 
made  in  the  Lower  Hunter  District  for  the  same  mineral  mth  great 
probability  of  success ;  and  meantime  the  Black  Cannel  of  Stoney 
Creek,  and  the  rich  coals  of  Anvil  Creek,  and  the  seams  of 
the  same  group  which  I  am  successfully  opening  at  Dalwood 
Creek  will  probably  commence  to  be  distilled.  I  would  also  direct 
attention  to  the  Inganee  seam,  formerly  worked  at  the  Four-Mile 
Creek,  East  Maitland,  as  a  good  Black  Cannel  of  easy  access. 

There  have  been  considerable  differences  in  the  reports  of  experi- 
ments as  to  the  yield  in  oil  of  one  and  the  same  coal  at  the  hands 

of  different  operators  ;  but  the  process  employed  may  greatly  affect 
the  yield,  and  by  one  mode  there  may  be  driven  off  in  gas  much  which 
may  be  condensed  by  another.  I  know  that  it  is  so  in  the  distilla- 

tion of  turpentine  from  resins ;  and  it  may  be  equally  the  case  in 
obtaining  the  products  from  Cannel  Coal.  I  would  recommend  that 
in  such  experiments  the  gases  be  collected  and  measured  as  well  as 
the  liquids,  and  then  we  shall  be  more  correctly  informed  as  to  the 
qualities  of  the  coals  experimented  upon.  The  oil  in  the  Boghead 

Coal  is  said  to  be  equal  to  75  j)er  cent,  of  its  weight.  "Whatever  the yield  may  be,  the  Hartley  Coal  is  of  less  specific  gravity  than  the 
Boghead,  and  will,  I  have  no  doubt,  if  operated  upon  by  the  same 
means,  give  as  good  results. 
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2.  On  the  Occurrence  and  Geological  Position  of  Oil-bearing 
Deposits  in  New  South  Wales.  By  the  Rev.  W.  B.  Clarke, 
M.A.,  F.G.S. 

[Abridged.] 

1.  Introduction. 

2.  Stony  Creek. 
3.  Colley  Creek. 
4.  Illawarra  Shales. 
5.  River  Nattai. 

6.  Burragorang. 

Contents. 

7.  Fluviatile  Drift. 

8.  Reedy  Creek. 
9.  Colo  and  Grose  Rivers. 

10.  Turon  Drift. 
11.  Bournda. 
12.  Conclusions. 

1.  Introduction. — ^The  author,  after  detailing  the  circumstances  con- 
nected with  the  discovery  of  Cannel  Coal  at  Reedy  Creek,  at  the  base 

of  Mount  York,  and  near  the  line  of  railway  from  Sydney  to  Bathurst, 
gives  a  brief  summary  of  the  various  divisions  of  the  coal-bearing 
beds  of  New  South  Wales ;  these  divisions,  with  their  estimated 

maximum  thicknesses,  are  represented  in  the  following  table : — 
ft.       ft. 

1.  Wianamatta  beds      700  to  800. 

2.  Hawkesbury  rocks    800  to  1000. 

3.  Upper  Coal-measures  (including  Nattai,  WoUondilly,  Illa- 
warra, and  Lower-Hunter  beds)      5000. 

4.  Upper  Marine  beds      3000. 
5.  Lower  Coal-measures       1000. 

6.  Lower  Marine  beds  (with  Lejpidodendron,  Sigillaria,  8y- 
ringodendron,  &c.)    4000. 

7.  Porphyry  and  granitic  rocks  rising  through  slates. 

Further  investigations  will  probably  establish  the  fact  that  marine 
fossils  occur  in  all  divisions  of  the  above  series ;  but  it  has  been 
already  determined  by  indisputable  evidence  that,  notwithstanding 

the  presence  of  Olossopteris,  Phyllotheca,  &c.,  in  the  Coal-measures, 
both  upper  and  lower.  Palaeozoic  fish  range  up  to  and  through  the 
Wianamatta  beds,  and  are  associated  in  great  abundance  with  ferns 
(but  without  Glossopteris)  at  the  junction  with  the  Hawkesbury 
rocks,  in  the  upper  part  of  which  the  same  fishes  are  found. 

OU-bearing  products  have  already  been  found  in  the  third  and 
fifth  divisions.  Of  these.  Black  Cannel  occurs  in  the  latter  at  Stony 
Creek,  near  Maitland,  on  the  Hunter,  Brown  Cannel  in  the  former 
at  Reedy  Creek,  and  Shaly  Cannel  on  American  Creek,  in  Illawara, 
in  various  creeks  running  into  the  WoUondilly  and  Nattai  rivers,  in 
the  Grose  River,  in  Burralow  Creek,  a  feeder  of  the  latter,  and  in 

the  Colo  River.  The  CoUey-Creek  cannel,  which  approximates  to 
that  of  Reedy  Creek,  I  believe  will  also  be  found  to  belong  to  the 

Upper  Coal-measures. 
2.  Stony  Creek. — The  cannel  coals  and  associated  beds  in  this  sec- 

tion occur  in  the  Lower  Coal-measures,  and  are  overlain  by  nearly 
3000  feet  of  fossiliferous  rocks,  dipping  at  the  same  or  a  somewhat 
higher  angle.  Glossopteris  occurs  very  low  down  in  the  series,  which 
has,  by  some  geologists,  been  considered  altogether  of  a  much  older 
date  than  the  formations  which  usually  carry  that  genus  ;   but  Mr. 

VOL.  XXII. — part  I.  2  H 
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Daintree*  has  verified  and  confirmed  the  views  which  I  have  for  years 
been  maintaining,  and  which  have  been  so  surprisingly  combated. 

The  cannel  from  this  locality  has  been  subjected  to  distillation, 
the  produce  of  180  tons  of  it  being  400  gallons  of  crude  oil;  but 
as  the  coke  resulting  from  the  operation  is  considered  to  be  of  ex- 

cellent quality,  it  is  of  more  value  than  would  at  first  sight  appear. 
These  beds  of  cannel  occur  again  on  the  western  side  of  the  anti- 

clinal axis,  and  are,  it  is  supposed,  traceable  to  the  north  bank  of  the 
Hunter,  where  they  also  underlie  the  fossiliferous  marine  beds,  eight 
or  nine  miles  to  the  north-east  of  Stony  Creek  ;  and  from  below  them 
the  lower  marine  beds  begin  to  rise  on  the  slopes  of  the  Tangorin 
Ranges.  The  specific  gravity  of  this  cannel  varies,  as  does  its  composi- 

tion; but  1*281  represents  its  density  in  a  general  way. 
3.  Colley  Creek. — On  the  north  side  of  the  Great  Liverpool  Range, 

a  little  to  the  west  of  the  lolst  meridian  and  80-90  miles  north- 
west from  Stony  Creek,  occurs  Colley  Creek,  in  which  have  been 

found  two  seams  of  a  Brown  Cannel,  of  somewhat  higher  specific  gra- 
vity than  the  black  cannel  of  Stony  Creek.  It  is  very  hke  that  of  Reedy 

Creek,  but  is  full  of  grains  of  quartz,  which  give  it,  in  places,  an 
arenaeous  aspect.  It  occurs  in  blocks,  which  are  superficially 
decomposed  into  a  lighter  substance,  but  where  unaltered  retain  a 
clear  dark-yellowish  or  light-brown  hue,  and  split  with  a  conchoidal 
fracture,  with  a  hard  woody  sound,  when  struck  with  a  sharp  axe  or 
other  edge  tool,  the  substance  being  tough  and  resisting  a  blow 
from  a  round  or  flat  tool.  Mr.  A.  Loder,  on  whose  estate  it  occurs, 
sunk  a  shaft,  and  passed  through  a  series  of  layers  of  black,  partly 
unctuous,  clay,  which  appears  to  result  from  the  decomposition  of 
basaltic  rocks.  A  seam  or  mass  of  the  cannel  was  passed  in  the  midst 
of  these  layers,  which,  like  the  cannel,  contain  numerous,  distinct, 
scarcely  rounded,  grains  of  quartz  ;  and  these  give  to  the  clays  a 
porphyritic  appearance,  so  that  by  sight  alone  one  might  be  led  to 
consider  them  a  decomposed  porphyry.  Between  the  crest  of  the 
Liverpool  Range,  which  is,  on  the  Murrureaidi  Pass,  2500  feet  above 
the  sea,  and  Colley  Creek,  where  the  level  is  not  more  than  1600  feet, 
the  whole  of  the  country  consists  of  conglomerates  and  sandstones,  or 
of  basalt  and  greenstone  with  trappean  alluvial  mud  or  clay. 

The  Liverpool  Plains  he  at  a  higher  level  than  the  valley  of  the 
Hunter;  and  the  Coal-measures  on  that  flank  of  the  Liverpool  Range, 
at  about  1300  feet  above  the  sea,  are  much  disturbed,  and  also  gulUed 

by  drainage-channels.  And  close  to  the  Range  a  considerable  meta- 
morphosis has  occurred  in  the  Carboniferous  rocks. 

It  has  been  asserted  that  porphyry  has  intruded  into  these  seams 
of  Brown  Cannel ;  but  I  confess  I  did  not  see  any  evidence  of  it ;  and 
I  doubt  whether  rocks  which  exhibit  the  clearest  proof  of  being  in 

part  derivative  from  it,  could  be  locally  upheaved  in  the  way  sug- 
gested. Nevertheless  it  is  possible  that  porphyry  may  be  near  at  hand ; 

yet  it  is  very  unlikely  that  it  could  have  any  action  in  saturating  a 
seam  of  coal  or  shale  with  volatile  materials.  It  is  according  to  ex- 

perience, on  the  contrary,  that  if  there  be  any  contact  between  these 

*  '  Geological  Notes  '  by  R,  Daintree,  fiekl-geologist,  Victorian  Survey. 
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seams  and  porphyry,  the  volatile  matter  should  be  dispersed,  and  not 
accumulated ;  and  the  alteration  of  the  combustible  into  anthracite 

or  graphite  would  be  the  most  probable  eifect*.  The  association  of 
porphyry  and  cannel  coal  is  therefore  merely  accidental,  and,  so 
far  as  my  experience  goes,  has  no  bearing  on  the  condition  of  the 
latter.  Assuming,  even,  that  the  CoUey-Creek  cannel  is  in  the 
Lower  Coal-measures,  the  arrangement  is  not  much  affected  thereby, 
for  they  rest  upon  and  are  younger  than  the  porphyry.  Supposing 
heat  to  be  necessary  to  produce  the  natural  distillation  required  for 
saturation  of  deposits  in  situ,  there  is  no  need  to  infer  that  the  sup- 

posed (always  much  exaggerated)  heat  of  granitic  rocks  at  the  time 
of  eruption  can  have  had  anything  to  do  with  it.  It  is  a  fact  also 
that  the  inflammable  cannels  are  limited  in  area,  and  oftentimes 
pass  oif  into  an  ordinary  coal.  The  most  that  can  be  reasonably 
conjectured  on  such  a  change  is,  that  (supposing  no  objections  to  arise 
from  other  principles)  the  volatile  matters  removed  by  distillation,  or 
in  the  change  to  anthracite,  from  one  part  of  a  seam  to  another  part 
of  such  a  seam,  have  found  a  reception  where  no  revolatilization  could 
occur.  But  there  is  no  evidence  to  be  obtained  of  any  such  transfer. 

The  condition  of  Loder's  cannel  would  imply  that  it  had  originally 
been  deposited  in  a  marshy  hollow  of  the  Carboniferous  period,  to 
which  drift  quartz  and  arenaceous  sediment  had  access.  The  grains 
of  quartz  are  certainly  entangled  as  they  would  be  in  a  muddy  or 
viscid  substance. 

The  yield  of  the  CoUey- Creek  cannel  is  60  gallons  per  ton. 
4.  Illaivarra  Shales. — Under  the  escarpment  at  the  head  of  the 

Cordeaux  River  and  a  little  to  the  west  of  it,  and  below  Mount  Kemble, 
in  the  beds  intersected  by  American  Creek,  a  series  of  shales  exist 
with  coal,  a  portion  of  which  are  found  to  produce  oil,  but  in  incon- 

siderable quantity  compared  with  the  Brown  Cannels.  These  schist- 
ose beds  are  arenaceous  in  appearance,  and  when  taken  from  the 

retort,  after  distillation,  are  found  in  lumps  of  charcoal,  not  coaked, 
but  with  a  ligneous  character.  They  will  perhaps  not  be  esteemed 
as  a  source  of  oil.  With  them  are  also  schists  that  have  a  half 

anthracitic  or  graphitic  texture  ;  and  a  long  way  below  their  level, 
which  is  from  900  to  930  feet  above  the  sea,  the  shales  of  the  locally 
lower  coal-seams,  not  far  above  the  junction  with  the  Upper  Marine 
beds,  are  altered  by  basalt,  which  has  also  coked  and  prismatized  the 
coal  in  the  Bollambi  seams.  Here,  then,  though  there  is  some  evi- 

dence of  oil-bearing  schists,  we  find  that  character  not  prominent  in 
association  with  igneous  rocks,  but,  on  the  contrary,  the  anthracitic 
and  graphitic  characteristics  are  well  established. 

The  lUawarra  Coal-measures  are  nearly  the  uppermost  of  the  New 
South  Wales  series  of  coal-bearing  beds,  being  certainly  above  the 
Newcastle  series,  and  they  extend  for  at  least  fifty  miles,  passing 
upwards  to  the  level  of  the  Nattai  or  Fitz  Roy  beds  in  their  exten- 

sion southwards. 
Some  blocks  from  American  Creek  have  been  taken  out,  which  are 

cut  very  easily  with  the  knive,  leaving  a  clay-like  surface,  and  hav- 
"*  See  Delesse,  Metamorphisme  des  roches,  pp.  305-314. 2n2 
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ing  the  usual  woody  sound  wlien  struck.  They  ignite  readily  by  a 
lighted  match.  The  section  exhibits  an  escarpment  of  500  feet  of 
Hawkesbury  rocks  resting  on  800  feet  of  Coal-measures,  which  exhibit 
various  distinguishing  differences  when  compared  with  the  Newcastle 
beds,  and  are  supported  by  the  Upper  Marine  beds,  which  rise  in  a 
dome-like  form,  and  exhibit  an  approach  rather  to  the  beds  immedi- 

ately below  the  Muree  series  than  to  those  of  that  place,  reminding 

one  of  the  deposits  near  Harper's  Hill,  where  basalt,  as  in  the  neigh- 
bourhood of  WoUongong,  intrudes  into  and  disturbs  them,  and  where 

they  are  succeeded  by  just  such  beds  as  mark  the  base  of  the  Coal- 
measures  under  Mount  Keira.  Certainly  the  Newcastle  coal-seams 
are  not  represented  in  the  Illawarra  section ;  but  the  evidence  is 
perfectly  distinct  as  to  the  inflammable  beds  belonging  to  the  upper 
part  of  the  Upper  Coal-measures. 

A  view  has  been  taken  by  some  observers,  of  the  connexion  of  the 
Illawarra  and  Lower  Hunter  coal-beds,  which  would  place  them  in 
the  same  angular  relation  with  the  axis  of  the  basin.  This  I  believe 
to  be  altogether  erroneous.  A  considerable  portion  of  the  eastern 
side  of  it  has  been  entirely  swept  away;  and  traces  of  former  surfaces 
which  must  have  belonged  to  a  wider  area  are  now  apparent  on  the 
summit  of  insulated  points  along  the  coast,  that  can  only  be  accounted 
for  by  admitting  the  destruction  of  considerable  masses.  This  ex- 

planation was  offered  by  myself  many  years  ago,  and  has  been  con- 
firmed by  more  recent  observations.  Others  have  adopted  this  opinion; 

but  they  have  not  coupled  it  with  the  fact,  which  I  consider  capable  of 
clear  establishment,  that  the  Illawarra  and  Newcastle  beds  are  not 

in  the  same  plane.  The  coast-line  is  not  that  of  the  axis  of  the 
basin,  but  cuts  it  obliquely ;  so  that  different  portions  of  the  same 
series  of  beds  are  represented  in  what  would  otherwise  be  about  the 
same  longitudinal  horizon.  Looking  at  the  matter  in  this  way,  the 
strike  of  the  Illawarra  beds  would  appear  to  be  full  25  miles  to  the 
eastward  of  Newcastle,  which  will  account  for  the  existence  of  beds 
in  the  former  district  which  are  not  represented  in  the  latter,  but 
which  were  once  continuous  over  them.  A  further  deduction  from 

this  view  is,  that  parts  of  the  Coal-measures  of  the  Illawarra,  the 
Shoalhaven,  the  Wollondilly,  and  the  Cox  river-basins  are  unques- 

tionably the  uppermost  portions  of  the  great  eastern  coal-field,  the 
middle  and  lower  parts  of  which  are  so  abundantly  developed  in  the 
basins  of  the  Page,  Goulbourn,  and  Hunter  river-basins. 

Were  it  possible  here  to  enter  into  a  close  investigation  of  this 
subject,  by  reference  to  the  evidence  of  the  fossils  collected  from 
the  different  members  of  the  series,  it  could  be  shown  that  the  cha- 

racteristic species  of  the  upper  beds  are  not  altogether  those  of  the 
middle  and  lower,  although,  generally  speaking,  there  are  the  same 
genera  in  all. 

5.  River  Nattai. — The  Upper  Coal-measures  extend  along  the 
heads  of  the  creeks  forming  the  Nattai  Eiver ;  these  creeks  run  in 
deep  ravines,  cutting  the  series  from  the  Hawkesbmy  rocks  down  to 
the  Upper  Marine  beds,  which  come  in  (as  at  the  same  distance  in 
the  Illawarra,  ascending  Mount  Keira)  about  250  feet  beloAV  the  lowest 
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coal-seams.  The  Coal-measures  thence  range  to  the  southward  as  far 
as  the  banks  of  the  Shoalhaven  and  WoUondilly  rivers,  the  older  or 
Hunter- River  beds  cropping  out  from  under  the  upper.  About  the 
heads  of  the  Nattai  the  whole  series  has  been  disturbed  by  the  in- 

trusion of  igneous  rocks  in  the  Mittagong  (or,  rather,  Merrigang) 
Range.  Immediately  upon  the  older  trachytic  diorite  of  the  ex- 

tremity of  the  range,  where  it  attains  an  elevation  of  nearly  2800 
feet,  at  Bourell  or  Gibraltar  Gap,  but  altered  by  more  recent  basalt, 
repose  the  fragmentary  patches  of  the  Hawkesbury  rocks,  covered  by 
the  Wianamatta  black  shales,  in  which  are  a  profusion  of  stems  and 
leaves  of  Phyllotheca,  Cyclopteris,  Sphenopteris,  and  a  new  genus 
having  the  venation  of  Diplazites,  together  with  the  following  generic 
forms  of  fish  : — Myrlolepis,  Cleithrolepis,  Palceoniscus,  and  one  or  two 
others. 

The  shales  which  contain  these  fishes  are  precisely  those  of  the 
fish-beds  of  Campbelltown,  which  also  occur  at  the  junction  of  the 
Wianamatta  and  Hawkesbury  rocks. 

The  insulated  hiUs  in  advance  of  the  Merrigang  form  the  fine 
Mittagong  of  the  aborigines.  One  of  these  summits  slopes  down  to 
the  iron-mine  to  the  south,  and,  at  an  elevation  of  570  feet  above  the 
working  coal-seam  at  its  base,  forms  the  top  of  a  precipitous  escarp- 

ment to  the  north,  at  the  base  of  which  occur  four  seams  of  coal,  from 

some  of  the  shales  of  which  I  procured  Olossopteris  and  M'Coy's  new 
genus  Oangemopteris.  In  the  ravines  to  the  north-west,  about  three 
miles  from  Fitz  Roy,  the  seam  was  found  to  have  thickened  to  38  feet 
6 1  inches,  and  appears  to  have  below  it  a  bed  of  basaltic  greenstone 
(one  of  the  intrusive  dykes  of  the  igneous  outburst  which  exerts  so 
extensive  an  influence  for  many  miles  round  Mittagong)  ;  and  from 
250  to  300  feet  below  all  the  Coal-measures  there  occur  marine  beds 
with  Trochus,  Spirifera,  &c. 

Above  the  great  seam  and  at  the  base  of  Mittagong  is  a  Cannel- 
coal. 

The  Coal-measures  of  this  neighbourhood  are  treated  of  because  they 
belong  to  the  upper  measures,  and  contain  peculiar  beds,  which 
again  present  themselves  on  the  Wollondilly,  where  blocks  of  brown 
oil-producing  Cannel  have  been  found.  Silicates  of  alumina,  and 
coals  full  of  small  cavernous  spots  (the  latter  often  filled  with 
hydrated  oxide  of  iron  in  the  form  of  seeds),  mark  some  peculiarities 
of  these  deposits ;  and  these  again  occur  in  Burragorang,  and  occa- 

sionally further  to  the  west,  about  the  sources  of  the  Cox. 

6.  Burragorang. — This  is  a  local  name  for  the  part  of  the  "WoUon- dilly valley  which  occurs  between  the  junctions  of  the  Nattai  and  the 
Cox  with  the  former  river,  and  the  section  of  which  shows  completely 
that  the  order  of  deposits  is  similar  to  that  of  the  Illawarra  and  Nattai. 
The  Upper  Marine  beds,  which  occupy  the  bottom  of  the  section,  agree 
in  part  with  those  of  Maree,  near  the  junction  of  the  WiUiams  and 
Hunter  rivers,  passing  into  the  next  lower  set  of  beds  in  that 
neighbourhood;  they  support  a  series  of  coal-measures  which  are 
capped  by  Hawkesbury  rocks,   all  resting  apparently  in  a  nearly 
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horizontal  position  on  each  other.     At  the  junction  of  the  Nattai  the 
lowest  beds  are  seen  dipping  only  slightly  to  the  westward. 

Near  the  junction  of  Toonalli  Eiver  a  dry  creek  intersects  the  beds 

of  a  spur  from  Toonalli  Mountain,  locally  called  ̂ 'The  Peak  of 
Teneriffe."  In  this  creek  I  found  in  undisturbed  position  white 
and  blue  shales  with  Glossoj)teris.  The  bottom  and  sides  of  the 
creek  are  encumbered  with  fallen  blocks  from  the  upper  quartzose 
sandstones  and  intermediate  beds  of  similar  kind  below  the  Hawkes- 

bury  beds ;  and  amidst  these  blocks  occur  also  others  of  inflam- 
mable shale  passing  into  Brown  Cannel.  The  seam  was  ascertained 

to  lie  between  900  and  1200  feet  above  the  sea,  and  consequently 
is  not  far  from  the  base  of  the  Hawkesbury  rocks.  There  are  on 
the  flat  at  the  base  of  the  spur  several  water-worn  blocks  of  this 
Cannel  lying  on  the  surface  of  the  ploughed  ground,  which  rests 
upon  a  red  and  yeUow  grit  of  the  Upper  Marine  beds.  These  are 
abont  9  inches  thick,  whereas  up  the  creek  the  blocks  reach  a 
thickness  of  12  or  14  inches.  Only  one  conclusion  can  be  drawn 
as  to  the  blocks  upon  the  flat — namely,  that  they  have  been  drifted 
by  floods  to  their  present  position.  It  is  quite  impossible  that 
they  could  occur  actually  bedded  as  a  coal-seam  with  the  marine 
beds  without  any  accompanying  shales  or  clays ;  and  it  is  equally 
impossible  that  they  can  belong  to  one  seam  highly  inclined,  for 
the  beds  have  a  dip,  if  any,  in  a  contrary  direction  to  the  implied 
upheaval. 

Nearly  opposite  the  mouth  of  the  Nattai,  the  Upper  Marine  for- 
mation attains  an  elevation  of  500  feet  above  the  valley,  so  that 

the  three  successive  groups  of  beds  have  nearly  equal  vertical 

dimensions.  In  a  recess  of  the  ranges  near  the  head  of  Lacy's 
Creek,  the  Middle  or  Coal-measure  series  is  generally  plainly  exposed. 
The  junction  of  the  latter  with  the  Hawkesbury  rocks  is  marked 
by  springs,  and  the  regular  stratification  of  the  beds  both  above 
and  below  this  junction  is  remarkable  ;  their  fall  is  about  100  feet 
in  succession,  until  the  white  shales  are  reached,  where  a  similar 
concealment  to  that  on  the  Tonalli  Eiver  takes  place,  from  detached 
huge  blocks  of  coarse  grits  and  sandstones. 
A  coal-seam,  extremely  Hke  one  of  the  Nattai  seams,  has  strewn 

its  fragments  on  the  ledge  below  the  springs ;  and  blue  shales  and 
mottled  clays  mark  its  position  somewhat  higher  up.  The  blocks 
that  obscure  the  beds  origin,ate  in  a  system  of  three-jointed  planes 
cutting  up  the  beds,  which  are  thus  rendered  capable  of  supplying 
materials  for  a  debacle. 

7.  FluviatiU  Drift. — The  river-bed  and  bottom  of  the  WoUondilly 
valley,  for  a  depth  of  40  feet  and  upwards,  is  covered  by  a  fluvi- 
atile  drift  of  hard  pebbles,  chiefly  porphyritic,  with  very  little 
granite,  (probably  because  it  easily  disintegrates),  some  sandstone, 
and  coal  mingled  with  sand.  This  drift  I  have  traced  along  the 
Warragamba,  and  the  shoulders  of  the  ridges  above  it,  into  the 
Wianamatta  region,  across  the  latter  in  directions  corresponding 
with  the  WoUondilly  and  Goose,  to  Emu  and  Penrith,  and  across 



1866.]  CLARKE   AUSTRALIAN  CANNELS.  445 

the  country  to  Windsor,  Wilberforce,  and  to  the  river  Hawkesbury, 
where,  at  a  distance  of  forty  miles  from  its  river- sources,  this 
drift  is  found  in  solitary  pebbles. 

At  Penrith  there  is  an  accumulation  of  them  to  the  depth  of 
several  feet  on  the  river-bank.  Emu  Plains  and  the  bed  of  the 
Hawkesbury  are  covered  by  them  (and  Lapstone  Hill  takes  its  name 
from  their  presence)  as  high  up  as  400  feet. 

At  Cox's  basin,  where  the  Warragamba  joins  the  Nepean,  there 
is  also  an  island  formed  of  drift,  in  which  porphyry,  hardened  sand- 

stones, and  coal  occur.  But  it  is  remarkable  that  there  is  in  these 
accumulations  very  little,  if  any,  granitic  rock  besides  porphyry,  and 
no  basalt  or  other  trap ;  whilst  in  the  trappean  ash  which  occurs  at 

Cox's  basin  and  in  the  Kowmery  Eiver,  a  feeder  of  Cox's  Eiver,  por- 
phyry and  bastard  granite  are  imbedded. 

Nothing  can  so  clearly  mark  the  origin  of  the  deep  ravines  by 
continual  washings  and  erosions  (probably  after  some  dynamical 
action  had  fissured  the  country)  as  the  fallen  blocks  of  the  plateau, 
and  the  pebbles  which  cover  the  surface  of  the  country  in  the  line 
of  drainage. 

8.  Reedy  Creek. — On  the  eastern  arm  of  the  fork  at  Mount  York, 
which  is  now  called  Mount  Dixon,  there  exists  a  bed  of  very  rich 
iron-ore ;  and  iron  also  occurs  near  the  head  of  the  Reedy-Creek 
valley,  which  extends  to  the  west.  Below  the  ironstone  occur  sand- 

stones, shales,  and  coal-beds ;  but  at  the  level  of  the  valley  the  Cannel 
stretches  across  it,  and  when  I  first  visited  it  seemed  to  consist  of 
blocks  of  from  6  to  12  inches  thick.  Kow  that  the  seam  has  been 

opened  and  worked  into  the  boundary  ranges,  it  is  found  much 
thicker  than  was  anticipated. 

The  section  is  as  follows  : —  feet,  inches. 
Ironstone          0        3 
Shale         1         0 
Eicb  Cannel        4        0 
Cannel  Coal,  less  rich          0        6 

5        9 

The  Cannel  dips  about  east  by  north  at  from  \°  to  2°,  or  about  1 
in  35  ;  in  places  it  is  fuU  of  fronds  of  Glossopteris,  and  a  plant 
branching  after  the  manner  of  Aster ophylUtes,  which  lies  in  perfect 
unrumpled  order ;  it  also  puts  on  a  prismatic  structure,  and  has 
a  flat  but  well-marked  conchoidal  fracture.  The  shales  are  im- 

pressed with  Vertehraria,  Glossopteris,  and  Gangemojpteris  (M'^Coy). 
The  Cannel  passes  into  true  bituminous  coal  in  parts  of  its  course ; 
and  the  shales  in  contact  are  earthy,  but  very  inflammable.  The 
toughness  is  remarkable.  The  produce  of  the  rich  Cannel  is  from 
150  to  160  gallons  of  oil  (realizing  100  gallons  of  pure  oil)  and  from 
1700  to  1800  cubic  feet  of  gas  to  the  ton.  This  seam  appears,  by 
borings  commenced  in  the  vicinity  of  Mount  Victoria  and  to  the  east 
of  the  flrst  workings,  to  be  extremely  variable  in  dimensions  and 
composition.  At  the  Sugar-Loaf,  part  of  the  Mount  Victoria  range, 
a  seam  was  pierced  which  is  but  2  feet  thick.     It  is  supposed  to  re- 
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present  the  Reedy-Creek  seam ;  but  as  it  is  300  feet  or  so  above  that 
level,  it  would  rather  belong  to  the  coal-seam  at  the  height  of  3000 
feet  on  Mount  York.  A  further  discovery  of  Cannel,  but  not  so  rich 
as  the  original,  has  been  made  south  of  the  foot  of  Mount  Yictoria, 
in  two  spots  where  the  Cannel  proved  to  be  from  15  to  18  inches  and 
21  inches  thick  respectively.  It  is,  so  far  as  is  at  present  known, 
quite  clear  that  these  seams  are  in  patches,  and  not  of  uniform  thick- 

ness ;  and  consequently  it  would  be  premature  to  build  expectations 
of  any  kind  as  to  the  extent  in  space  occupied  by  them. 

9.  Colo  and  Grose  Rivers. — The  existence  of  Cannel  of  the  Reedy- 
Creek  kind  is  not  altogether  confined  to  the  western  side  of  the  pla- 

teau ;  for  in  the  Colo  River  and  in  the  Grose  also,  and  in  the  Burralow 
Creek,  which  flows  to  the  latter  from  the  Xurrajong,  rounded  pebbles 
of  Brown  Cannel  have  been  found,  as  I  learn  from  my  field-notes 
made  many  years  ago,  and  from  specimens  more  recently  collected. 

Both  the  Colo  and  Grose  flow  through  gorges  and  ravines  like 
those  of  the  Nattai  and  WoUondilly,  but  not  so  accessible  as  the 
latter.  As  there  are  considerable  deposits  of  coal  about  Wolgan, 

Capertu,  and  Cherry-tree  Hill,  where  there  is  a  seam  10  feet  thick, 
it  is  not  improbable  that  the  Colo -drift  Cannel  may  have  come  down 
from  the  higher  parts  of  the  river. 

In  the  places  mentioned  above,  the  same  genera  and  species  of 

plants  which  occur  in  the  Coal-measures  of  the  Nattai  and  WoUon- 
dilly are  also  found;  and  these  same  fossils  are  abundant  in  the 

shales  at  the  head  of  the  Tui^on,  and  also  at  the  head  of  the  Cox, 
and  under  Hassan's  Walls  and  Mount  Clarence ;  so  that  the  Upper 
Coal-measures  are  everywhere  distinguished  in  the  area  under  review. 

It  is  quite  clear,  therefore,  that  the  Oil-hearing  shales  and  Can- 
nels  are,  in  the  eastern  Coal-Jield  of  New  South  Wales,  entirely  con- 
fined  to  the  upper  group. 

10.  Turon  Drift. — About  Bowerfells,  and  at  Brucedale,  on  the 
Winbumdale  rivulet  (near  Bathurst),  there  is  a  drift  of  another  kind 
from  that  of  the  rivers  over  the  Wianamatta  beds.  It  consists  of  frag- 
ments,much  rounded,  of  yellow  sandstone,  full  of  Spirifera,  Orthis,&e. 
It  was  not  until  very  recently  that  I  ascertained  the  source  of  these 
fragments.  Some  distance  below  the  head  of  the  Turon  River  there 
is  a  place  called  the  Gun,  which  is  surrounded  by  ranges  fully  1000 
feet  high ;  the  bottom  of  the  gulf  is  formed  of  slates,  from  which 
the  gold  of  Sofala  has  been  derived ;  and  over  them  occurs  a  ferru- 

ginous conglomerate,  which  is  succeeded  by  thick  beds  of  the  Bra- 
chiopod-sandstone,  over  which  come  in  conglomerates,  shales,  sand- 

stones, and  the  coal  of  Cherry-tree  Hill,  surmounted  by  the  Hawkes- 
bury  rocks.  In  the  drift  of  the  Turon,  about  Sofala,  occur  blocks 
of  hardened  sandstone  impressed  with  Lepidodendron. 

In  like  manner  the  Brachiopod-bearing  sandstone  is  strewn 
about  in  the  river-drift  of  the  Moruya  to  the  southward,  from 
which  it  is  to  be  inferred  that  the  whole  of  the  groups  connected 
with  the  Carboniferous  formation  have  been  broken  up  and  dis- 

persed. Where,  however,  the  Hawkesbury  rocks  cover  them,  the 
Upper  Coal-measures  are  in  some  degree  protected. 

The  success  which  appears  to  have  attended  the  working  of  the 
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E-eedy-Creek  Cannel  has  excited  so  much  interest  that  all  kinds  of 
substances  have  been  forwarded  for  examination,  and  among  them 
black  clays  from  various  parts  of  Manearo,  some  of  which,  on 
analysis,  have  shown  the  proportion  of  ash  to  volatile  and  carbo- 

naceous matters  to  be  as  77  to  23. 

11.  Bournda. — There  is,  however,  another  kind  of  deposit  which 
demands  notice. 

The  coast,  for  many  miles  to  the  northward  of  Cape  Howe,  is 
formed  of  rocks  which  belong  to  the  Lower  Silurian  formation, 
and  consist  principally  of  purple  schists  with  quartz  veins  and 
with  some  beds  of  purple  slate  and  sandstones.  Along  the  shore, 
as  just  north  of  Eden,  at  Pambula  and  Meribula,  beach-lakes 
occur,  and  some  of  those  further  to  the  northward  are  partly 
blocked  by  sand.  At  Bournda  there  is  a  tract  of  country  in  which 
formerly  a  lake  or  lagoon  existed.  It  is  now  not  altogether  dry ; 
and  though  not  much  timber  exists  there,  there  is  a  considerable 
growth,  on  the  dried  surface,  of  that  peculiar  vegetation  which 
clings  to  a  soil  made  up  of  sand  and  marsh.  The  coast-hne  inter- 

sects the  deposits  which  form  the  base  of  this  tract,  and  which 
rest  upon  the  highly  inclined  purple  slates,  granite  occurring  at  no 
great  distance.  The  age  of  the  deposits  is  probably  of  the  recent  period. 
There  is  no  evidence  of  any  Tertiary  epoch ;  yet  it  has  some  resem- 

blance to  a  Brown  Coal  deposit. 
A  section  of  60  feet  of  the  cliff  at  Bournda  gives  the  following 

succession  of  deposits : — 
1.  White  decomposed  granite  full  of  rounded  bits  of  quartz  like  that  of 

granite. 
2.  Rather  more  yellowish  decomposed  granite,  of  like  kind,  with  roots  of 

recent  plants. 
3.  Very  gritty  pale  deposit  with  woody  matter. 
4.  Yellowish,  and  occasionally  reddish,  sand  (in  the  condition  of  dune  sand), 

with  partly  abraded  particles  of  quartz. 
5.  Greyish-white  clay,  strongly  adherent  to  the  tongue,  with  recent  plant- 

fragments. 
6.  White,  fine,  friable,  very  slightly  gritty  clay  of  a  kaolin  character,  pro- 

bably useful  for  fire-clay  and  pottery. 
7.  Blackish  muddy  laminated  deposit,  full  of  vegetable  patches,  much  iron- 

pyrites,  and  some  lignite. 

8.  Dark  yellowish-brown  laminated  deposit,  1  foot  thick — the  "Bournda" 
so-called  "  lignite,"  being  a  clay -bed  saturated  with  volatile  matters,  resting  on — 

9.  A  partly  reddish,  partly  brown,  sandy  and  earthy  deposit,  with  an  abun- 
dance of  small  quartz  pebbles. 

The  lower  part  of  the  deposit  has  been  entered  to  the  extent  of 
fifteen  yards ;  it  is  found  to  be  four  feet  thick,  and  has  been  sub- 

jected to  chemical  analysis.  It  seems  to  have  been  a  mud  satu- 
rated with  oily  ingredients,  and  is  highly  inflammable.  It  is  not 

altogether  a  true  peat,  but  may  be  regarded  as  such,  having 
probably  had  a  similar  origin  and  afterwards  been  covered  by 
flood-detritus  brought  down  from  the  ranges.  None  of  the  sand- 
or  clay-deposits  exhibit  any  evidence  of  calcareous  matter;  the 
explanation,  therefore,  of  its  lacustrine  origin  on  the  land  is  pro- 

bably the  correct  one. 
A  year  ago  I  received  from  a  creek  about  forty  miles  north  of 
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Bournda  a  white  waxy  mineral,  which  comes  very  near  "  Bog  But- 
ter" in  appearance  and  chemical  composition.  Probably  this  was 

a  peaty  product,  and,  as  such,  is  in  correspondence  with  the  Bournda 
deposit,  to  which  latter  it  is  difficult  to  assign  either  the  name  of  peat 

or  lignite.     I  have  called  it  "  bog  stuff." 
The  following  results  of  distillation  assign  its  actual  character : — 

r  Clay  and  sand    15'60 
Eesidue   \  Other  inorganic  matter       068 

[Carbon          8-75 
Tt-     -a  /Water     48-00 

Volatile  Products  \  '^'^'''^  1  Tar-oil       8-00 
[Oaseous      19-00   100-03 

The  tar-oil  is  butter-like  and  viscid,  but  it  contains  a  proportion 
of  what  is  called  solar  oil,  lubricating  oil,  and  paraffin,  to  the  amount 
of  35  per  cent. 

The  gas  was  at  first  bluish  at  low  temperatures,  but  became  after- 
wards white,  and  very  offensive  from  sulphuretted  and  phosphor- 

etted  hydrogen. 
It  may  be  suggested  that,  mixed  with  the  better-class  coal  of 

New  South  Wales,  it  is  hkely  to  be  valuable  for  the  production  of 
gas.  It  has  been  ascertained  by  actual  experiment  that  three  tons 
of  this  Bournda  deposit  are  equal,  in  the  manufacture  of  sulphuric 
acid,  to  two  tons  of  coke. 

12.   Conclusions. — The  chief  conclusions  arrived  at  are : — 
1.  That,  with  the  exception  of  the  Stony  Creek  Cannel,  all  the 

oil-producing  deposits  occur  in  the  Upper  Coal-measures  ;  and  that 
the  Cannel  of  Stony  Creek,  on  the  river  Hunter,  occurs  in  the 
Lower  Coal-measures,  which  are  above  the  Lower  Marine  beds  with 
Trilobites,  below  which,  again,  are  numerous  fossiliferous  beds  before 
the  porphyry  is  reached. 

2.  That  the  Cannel  belongs  to  beds  in  which  Glossopteris  occurs, 
and  therefore  may  be  a  slight  additional  evidence  of  their  antiquity, 

as  it  is  an  analogue  of  the  "  Bog  Head"  Cannel  of  Scotland. 

3.  BemarTcs  on  the  Copper-mines  of  the  State  of  Michigan. 
By  Hilary  Baijerman,  Esq.,  P.G.S. 

Contents. 

1.  Introduction. 
2.  Structure. 
3.  Metallic  Minerals  of  the  District. 

4.  Mode  of  Occurrence  of  the  Copper. 
5.  Distribution  and  Association  of  the 

Copper. 

6.  Mines  of  the  Northern  District. 
7.  Ontonagon  District. 
8.  Paragenesis. 
9.  Origin  of  the  Copper. 

1.  Introduction. — The  remarks  contained  in  the  following  pages  are 
the  results  of  a  general  examination  of  the  mines  of  Kcwecnau  Point, 
made  during  the  summer  of  1865  ;  and  although  the  subject  is  not  a 
new  one,  having  been  elaborately  treated  by  Professor  Whitney  in  two 
different  works,  and  having  received  subsequent  notices  from  Messrs. 
Eivot,  Borie,  and  others,  still  the  progress  of  mining  enterprise  has 
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opened  up  some  new  features  which   have  not  as  yet  received  any 
notice,  and  may  be  of  interest  to  the  Society. 

The  copper-mining  district  of  Michigan  is  situated  in  the  upper 
peninsula,  or  north-western  portion  of  that  State,  forming  a  nar- 

row belt  of  country  about  140  miles  in  length,  extending  in  a 

north-easterly  and  easterly  direction,  from  the  boundarj'-  of  the  State 
of  Wisconsin  to  the  end  of  Keweenau  Point,  the  promontory  of 
which  projects  into  Lake  Superior  on  the  southern  shore,  about  mid- 

way between  Eond  du  Lac  and  the  outlet  of  the  lake  at  Sault  S. 
Marie. 

2.  Structure  of  the  District. — The  rocks  of  the  district  consist  of 
coarse  sandstones  and  conglomerates,  occupying  either  shore,  with  a 
central  mass  of  trappean  rocks,  which  forms  the  mineral  range  proper. 
The  sandstones  on  the  eastern  side  have  a  south-easterly  dip,  while  the 
traps,  which  are  well  stratified,  and  include  several  conformable  beds 
of  conglomerate,  together  with  the  overlying  sandstones  and  conglo- 

merates of  the  western  and  northern  shores  of  Keweenau  Point,  dip 
towards  the  north  and  north-west,  or  generally  at  right  angles  to 
the  trend  of  the  land. 

The  surface  of  the  country  is  for  the  most  part  covered  with  a 
dense  forest,  interspersed  with  small  lakes  and  swamps.  In  the 
drier  ground  maple  is  the  prevailing  timber,  with  spruce,  pine,  and 
oak,  in  less  quantity.  Cedar  is  common  in  the  swamps,  which  are 
also  remarkable  for  their  profuse  growth  of  enormous  plants  of 
Osmunda  cinnamomea  and  other  large  ferns  characteristic  of  wet 
ground. 

In  the  northern  district,  and  as  far  west  as  Eagle  Eiver, 
the  rocks  are  free  from  cover,  the  sandstones  and  conglome- 

rates on  the  north  shore  forming  a  steeply-scarped  cliff,  sur- 
mounted by  gently  sloping  inclines  on  the  upper  surface  of  the 

beds.  At  Copper  Harbour  the  face  of  the  escarpment  of  one  of 
the  conglomerates  is  so  very  regular  that,  owing  to  the  wood 
having  been  burnt  off,  it  may  be  traced,  forming  a  perfect  wall 
without  break,  for  several  miles.  Further  to  the  westward,  however, 
the  geology  becomes  very  obscure  on  account  of  the  drift,  which  ex- 

tends from  near  Eagle  Eiver  to  the  extreme  point  of  the  district 
beyond  the  Ontonagon,  and,  in  greater  or  less  thickness,  effectively 
covers  up  the  rocks  below.  This  drift  is  composed  of  a  stiff  blue  or 
reddish  clay,  passing  up  into  sands  or  gravels,  and  in  places  is  full 
of  angular  or  scratched  stones.  It  is  of  great  thickness  in  some 

places — as,  for  instance,  at  the  Naumkey  mine,  on  the  south  side  of 
Portage  lake,  where  a  shaft  was  abandoned  from  excessive  influx  of 
water,  after  100  feet  of  sand  had  been  sunk  through  without  reach- 

ing the  rock.  Sections  of  contorted  drift  are  seen  in  considerable  num- 
bers in  the  drift  plateau  which  forms  the  belt  of  country  below  the 

Minnesota  hills  and  the  lake-shore  near  Ontonagon.  The  surfaces 
of  the  rocks  immediately  below  the  drift  are  often  scored  and  striated 
by  ice,  the  furrows  being  sometimes  of  extraordinary  size — for  in- 

stance, at  the  Concord  mine,  on  Portage  Lake,  where  they  are  nearly 
semicircular  and  about  1|  inch  deep.      The  general  direction   of 
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the  glacial  striations  is  about  north  and  south ;  and  the  drift  occasion- 
ally contains  Upper  Silurian  fossils,  which  have  been  derived  from 

the  country  between  the  north  shore  of  Lake  Superior  and  Hudson's Bay. 

Prom  the  preceding  remarks  on  the  nature  of  the  surface,  it  may 
be  understood  that  the  order  of  sequence  of  the  rocks  is  not  as  yet  quite 
conclusively  determined,  and  that  therefore  there  may  be  some  doubt 
as  to  the  proper  age  to  be  assigned  to  them,  fossils  being  absent  on 
Keweenau  Point.  Where  the  rocks  are  bare,  the  section  has  been 
well  made  from  shore  to  shore  by  Mr.  W.  H.  Stevens ;  and  they  are 
shown  to  be  in  conformable  sequence  from  east  to  west.  At  Portage 
Lake  the  lower  boundary  of  the  trap  is  hidden;  and,  indeed,  researches 
subsequent  to  those  of  Messrs.  Poster  and  Whitney  have  shown 
that  more  ground  is  included  within  the  trappean  range  than  is  laid 
down  on  their  map.  In  the  original  survey  of  Messrs.  Foster  and 
Whitney,  these  beds  were  assigned  to  the  Potsdam  or  Lowest  Silurian 
group  ;  but  subsequent  investigations  have  led  Prof.  Hall  and  Sir 
W.  E.  Logan  to  refer  them  to  a  somewhat  higher  level,  or  in  the 

Quebec  group — the  former  geologist  having  determined  that  the 
mass  of  the  sandstones  of  the  Sault  S.  Marie  and  the  south-eastern 

shore  of  the  lake  are  equivalent  to  the  Saint  Peter's  sandstones  of 
Minnesota,  forming  probably  part  of  the  Chazy  formation*.  On  the 
Canadian  side  of  the  lake,  the  traps  are  penetrated  by  intrusive 
dykes  which  do  not  aifect  the  overlying  sandstones ;  but  there  is  no 
good  evidence  of  asimilar  unconformity  in  the  upper  beds  of  Keweenau 
Point,  as  no  transverse  dykes  are  seen.  I  have  examined  the  junction 
of  the  traps  and  sandstones  at  three  different  points — namely,  at  Port- 

age Lake,  Copper  Harbour,  and  Eagle  River.  In  the  latter  case  the 
junction-surface  was  perfectly  smooth,  without  any  indication  of 
intrusion ;  while  in  the  two  former  a  few  small  irregular  veins,  filled 
with  a  red  jaspery  substance,  are  given  oJff  from  the  traps,  and 
penetrate  the  sandstones  and  conglomerates  to  the  depth  of  a  few 
inches ;  but  this  evidence  is  too  inconsiderable  to  have  much  weight, 
in  view  of  the  abundant  proofs  of  conformable  stratification  derived 
from  the  regular  alternation  of  the  conglomerates  with  the  igneous 
rocks. 

The  central  trappean  belt,  forming  the  mineral  range  proper, 
varies  in  width  from  2  to  3  miles,  and  extends  throughout  the 
whole  length  of  140  miles,  passing  into  the  neighbouring  State  of 
Wisconsin.  The  prevailing  rock  is  mineralogically  a  dolerite,  or 
mixture  of  felspar  (labradorite),  hornblende,  and  augite,  with  chlorite, 
epidote,  calcite,  and  magnetite  as  occasional  constituents.  It  is 
usually  of  a  dark-brownish -red  or  chocolate  colour,  mottled  vrith 
green  or  black  by  the  chloritic  material,  but  occasionally  becomes 
bright  green,  or  even  sulphur-yellow  when  epidote  prevails,  as  is 
the  case  in  the  Ontonagon  district. 

More  important,  however,  than  the  mineralogical  constitution  of 
the  traps  is  their  physical  structure,  which  varies  considerably,  the 
commonest  condition  being  compact,  with  finely  granidar  fracture, 

*  Geology  of  Canada,  pp.  84-85,  Atlas,  p.  19. 
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with  only  a  few  small  empty  vesicles,  the  joints  being  irregularly 
disposed,  giving  fragments  of  no  defined  forms.  Near  Eagle  Har- 

bour a  well-marked  columnar  bed  is  seen,  which  has  been  traced  for 
several  miles.  Another  more  important  bed  of  a  crystalline  character 

occurs  a  little  lower  down.  This  is  the  so-called  "greenstone,"  a 
finely  crystalline  rock  without  Vesicles,  which  appears  to  be  nearly 
homogeneous,  and  of  a  dark  green  colour  on  a  freshly  fractured 
surface ;  but  a  concretionary  structure  is  brought  out  by  weathering, 
the  exposed  surface  presenting  a  finely  mammillated  appearance. 

The  thickness  of  this  bed  is  from  500  to  800  feet,  according  to* 
Whitney ;  and  where  present  in  force  it  forms  a  well-marked  feature 

in  the  scenery,  the  escarpment  being  in  fact  the  "  cliif "  after  which 
the  oldest  and  most  successful  of  Lake  Superior  mines  is  named.  It 
has  been  traced  from  the  Point  eastward  for  about  40  miles,  and  is 
used  to  divide  the  mass  of  the  trap  into  the  northern  and  southern 
ranges — a  distinction  that  cannot  be  established  in  the  Portage  Lake 
district,  where  the  greenstone  is  absent,  or  covered  up  with  drift. 

Scattered  through  the  massive  trap  are  beds  of  amygdaloidal 
character,  containing  cavities  that  have  been  subsequently  filled,  by 
infiltration,  with  foreign  minerals,  usually  zeolite  and  calcspar,  with 
chlorite,  epidote,  and  native  copper  in  the  mineral  range ;  whereas 
chalcedonic  amygdules,  agates,  and  similar  siliceous  substances 
characterize  the  amygdaloids  of  the  higher  or  Lake- shore  traps  at 
Eagle  Harbour,  Copper  Harbour,  and  Agate  Harbour,  &c. 

3.  Metallic  Minerals  of  the  District. — In  addition  to  the  native  metal, 
other  copper-bearing  minerals  have  been  observed,  but  only  in  small 
quantity :  these  include  a  rare  substance  called  Whitneyite  (which 
is  the  most  basic  of  the  known  components  of  copper  and 
arsenic,  its  composition  being  represented  by  the  formula,  Cu  18,  As, 

with  88-36  per  cent,  of  copper,  and  11-64  per  cent,  of  arsenic), 
copper  glance,  and  the  various  oxidized  ores,  such  as  chryso- 
colla,  malachite,  azurite,  cuprite,  and  melaconite.  The  latter  mi- 

neral, although  not  of  present  importance,  is  of  interest  as  having 
laid  the  foundation  of  mining  industry  in  the  country,  the  first  ope- 

rations of  the  Cliff  Company  in  1847  having  been  upon  a  vein  in  the 
upper  conglomerates  of  Copper  Harbour,  which  produced  about  2^ 
tons  of  mixed  silicates  and  black  oxide  of  copper,  being  the  only 
instance  in  which  a  deposit  of  any  extent  has  been  found  in  the  top 
beds.  Copper  glance  has  been  found  in  small  quantities  in  a  vein 
at  the  Huron  mine  on  Portage  Lake,  and  more  abundantly  at  the 
Mendola  mine  near  Lac  la  Belle,  in  the  lower  or  southern  portion  of 
the  mineral  range,  which  is  now  being  explored  in  a  regular  manner. 
The  arsenide  occurs  in  a  quartz  vein  at  the  Sheldon  Columbian  mine, 
and  in  an  unworked  deposit  on  the  Lexington  location  south  of 
Portage  Lake,  where  it  has  been  got  in  masses  of  several  hundred- 

weights. This  mineral,  although  rare,  is  of  interest,  as  it  also  occurs 
in  the  copper-mines  of  Chili. 

4.  Mode  of  Occurrence  of  the  Copjper. — In  addition  to  its  presence 
in  the  amygdaloids,  copper  is  found  in  one  of  the  conglomerates 
associated  with  the  trap  rocks,  finely  interspersed  in  the  more  epi- 
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dotic  portions  of  the  latter,  and  in  two  classes 
of  true  lodes, — one  of  which  crosses  the  strata  at 
right  angles  to  their  strike,  forming  the  so-called 
fissure-veins  of  the  Keweenau  Point  and  Eagle 
Eiver  districts ;  while  the  other  includes  such 
veins  as  run  with  the  formation,  and  are  found 

in  the  Ontonagon  district.  These  are  very  irre- 
gular in  character ;  and  the  fact  of  their  being 

veins  can  only  be  made  out  by  their  relations  to 
the  containing  rocks  as  developed  in  deep  work- 

ing, the  surface  appearance  being  that  of  irre- 
gular masses  of  epidote -breccia,  continually 

varying  in  thickness,  although  capable  of  being 
traced  for  considerable  distances.  In  the  fissure- 
veins  the  metal  occurs  in  comparatively  smooth 
platy  masses,  of  all  sizes,  and  comparatively  free 
from  intermixed  rock ;  while  in  the  Ontonagon 
lodes  the  masses  are  rough  and  on  a  very  large 
scale,  arborescent  in  form,  and  usually  contain 
large  adherent  and  included  fragments  of  the 
vein-stone — a  breccia  of  epidotic  rock  and 
quartz ;  but  in  either  case  they  may  attain  a 
great  size,  and  at  times  a  weight  of  several 
hundred  tons.  In  the  cupriferous  amjgdaloids 
of  Portage  Lake,  masses  of  great  size  are  not 
found,  the  largest  being  that  discovered  about 
two  years  since  in  the  Mesnard  location,  which 
weighed  about  18  tons,  and  lay  loose  on  the 
drift  covering  the  rock.  In  addition  to  the 
masses,  thin  sheets  of  metal  are  common  wherever 
narrow  transverse  cracks  occur  in  the  rock, 
either  forming  masses  of  tangled  crystals  with 
a  serrated  edge,  or,  when  of  large  size,  being 
more  compact  and  not  unlike  worn-out  copper 
sheathing.  The  metallic  kernels  of  the  amyg- 
daloids  are  rarely  solid,  but  form  thin  shells 
moulded  to  the  wall  of  the  cavity,  or  to  the 
crystals  of  some  mineral  previously  deposited, 
usually  carbonate  of  lime.  In  the  conglome- 

rates, in  like  manner,  the  metal  usually  incrusts 
the  pebbles,  sometimes  completely  investing, 
but  never  entirely  replacing  them.  When  cry- 

stallized in  its  oAvn  form,  the  copper  has  also  a 
great  tendency  to  appear  in  hollow  crystals,  the 
simplest  solid  forms  being  formed  in  the  hol- 

lows of  the  larger  masses.  A  fine  example  of 
this  has  been  recently  furnished  by  the  great 
mass  of  the  central  mine,  which  on  one  of  the 
cuts  disclosed  a  druse  full  of  nearly  perfect 

crystals  of  tetrahedral  form,    without  any  se- 
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condary  planes.  The  finest  crystallized  varieties  are,  as  a  rule,  ob- 
tained from  the  Ontonagon  district,  and  generally  are  more  abundant 

in  newly  opened  mines  than  in  those  which  are  worked  at  greater 
depths. 

In  the  Porcupine  Mountains,  to  the  west  of  the  Ontonagon  River, 
a  compact  epidote  rock  is  found  containing  copper  in  such  a  very 
finely  divided  state,  that  it  has  hitherto  been  impossible  to  work  it 
advantageously.  Native  silver  is  found  to  a  small  extent,  either 
crystallized  in  arborescent  forms,  or  irregularly  spotted  through  the 
copper,  the  line  of  separation  between  the  two  metals  being  well 

marked  in  polished  specimens.  The  Cliff"  and  Minnesota  mines  have 
produced  the  largest  amount  of  the  precious  metal,  the  absolute 
production,  however,  being  but  small ;  and  scarcely  any  portion  of 
what  is  found  comes  into  the  hands  of  the  mining  adventurers, 
except  a  few  pounds  which  are  annually  got  by  hard  picking  from 
the  coarser  sizes  of  the  dressed  mineral.  The  larger  pieces  find  their 
way  into  the  hands  of  dealers  and  collectors,  the  earlier  miners 
having  appropriated  them  to  their  own  use,  and  the  precedent  has 
been  persistently  followed  ever  since. 

5.  Distrihiition  and  Association  of  the  Copper. — Among  the  three 
classes  of  deposits  in  which  the  mines  are  worked,  the  most  important 
are  the  stratified  amygdaloids,  which  will  therefore  be  first  considered. 
They  are  confined  to  the  district  of  which  Portage  Lake  (an  inlet 
which  nearly  cuts  the  Peninsula  into  two  parts)  is  the  centre.  The 
oldest  mines  are  on  the  southern  or  Houghton  side  of  the  lake,  so 
called  from  the  town  or  village  named  after  the  geologist  who 
examined  the  country ;  while  the  newer  and  more  important  ones 
are  on  the  northern  side,  above  the  village  of  Hancock.  The  banks 
of  the  lake  on  either  side  rise  steeply  from  the  water  to  a  height  of 
from  400  to  600  feet ;  the  dressing-fiows,  being  placed  close  to  the 
water,  receive  the  ores  from  the  mines  (which  are  located  on  the  high 
tablelands  above)  by  means  of  railways  and  inclined  planes.  Taking 
the  extreme  north  and  south  mines  as  limits,  the  district  has  a 
length,  measured  along  the  strike  of  the  trappean  belt,  of  about  9 
miles,  and  a  breadth  of  from  3  to  5  miles.  The  general  section, 
showing  the  position  of  the  copper-bearing  beds,  is  as  shown  in 
Fig.  1.  The  series  of  beds  indicated  are  amygdalous  traps,  which  con- 

tain more  or  less  copper  in  the  cavities,  and  are  regularly  mined  under 

.  Pig.  2. — Section  from  the  Peiuahic  Lode  to  the  Albany  and 
Boston  Conglomerate  (530  feet). 

Albany  &  I   ̂  .    fll4# 
PewabicLode,  Old  Pewabic  Green  Amygdaloid     Boston     ̂ -^45  ̂ (2  c  2« 

12  ft.  Lode,  32  ft.  Lode,  19  ft.  Lode,  7  ft.  p^3  w  ̂   S  Q  §  ® 

'J^Ml£^2y.d^^/^^ 

the  name  of  "  lodes."     In  the  uppermost  or  Hancock  series,  only 
one  mine  is  opened,  bearing  the  same  name.     The  ground  is  more 
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irregular  than  is  usual  in  the  lower  beds,  three  different  belts  of 
metalliferous  rock  being  known.  The  principal  one  is  24  feet  thick, 
without  any  defined  walls;  and  about  one-half  of  it  is  workable  :  the 
drivage  is  done  on  the  upper  or  hanging  wall,  which  often  presents 
a  laminated  appearance  from  the  occurrence  of  strings  of  calcspar, 
testing  cross-cuts  being  driven  into  the  vein  below  at  intervals;  the 
copper  mass  is  chiefly  on  the  lower  or  foot- wall  side,  the  upper  part 
being  a  hard  compact  trap.  The  yield  of  the  rock  sent  to  the  stamps 
in  1864  was  about  272  lbs.  per  cubic  fathom,  equal  to  15  lbs.  per 
ton,  or  about  |  per  cent. 

The  second  or  Pewabic  group  is  more  important  than  the  preceding, 
and  includes  several  belts  or  lodes,  whose  thicknesses  and  positions 
are  given  in  Fig.  2,  which  represents  the  section  obtained  in  a  cross 
cut  made  at  the  70  fathom-level  of  the  Pewabic  mine. 

The  most  important  members  of  this  series  are  the  highest,  or 
Pewabic  lode,  and  the  lowest,  or  Albany  and  Boston  conglomerate. 
The  former  has  been  systematically  mined  by  the  Quincy,  Pewabic 
and  Franklin  Companies  for  a  length  of  about  1^  mile  in  a  north- 

easterly direction  from  the  Hancock  shore  of  the  lake.  North  of 
the  Franklin  it  has  been  traced,  but  not  worked,  for  a  further  length 
of  about  3|  miles,  up  to  the  Albany  and  Boston  mine.  It  is  a  dark 
brownish-red  amygdaloid,  fiUed  with  small  vesicles  containing 
chlorite  and  native  copper ;  the  thickness  varies  from  6  to  30  feet, 
the  average  being  9  feet  in  the  Pewabic,  and  10  feet  in  the  Quincy 
mine ;  the  hanging  wall  is  a  compact  greenstone -like  trap ;  while 
^.      ̂        ̂      .  -  _,       ,.     the  foot-waU  is  a  dark-coloured  amyg- 
Fig-.  ̂ .—Section  of  PeiuaUc  ̂ ^^^.^^  with  very  smaU  kernels  of  chlo- Lode  m  the  end  of  tJie  130-  ̂ ^^^  ̂ -  3  ̂ -^^^^  ̂ ^^  character  of 

fm.  level,  Pewabic  Mine.  ^-^^  ̂ ^^^  ̂ ^  ̂ -^^  130-fathom  level  of  the 
_d    Pewabic  mine.     Copper  is  well  sprin- 

kled through  the  whole  mass,  with  a 
few  small  masses  near  the  foot- wall, 
and  with  irregular  calcspar  strings  in 

the  upper  side.  Although  not  produ- 
cing any  very  large  masses,  the  yield  is 

tolerably  uniform,  the  produce  being 

at  the  rate  of  1-5  per  cent,  in  the 
Pewabic,  and  1-6  per  cent,  in  the  Quincy  mine:  the  latter  is  sunk 
below  the  100-fathom  level.  The  concentration  of  the  copper 
towards  the  foot-wall  is  characteristic  of  the  whole  of  the  amyg- 
daloids. 

The  other  members  of  the  group,  below  the  Pewabic  lode,  although 
not  of  any  great  importance  as  regards  produce  of  copper,  are  of 
interest  as  establishing  the  regular  succession  of  the  amygdaloids 
over  areas  of  a  certain  extent,  the  section  being  substantially  the 
same  in  the  Pewabic  cross  cut  as  it  is  in  the  Albany  and  Boston  line 
about  3^  miles  further  north.  It  is  not  necessary  to  go  further  into 
the  characteristics  of  these  belts  or  lodes  ;  but  it  may  be  incidentally 

remarked  that  the  epidote  lode  is  fiUed  with  a  purplish  rock,  contain- 
ing a  great  deal  of  bright-green  epidote,  and  that  the  Albany  and 
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Boston  lode  is  also  very  epidotic,  and  in  the  hollows  carries  large 
quartz  crystals  and  masses  of  prehnite. 

The  Albany  and  Boston  conglomerate  is  a  deposit  of  considerable 
interest,  as  it  forms  a  well-marked  horizon  in  the  rocks  of  the 
Portage  district,  and  carries  in  places  a  very  considerable  amount  of 
copper.  It  is  about  30  or  32  feet  in  thickness,  and  is  included 
between  a  soft  argillaceous  sandstone  floor,  4  feet  thick,  and  a  clay 
roof  of  9  inches  in  thickness.  The  latter  contains  at  times  parallel 

sheets  of  copper,  and  is  locally  known  as  the  "fluean  lode."  The 
pebbles  are  chiefly  of  red  jaspideous  porphyry,  and  are  for  the  most 
part  well-rounded,  varying  in  size  from  about  half  an  inch  up  to  six 
or  eight  inches  in  greatest  diameter.  The  cementing  material  varies 
considerably,  being  mainly  calcareous  at  the  Pewabic,  and  a  compact 
epidote  at  Rhode  Island  mine.  The  more  usual  character^  however, 

is  a  granular  mixture  of  epidote,  quartz,  and  finely  divided  rock- 
matter  with  small  specks  of  copper. 

More  remarkable  conditions,  however,  have  been  observed  in  some 
portions  of  this  rock  at  the  Albany  and  Boston  mine,  where  the 
cement  is  in  places  entirely  metalhc,  the  copper  forming  closely- 
fitting  shells  over  the  pebbles,  and  at  times  permeating  them  to  such 
an  extent  as  to  form,  with  the  siliceous  mass,  a  kind  of  copper-con- 

crete, which  of  course  is  extraordinarily  tough,  such  pebbles  being 
capable  of  passing  almost  unaltered  in  form  through  the  jaws  of  the 
powerful  rock-breakers  employed  in  the  dressing-floors.  In  places, 
however,  the  copper  in  the  cement  of  the  coarse  conglomerate  has 
been  changed  to  chrysocolla  and  red  copper  ore,  both  of  the  octahedral 
and  fibrous  forms,  associated  with  which  are  calcspar,  prehnite,  and, 
probably,  cupreous  allophane.  Out  of  the  total  thickness  of  32  feet^ 
only  the  lower  portion  of  the  bed,  from  10  to  15  feet  in  thickness,  is 
cupriferous ;  so  that  in  this  respect  the  conglomerate  resembles  the 
amygdaloids. 

The  lower  metalliferous,  or  Isle  Royale  series,  is  a  belt  of 
amygdaloids  similar  in  general  particulars  to  those  of  the  Pewabic 
group.  It  includes  two  great  lodes: — the  grand  Portage,  worked  in  the 
mine  of  the  same  name  on  the  south  shore  of  Portage  Lake  ;.  and  the 
Isle  Royale,  which  is  opened  on  the  Huron  mine,  also  on  the  south 
side,  but  has  also  been  traced  for  several  miles  on  the  north  shore. 

It  is  a  pale-green  amygdaloid  containing  quartz,  steatite,  chlorite, 
epidote,  and  copper  in  smaU  quantity,  from  24  to  33  feet  in  thick- 

ness, yielding  about  1  per  cent,  of  copper  when  dressed.  Below  the 
Isle  Royale  is  another  lode  called  Mabbs  lode,  which  has  recently 
been  discovered ;  and  it  is  not  quite  certain  whether  it  be  a  parallel 

belt  or  an  actual  fissure- vein,  as  its  dip  is  much  steeper,  being  75° 
instead  of  from  52°  to  60°,  which  is  the  amount  of  inclination  of  the 
higher  belts. 

6.  Mines  of  the  Northern  District. — In  the  district  of  Keweenau 
Point  the  cupriferous  amygdaloids  occupy  but  a  subordinate  position, 
the  whole  of  the  produce  being  derived,  with  a  very  few  exceptions, 
from  true  lodes,  or,  as  they  are  called  in  the  district,  fissure-veins, 
which,  as  a  rule,  are  nearly  vertical,  and  cross  the  trappean  formation 
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atright  angles  to  its  strike,  the  greater  number  being  included  between 
the  directions  N.W.  &  S.E.,  and  N.  &  S.  The  relation  of  the  rocks  is 

shown  in  the  sketch-section,  Fig.  4,  from  which  it  will  be  seen  that 
the  trappean  series  is  divided  into  two  parts  by  the  great  greenstone 
bed,  the  upper  portion  being  known  as  the  northern,  and  the  lower 
as  the  southern  mineral  range.  Now  although  lodes  in  many  cases 
pass  through  both  ranges,  yet,  as  a  rule,  up  to  the  present  time  they 
have  rarely  proved  to  be  of  value  for  copper  in  both,  the  most  im- 

portant deposits  being  confined  to  the  southern  side,  and  at  no  great 
distance  from  the  greenstone,  the  principal  mines  being  the  Cliff  near 
Eagle  Eiver,  the  Amygdaloid,  Delaware,  and  Pennsylvania  near 
Eas'le  Harbour*. "&•• 

Eig.  4. — Section  from  Cojpjper  Harbour  to  Lac  la  Belle 
(after  Eoster  &  Whitney). 

Copper 
Harbour. 

a.  Upper  sandstones  and  traps,       I  c.  Lower  metalliferous  traps. 
b.  Upper  metalliferous  traps.  |  d.  Chlorite  rock  and  sandstone. 

e.  Porphyry  ? 

The  lode  worked  at  the  Cliif  mine  has  been  traced  for  about  2| 
miles,  but  the  main  workings  are  below  the  greenstone,  and  extend 
southward  for  about  1400  yards.  It  is  a  nearly  vertical  fissure, 
varying  in  breadth  from  a  mere  line  to  six  feet,  filled  with  broken 
rock  and  zeolitic  minerals,  with  native  copper,  both  in  fine  particles 
and  large  masses,  the  latter  being  common  in  the  wider  portions, 
which  alternate  with  barren  strings  made  up  of  laumonite  and  de- 

composed trap.  The  containing  rock  is  a  hard  trap,  with  interstra- 

tified  beds  or  "  flows  "  of  amygdaloid,  which  have  been  laid  down 
in  the  plans  to  the  number  of  12  or  13.     These  are  occasionally 

^  The  total  yield  of  copper  from  the  mines  of  Lake  Superior  in  1864  was 
as  follows : — 

From  13  mines  in  Portage  Lake  district,  4293  tons  of  70  per  cent,  mineral. 
„      16         ,,       Keweenau  „  2548  „  „ 
„      19         „        Ontonagon        „  1722 

8563  tons. 

These  quantities  are  in  American  customary  tons  of  2000  lbs.  The  above 
total  is  equal  to  about  5609  statute  tons  of  fine  copper. 

The  largest  individual  production  was,  in  dressed  mineral  (70  per  cent)  : — 
1485  tons  13  cwts.,  American  weight,  from  Quincy  Mine. 
1133     .,      19      „  „  „  Cliff  Mine. 
932     „       8      „  „  „  PewabicMine. 
609     „        3      „  „  „  Central  Mine. 
525     „      10     „  „  „  National  Mine. 
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impregnated  with  copper  to  a  depth  of  about  20  feet  from  the  lodes. 
The  mine  is  156  fathoms  deep,  and  produces  from  35  to  65  masses 
weighing  about  a  ton  each  per  month,  and  about  an  equal  weight 

from  stamp-rock,  containing  about  1-9  per  cent.  The  copper-ground, 
as  a  rule,  appears  to  follow  the  greenstone  in  depth,  dipping  about 

27°  north-westerly.  The  North  and  South  Cliif  mines,  opened  on 
the  prolongations  of  the  same  lode,  are  not  now  at  work. 

The  Central  mine,  about  14  miles  east  of  the  Cliff,  is  opened  upon 
a  similar  lode,  consisting  of  a  series  of  alternations  of  red  laumonite 
strings,  with  large  lenticular  expansions  containing  copper.  The 
original  discovery  of  this  lode  was  made  in  an  old  Indian  working  at 

the  'No.  2  shaft,  out  of  which  a  mass  of  copper,  weighing  50  tons, 
was  taken.  Only  a  small  amount  of  metal  has  been  found  imme- 

diately below  this  point  in  sinking ;  but  further  north,  below  the 
greenstone,  under  similar  conditions  to  those  observed  in  the  Cliff 
mine,  a  very  rich  run  of  ground  has  been  discovered.  There  is  a 
good  deal  of  calcspar  in  the  vein,  and  the  finer  copper  appears  rather 
in  sheets  than  in  shots.  At  the  50-fathom  level,  on  the  No.  4  shaft, 
the  largest  mass  that  has  as  yet  been  discovered  on  the  lake  was 
struck ;  it  measured  50  feet  in  length,  30  in  height,  and  about  4| 
feet  in  greatest  thickness,  and  yielded  somewhat  over  500  tons  of 
copper. 

Pig.  5. — Longitudinal  Section  of  the  Central  Mine, 

No.  1  Shaft.  No.  2  Shaft.  N.  15°  W.    No.  4  Shaft. 

The  mines  in  the  range  north  of  the  greenstone  are  the  Petherick, 
Copper  PaUs,  and  Phoenix,  which  derive  their  produce  almost  entirely 
from  a  remarkable  bed  of  very  much  decomposed  finely  vesicular 

trap,  filled  with  small  shots  of  copper,  known  locally  as  the  "  ash- 
bed."  Associated  with  this  is  a  compact  trap,  containing  elongated 
cavities  at  its  contact  with  the  more  vesicular  portions.  These 
cavities  are  usually  filled  with  copper  in  ramifying  forms  resembling 

eagles'  claws.  The  ash-bed,  according  to  its  discoverer,  Mr.  Hill, 
has  been  traced  for  about  8  miles,  and  by  its  position  probably 
represents  some  of  the  upper  beds  of  Portage  Lake.  Although  ex- 

tensively worked,  it  is  too  poor  to  yield  any  great  profit,  the  produce 
at  Copper  Palls  being  1  per  cent.,  and  at  the  Phoenix  only  |  per 
cent.,  of  the  rock  treated. 

2i2 
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7.  Ontonagon  District. — The  mines  of  this  district  are  all  opened  in 
the  same  clas&  of  deposits — namely,  very  irregularly  defined  lodes 
which  follow  the  strike  of  the  trappean  belt,  commencing  on  the 
Minnesota  Hills,  at  the  southern  end  of  the  district,  which  rise 

abruptly  from  a  drift-covered  plateau,  about  12  miles  in  length, 
lying  to  the  south  of  the  town  of  Ontonagon.  They  extend  in  a 
north-easterly  direction  for  about  16  miles  to  theWynona  mine,  the 
last  explorations  in  the  direction  of  Portage  Lake.  The  Minnesota 
mine  has  been  worked  to  a  depth  of  about  200  fathoms,  on  a  lode 

dipping  about  46°  northerly,  and  included  between  a  roof  of  compact 
grey  trap  and  a  fioor  of  conglomerate.  A  northern  branch,  dipping 
at  a  higher  angle,  falls  into  it  at  the  fifth  level  below  the  adit ;  be- 

tween these  is  another  branch,  more  nearly  parallel  with  the  main 
lode,  in  which  the  great  mass  of  400  tans  was  found  in  the  year 
1856,  about  20  fathoms  below  the  surface.  This  mine  has  ahown 
a  decided  decrease  of  richness  in  depth,  the  produce  having  diminished 
from  2058  tons  in  1857,  derived  from  ground  yielding  1267  lbs.  per 
fathom,  to  387|  tons  in  1864,  the  amount  per  fathom  being  reduced 
in  the  latter  year  to  186  lbs.  The  lower  workings  are  now  com- 

pletely abandoned,  and  an  attempt  is  being  made  to  develope  the 
northern  lodes.  As  seen  in  the  adjoining  National  mine,  the  Minnesota 
lode  is  filled  with  a  mass  of  epidote  and  quartz,  apparently  of  a 
brecciiform  structure,  with  rough  particles  of  copper  scattered  irre- 

gularly through  it.  The  hanging  waU  is  full  of  small  slipped  pieces 
o-f  rock  and  clay,  and  is  covered  with  longitudinal  striations. 

The  sandstone  below  the  conglomerate  on  the  underside  of  the- 
lode  occasionally  contains  a  little  copper,  when  it  assiimes  a  lami- 

nated appearance,  in  thin  stripes  of  red  jasper  and  yellow  epidote 
grains,  interspersed  with  bright  metallic  leaflets,  the  arrangement 
being  similar  to  the  cement  of  the  Albany  and  Boston  conglomerate 
and  the  compact  epidote-rock  of  the  Porcupine  Mountains. 

The  lode  at  the  Indian  mine  is  an  epidotic  mass,  apparently  a  con- 
cretion in  the  hornblendietrap.  It  is  remarkable  for  carrying  large 

quantities  of  analcime,  with  small  masses  of  copper  in  sohd  crystals. 
A  very  decided  concretionary  structure  is  seen  in  the  trap  at  the 
Bohemian  and  Toltee  mines,  which  are  on  the  same  run  of  ground  ; 
the  deposit  worked  is  a  course  of  trap,  filled  with  epidote  about  8  feet 
thick,  the  rock  containing  spheroidal  masses  which  in  section  pre- 

sent alternately  light-  and  dark-green  rings,  the  former  being  due 
to  epidote,  and  the  latter  to  the  prevalence  of  hornblende  and  chlorite, 
the  two  colours  being  divided  by  intermediate  rings  of  calcspar :  the 
largest  of  these  concretions  are  about  15  inches  in  diameter.  The 
lode  is  an  epidotic  amygdaloid,  about  8  feet  in  thickness,  with  a 

N.W.  dip  of  35°.  It  is  spotted  through  with  small  strings  of 
calcspar  and  quartz ;  the  copper  occurs  either  in  pseudomorphs  or  in 
crystallized  masses  of  no  great  size,  or  in  leaf -like  plates  in  the  bright- 
green  epidote :  similar  conditions  prevail  in  the  Wisconsin  mines  fur- 

ther to  the  N.E. ;  but  as  yet  none  of  these  mines  are  distinguished  by 
any  great  production.  Several  heavy  masses  have  recently  been  taken 
out  of  the  shallow  workings  at  the  Flint-Steel  mine,  which  is  opened 
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upon  an  epidote-breccia  lode  divided  into  two  branches  by  a  horse 
or  rib  of  barren  trap.  Yery  extensive  traces  of  aboriginal  mining 
have  been  discovered  at  this  place,  the  old  miners  having  sunk  their 
pits  on  both  branches  of  the  lode,  avoiding  the  barren  ground  between 
them.  It  is  very  remarkable  that  almost  all  the  valuable  mining 
locations  on  the  lake  show  traces  of  Indian  or  Aztec  work;  and 
recent  discovery  has  shown  that  they  not  only  worked  on  the  mass 
lodes,  but  also — in  one  instance  at  least — on  the  conglomerates.  If 
the  country  were  less  wooded,  these  old  workings  might  be  of  consi- 

derable service  in  indicating  the  position  of  deposits  of  v-alue  ;  but 
they  are,  in  almost  all  instances,  filled  up  and  covered  by  vegetation, 
the  trees  being  as  large  as  any  of  those  of  the  surrounding  forest, 
thus  giving  proof  of  the  remote  antiquity  of  these  workings. 

8.  Paragenesis. — The  following  are  a  few  of  the  chief  alternations  of 
minerals  observed  in  the  Lake  Superior  mines :  others  will  be  found 
in  the  works  of  Professor  Whitney  : — 

1.  Chlorite,  calcite,  copper — Pewabic  lode. 
"2.  Chlorite,  quartz,  copper — Isle  Royale  lode. 
3.  Chalcedony,  quartz,  apophyllite,  calcite — Bay  State  mine. 
4.  Laumonite,  quartz,  green-earth — Phoenix  mine. 
5.  Prehnite,  quartz,  copper,  laumonite — Bay  State  mine. 
6.  Natrolite,  laumonite,  analcime — Copper  Falls  mine. 
7.  Calcite,  copper,  analcime,  orthoclase — Copper  Falls  mine, 
8.  Apophyllite,  copper,  orthoclase — Copper  Falls  mine. 
D.  Datholite,  copper,  calcite — Copper  Falls  mine. 
10.  AnaLeime,  copper,  orthoclase — Bohemian  mine. 
11.  Quartz,  prehnite,  copper,  calcite,  clay — Albany  and  Boston  lode. 
12.  Quartz,  epidote,  laumonite — Isle  Royale  lode. 
13.  Quartz,  epidote,  copper,  orthoclase,  calcite,  melaeonite — National  mine. 
14.  Calcite,  prehnite,  copper,  cuprite,  chalcotrichite,  chryosocolla,   allophane, 

silver — Albany  and  Boston  conglomerate. 
15.  Calcite,  chrysocolla,  malachite,  cuprite,  silver — Albany  Smd  Boston  conglo- 

merate. 

16.  Quartz,  Whitneyite — Shelden  and  Lexington  mines. 
17.  Copper-glance,  calcite — Mendola  min^. 

From  the  above  list  it  will  be  seen  that  the  copper  is  sometimes 
older  and  sometimes  newer  than  the  associated  minerals.  In  the 

Ontonagon  district  it  occurs  very  generally  as  incrusting  pseudo- 
morphs  upon  opaquo  rhombohedra  of  calcite,  but  is  also  itself 
enclosed  in  transparent  complex  scalenohedral  forms  of  the  same 
mineral,  but  of  later  formation.  Similar  encrusting  pseudomorphs  of 
quartz  are  also  common,  the  original  mineral  having  at  timos  been 
removed,  leaving  an  empty  six-sided  tube.  The  best  examples  of 
this  class  are  to  be  found  at  the  Huron  and  Bohemian  mines. 

Silver  occurs,  both  in  massive  lumps  included  in  the  copper  and  in 
crystallized  arborescent  forms.  The  two  metals  have  probably  been 
deposited  simultaneously. 

9.  Origin  of  the  Copper. — The  occurrence  of  native  copper  in  the 
cavities  of  amygdaloid  traps  has  been  observed  under  circumstances  si- 

milar to  those  seen  on  Lake  Superior,  in  the  agate-bearing  melaphyre 
of  Oberstein  in  Ehenish  Prussia,  in  Nova  Scotia,  and  in  the  Faroe 
Islands.     Thin  sheets  encrusting  the  walls  of  cracks  in  similar  rocks 
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have  been  found  in  several  places  near  Glasgow.  In  the  whole  of 
the  above  localities,  however,  it  is  a  comparatively  rare  phenomenon, 
and  might  be  accounted  for  by  the  reduction  of  dichloride  of  copper 
sublimed  from  a  volcanic  vent — a  process  of  which  we  have  indica- 

tions in  the  occurrence  of  oxychloride  of  copper  in  the  lavas  of 
Vesuvius.  It  is  difficult,  however,  to  consider  this  an  adequate 
cause  for  the  metallization  of  a  mass  of  rocks  which,  from  their 
appearance  on  Isle  Eoyale,  Michipecoton,  and  other  points  on  the 
northern  and  eastern  shores  of  the  lake,  must  cover  an  area  of  many 
thousands  of  square  miles.  Another  hypothesis,  suggested  by  Miiller, 
supposes  the  copper  to  have  formed  part  of  the  felspathic  component 
of  the  trap  rock  when  in  the  unaltered  state — a  view  that  is  sup- 

ported by  the  occasional  occurrence  of  protoxide  of  copper  in  small 
quantities,  usually  less  than  1  per  cent.,  in  several  anhydrous  silicates, 
such  as  felspar,  orthoclase  from  Schemnitz,  and  Amazon-stone  from 
Siberia,  epidote  from  S.  Marcel  in  Piedmont,  idocrase  in  the  Nor- 

wegian variety  called  cyprine,  and  olivine*.  This  hypothesis  may 
be  modified  by  supposing  the  copper  to  have  existed  in  the  trap  as 
sulphide,  mechanically  interspersed  in  minute  quantities,  in  the  same 
way  that  it  is  found  in  the  coarse  metal  slags  of  copper-furnaces.  On 
the  other  hand,  we  have  the  recorded  statement  of  Whitney f,  who, 
in  an  analysis  of  the  trap  from  Isle  Hoy  ale,  found  it  to  contain  no 
copper,  although  it  was  specially  sought  for ;  but  traces  were  found 
in  the  sandstones  overlying  the  trappean  series.  This  piece  of  nega- 

tive evidence,  however,  must  not  be  overestimated,  as  it  would  in 
any  case  be  very  difficult,  if  not  impossible,  to  determine  the  original 
composition  of  the  traps  as  they  exist  at  present.  They  have  un- 

doubtedly undergone  considerable  change,  as  is  shown  by  the  presence 
of  hydrated  minerals,  such  as  chlorite  and  zeolites,  as  well  as  calcspar. 

Rammelsberg  has  found  as  much  as  0-56  per  cent,  of  protoxide  of 
copper  in  a  lava  from  Vesuvius  from  the  eruption  of  1811 — a  rock 
not  very  dissimilar  in  composition  from  the  Lake  Superior  trap ;  and 
although  we  have  great  masses  of  copper  concentrated  at  single 
points,  it  must  be  remembered  that  the  percentage  contents  of  the 
deposits  selected  as  rich  enough  for  working  are  included  between  the 
narrow  limits  of  one-half  and  two  per  cent. ;  and  supposing  the  con- 

tents of  these  deposits  to  be  uniformly  distributed  through  the  whole 
mass  of  the  traps,  the  slate  of  division  would  be  so  great  as  to  render 
the  copper  difficult  of  detection.  The  presence  of  copper  in  the  sand- 

stones suggests  another  origin — namely,  that  it  may  have  originally 
been  deposited  with  the  quartz-ore  sediment  as  a  finely  divided  sul- 

phide from  sea- water  under  the  influence  of  organic  matter,  and  by 
subsequent  oxidation  and  solution  have  been  removed  and  collected  in 
the  rocks  below.  Cupriferous  sandstones  and  other  sedimentary  rocks 
are  comparatively  common,  as,  for  example,  the  Carboniferous  Sand- 

stones of  Nova  Scotia  and  the  Kupfer  Schiefer,  which  contain  sul- 
phides of  copper  in  an  unaltered  form,  partly  on  account  of  the  state 

of  aggTCgation  of  the  deposited  mineral,  and  partly  from  the  texture 

*  Bischof,  Geol.  vol.  ii.  pt.  3.  p.  189. 
t  Q-eology  of  Lake  Superior,  pt.  2.  p.  87. 
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of  the  rock  and  the  presence  of  organic  matter,  which  prevents  oxi- 
dation. In  coarser  and  more  easily  permeable  rocks,  however,  not 

containing  organic  matter,  it  is  easy  to  see  how  the  finely  divided 
sulphide  would  be  readily  oxidized  by  infiltrated  atmospheric  water, 
giving  rise  to  sulphates,  carbonates,  and  other  oxidized  minerals — a 
condition  which  is  exemplified  by  the  cupriferous  Triassic  Sandstones 
of  Cheshire,  which  contain  only  oxidized  compounds  of  copper. 

The  size  of  the  accumulated  masses  of  metal  appears  to  be  mainly 
dependent  upon  the  size  of  the  cavities  in  which  they  are  deposited, 
whether  in  the  amygdaloids  or  in  the  main  fissures  ;  and  their  absence 
in  the  compact  traps  is  probably  only  due  to  the  non- occurrence  of 
such  cavities.  In  almost  all  cases  the  introduction  of  the  metal  has 

been  preceded  by  the  deposit  of  minerals  produced  from  the  decom- 
position of  the  rock,  such  as  quartz,  calcite,  chlorite,  and  zeolite ;  and 

in  the  larger  cavities  it  is  often  followed  by  transparent  crystals  of 
calcite,  which  are  formed  over  branching  masses  of  copper,  or  even 

show  signs  of  simultaneous  deposition,  being  filled  with  fire-spangles 
of  metal  arranged  parallel  to  the  diagonal  striations  or  lines  of  growth 
on  the  rhombohedra.  Similar  alternations  in  the  formation  of 

zeolites,  more  particularly  analcime,  have  been  described  by  Whitney. 
Bischoff*  has  shown  that  hydrated  silicates  of  copper,  both 

artificially  prepared  and  the  natural  mineral  dioptase,  are  sensibly 
soluble  in  pure  water,  but  much  more  readily  so  when  carbonic  acid 
is  present,  the  solution  in  the  latter  case  being  attended  with  a  par- 

tial decomposition  and  separation  of  silica.  A  reaction  of  this  kind 
is  suggested  by  the  occurrence  of  chalcedonic  and  quartzose  kernels 
in  the  amygdaloids  of  the  higher  portion  of  the  trappean  series,  while 
copper  is  found  lower  down.  As  regards  the  reduction  of  the  metal 
from  solution,  it  is  probable  that  the  chief  agents  have  been  sub- 

stances containing  protoxide  of  iron  derived  from  the  decomposition 
of  the  trap  itself.  Professor  Andrews,  of  Belfastf ,  has  suggested  a 

more  potent  reducing-medium  in  the  presence  of  metallic  iron  in 
certain  varieties  of  basalt  in  Ireland,  and  other  crystalline  rocks 
from  other  localities ;  but  it  does  not  appear  to  be  very  likely  that 
such  an  agency  can  have  been  at  work  on  Lake  Superior,  as  it  is 
difficult  to  suppose  that  an  eminently  oxidizable  substance  like  finely 
divided  iron  could  have  remained  unaltered  after  the  changes  pro- 

duced by  infiltration  of  water  had  once  been  set  up ;  and  these 
changes  appear  to  have  preceded  the  deposition  of  the  copper. 

A  point  of  considerable  interest,  but  which  we  have  at  present  no 
means  of  determining  precisely,  is,  whether  the  copper  in  the  fissure- 
veins  is  of  the  same  age,  newer,  or  older  than  that  of  the  amygda- 

loids of  Portage  Lake.  I  am  inclined  to  think  that  the  latter  are 
the  older  class  of  deposits,  and  that  they  have  served  as  feeders  for 
the  fissure-veins,  for  the  following  reasons: — 

1.  The  lodes  carry  more  copper  between  amygdaloid  walls  than 
they  do  when  encased  in  compact  trap. 

2.  The    transverse  joints    and   fissures   of  the   amygdaloids    on 

*  Vol.  ii.  pt.  o.  p.  1887.  t  Brit.  Assoc.  Report. 
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Portage  Lake  carry  masses  and  sheets  of  copper  analogous  to,  but 
much  smaller  than,  the  masses  of  th€  northern  mines. 

3.  The  amygdaloids  adjoining  the  bearing  portions  of  the  veins  are 
often  found  to  contain  considerable  quantities  of  copper  for  some 
distance  from  either  wall. 

The  last  of  the  above  reasons  may  no  doubt  be  made  available  in 
support  of  the  opposite  hypothesis  of  the  permeation  of  the  cellular 
rock  by  materials  introduced  from  the  lodes  ;  but  in  order  to  prove 
this,  it  would  be  necessary  to  show  that  the  rock  was  barren,  except 
within  the  distances  explored.  This  is,  however,  by  no  means  cer- 

tain, as  the  miner  stops  at  the  limit  of  profitable  working  without 
carrying  on  systematic  researches  along  the  strike  of  the  bed,  as  is 
done  in  the  Portage  district. 

Bischolf  *  showed,  as  far  back  as  the  year  1825,  that  copper  may 
be  deposited  from  solution  in  a  massive  condition  in  a  compara- 

tively short  time,  by  the  action  of  organic  matter  upon  solutions 
containing  sulphate  of  copper  partly  in  the  state  of  a  salt  of  the  sub- 

oxide. This  was  observed  at  Linz,  on  the  Ehine,  where  a  solid  mal- 
leable mass  of  copper,  weighing  2|  lbs.,  was  deposited  in  a  wooden 

vat,  used  in  the  concentration  of  blue  vitriol  leys  obtained  from  the 
lixiviation  of  poor  copper  ores  after  roasting. 

Where  the  amygdaloids  are  compact,  and  tolerably  free  from 
cracks  and  joints,  the  metallic  kernels  have  undergone  no  change, 
and  appear  as  clean  brilliant  masses  on  a  freshly  fractured  surface. 
It  is  different,  however,  at  the  outcrops,  where  the  cavities  are 
usually  empty,  and  their  former  contents,  converted  into  malachite, 
have  been  absorbed  by  the  crystalline  base  of  the  rock,  which  is 
stained  green  for  a  considerable  distance  round.  Similarly  in  the 
conglomerates  atmospheric  agencies  have  been  largely  at  work,  pro- 

ducing malachite,  red  copper  ores,  ehrysocoUa,  and  similar  secondary 
products ;  and  another  instance  of  the  same  kin-d  may  be  adduced  in 
the  old  vein  in  the  sandstones  of  Copper  Harbour,  which  yielded 
melaconite  and  chrysocolla  in  considerable  quantities,  but  not 
metallic  copper.  The  mines,  as  a  rule,  are  very  dry,  the  deepest 
requiring  only  a  small  amount  of  pumping-machinery  of  no  great 
power,  and  that  only  employed  at  intervals,  in  order  to  keep  the 
workings  free  from  water.  This  comparative  impermeability  of  the 
rock  is  probably  the  cause  that  has  preserved  its  metallic  contents 
with  such  a  small  amount  of  change,  as  it  is  well  known  that  metallic 
copper  is  rapidly  oxidized  when  exposed  to  ordinary  atmospheric 

vicissitudes.  This  is  well  seen  in  the  "  floats,"  or  small  masses, 
that  have  been  removed  from  the  rock  by  denudation,  and  are  found 
in  the  drift  covering  the  backs  of  the  lodes.  These  are  often  in- 
crusted  with  a  coating  of  earthy  malachite  nearly  half  an  inch  in 
thickness. 

Perhaps  the  most  interesting  fact  in  connexion  with  the  mineralogy 
of  the  Lake  Superior  mines  is  the  prominent  occurrence  of  orthoclase 
among  the  newest  minerals  in  the  lodes,  and  in  succession  to  zeolites ; 

*  Pogg.  Ann.  iii.  p.  195. 
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and  as  it  is  found  deposited  upon  the  faces  of  crystals  of  analcime 
and  apophyllite,  it  is  evident  that  it  must  have  been  formed  at  a 

very  moderate  temperature*. 

April  25,  1866, 

The  following  communications  were  read : — 

1.    Additioj^al  Documents   relating  to  the  Volcanic  Eruptions  ai 

the  Kaimeni  Islands.     By  Commander  Brtne,  of  H. M.S.  '  Eacer.' 

[Communicated  by  the  Lords  Commissioners  of  the  Admiralty.] 

(An  abstract  of  this  communication  was  published  in  Quart.  Jourm  Greol.  Soc- 
J^o.  87,  p.  319,  bj  order  of  the  Council.) 

2.  Report  to  the  Eparch  of  Santorino  on  the  Eruptions  at  the 
Kaimeni  Islands.     By  M.  Fouque. 

[Communicated  by  Sir  E.  I.  Murchison,  Bart.,  K.C.B.,  F.R.S.,  F.G.S.,  &c. 

(An  abstract  of  this  communication  was  published  in  Quart  Journ.  Grcol.  Soe. 
J^o.  87,  p.  320,  by  order  of  the  Council) 

3.  Remarks  upon  the  Interval  of  Time  which  has  passed  between 

the  Formation  of  the  Upper  and  Lower  Yallet- gravels  ofptart  of 
England  and  France  ;  with  Notes  on  the  Character  of  the  Holes 
hored  in  Rocks  hy  Mollusca.     By  A.  Tylor,  Esq.,  F.G.S. 

The  elaborate  examination  of  the  Quaternary  deposits  made  by  Mr, 

Prestwich  has  induced  that  geologist  to  divide  the  vaUey-gravels 
into  upper  and  lower,  which  are  supposed  to  be  separated  from  each 
other  by  a  considerable  interval  of  time. 

There  is  much  similarity  in  these  deposits,  although  separated  for 

purposes  of  classification  by  Mr.  Prestwich ;  for  the  organic  remains 
are  nearly  identical,  and  the  human  implements  found  in  both  (made 
of  roughly  chipped  flint)  are  of  the  same  general  character.  Mr. 

Prestwich  argues  that  although  the  upper  vaUey-gravels  are  at  a 

*  The  following  are  the  chief  works  on  Lake  Superior  Mine : — 

Foster  and  Whitney,    '  Eeport  on  the  Lake  Superior    Land  District, 
Washington,'  1845, 

J.  D.  Whitney  '  The  metallic  weight  of  the  United  States.' 
Eivot,  "  Voyage   au  Lac  Superieur,"  Ann.  des  Mines,  5^  ser.   vol.  vii. 

p.  175  ;   "  Notice  sur  le  Lac  Superieur,"  Ann.  des  Mines,  5^  ser.  vol.  x. 
Jules  Borie,  '  Bulletin  de  la  Societe  de  I'lndustrie  Minerale,'  vols.   vi. 

vii.,  viii. 

Alb.  Miiller,  '  Verhandlungen  der  naturf.  Q-esellschaft  zu  Basel,'  vol,  iiL 
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higher  relative  level  than  the  lower,  yet  the  higher  series  are  always 
the  older,  and  the  lower  the  more  modern ;  and  we  have  thus  the 
ordinary  superposition  of  new  over  old  strata  supposed  to  be  reversed. 
This  difficulty  is  considered  by  most  geologists  to  have  been  sur- 

mounted by  Mr.  Prestwich's  arguments,  and  his  classification  of  the 
gravels  has  been  generally  accepted.  My  own  opinion  is,  that  .the 

evidence  on  which  Mr.  Prestwich's  theory  is  based  is  insufficient ;  at 
the  same  time,  I  fully  admit  the  careful  and  accurate  manner  in 
which  he  has  stated  his  views. 

Present  inquirers  have  the  great  advantage  of  having  before  them 
the  accurate  sections  prepared  by  Mr.  Prestwich  with  great  skill  and 
labour.  Mr.  Prestwich  describes  the  drift-beds  of  the  valley  of  the 
Somme  as  the  opposite  extremities  of  a  series  of  gravels  deposited  in 
a  period  of  time  so  vast  that  during  its  continuance  extensive  val- 

leys were  formed  and  excavated  out  of  solid  strata,  and  the  gravel- 
beds  afterwards  deposited  on  their  flanks  and  on  their  bottoms. 

The  lower  valley-gravels  are  more  continuous  than  the  upper ;  and 
their  lower  extremities  touch  the  alluvium  of  the  present  rivers, 
often  on  the  same  horizon. 

They  contain  organic  remains  resembling  those  found  in  the  well- 
known  bone- caverns,  including  the  bones  of  extinct  Mammalia, 
associated  with  flint  weapons  of  rude  workmanship.  The  upper 
beds  contain  nearly  the  same  organic  remains  and  human  imple- 

ments as  the  lower,  and  are  occasionally  capped  by  tbick  beds  of 
loess  of  freshwater  origin.  Both  upper  and  lower  valley-gravels 
contain  materials  brought  from  a  distance  and  deposited  irregularly, 
as  if  they  were  the  feeble  successors  of  the  great  diluvial  deposits  of 
the  glacial  period  which  immediately  preceded  them,  but  which  in  its 
typical  form  left  no  remains  south  of  the  Thames. 

Mr.  Prestwich  has  described  the  present  valley  of  the  Somme  as 
having  a  transverse  section  of  five  hundred  times  the  area  of  the 

present  water-channel,  and  other  valleys  of  similar  character  as 
possessing  still  greater  proportionate  size  when  compared  with  their 

present  water-channels. 
He  supposes  that  during  the  elevation  of  the  land  the  action  of 

torrents,  ice,  and  snow  removed  large  masses  of  stratified  rock  from 
the  valleys ;  and  in  writing  of  the  duration  of  the  period  of  time  in 
which  the  upper  and  lower  gravels  might  have  been  accumulated, 

he  observes: — "  The  next  possible  standard  to  measure  the  dura- 
tion of  the  period  of  time  in  which  the  ujDper  and  lower  gravels  were 

accumulated  is  the  time  required  for  the  excavation  of  the  valleys 

themselves."  I  do  not  see  that  this  supposition  is  confirmed  by  suf- 
ficient evidence ;  for,  supposing  the  excavation  of  the  valleys  to  have 

occurred  between  the  dates  of  the  upper  and  lower  valley-gravels, 
we  are  obliged  to  allow  not  only  a  vast,  but  an  apparently  unneces- 

sary amount  of  time  for  the  accumulation  of  such  incoherent  and 
often  unstratified  deposits.  The  lower  valley-gravels  at  Grays, 
Ilford,  Menchecourt,  <fec.  &c.,  are  thick,  and  must  be  the  accumula- 

tion of  a  long  period ;  for  they  contain  remains  in  great  abundance 
of  the  large  extinct  Mammalia,  deposited  among  fragile  shells  of 
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many  MoUusca  now  living  in  tranquil  water  in  tlie  neighbourhood 
and  on  the  same  horizon,  and  also  of  three  species  of  Mollusca  which 
have  disappeared  from  the  country,  one  species  not  being  met  with 
now  at  any  nearer  point  than  the  Mle.  To  suppose  that  man  was 
living  throughout  the  period  of  the  lower  valley-gravels  at  the  same 
time  as  the  great  extinct  Mammalia,  obliges  us  to  carry  back  his 
presence  on  the  earth  not  only  to  a  very  distant  date,  but  to  a  period 
when  physical  circumstances  must  have  differed  very  much  from  those 
we  experience.  We  therefore  wonder  that  there  are  so  few  indica- 

tions of  his  presence  or  works  left  behind ;  for  we  cannot  realize  the 
lapse  of  time  without  fixing  on  some  events  by  which  to  measure  it. 
If  man  existed  prior  to  so  great  and  distant  an  event  as  that  of  the 
excavation  of  the  valleys,  the  problem  becomes  still  more  difiicult  to 
understand. 

The  opinion  of  Mr.  Prestwich  as  to  the  age  of  the  Somme  valley 
is  not  at  present  confirmed,  as  far  as  I  am  aware,  by  any  other  geolo- 

gist. Sir  H.  T.  De  la  Beche  thought  the  valleys  of  Devon  and  Corn- 
wall opening  into  the  English  Channel  might  have  been  excavated 

not  later  than  in  early  post-Cretaceous  times,  but  that  their  forms  may 
have  been  modified  more  recently.  Mr.  Godwin- Austen  thinks  the 
German  Ocean  and  English  Channel  were  not  united  at  the  period 
of  the  Coralline  and  Eed  Crag,  so  that  the  easterly  part  of  the 
Channel  would  have  been  formed  in  the  Pleistocene  period — a  view 
now  generally  adopted. 

Also  Mr.  Pengelly  considers  that  the  valleys  of  the  south-east  of 
Devonshire  were  excavated  in  post-Cretaceous  times,  and  were  sub- 

sequently filled  from  base  to  hiU-top — a  point  also  discussed  by  Sir 
H.  T.  De  la  Beche  mthout  his  arriving  at  a  definite  conclusion*. 

Mr.  Pengelly  distinctly  refers  the  reopening  of  the  valleys  to  a 

subsequent  denudation,  and  remarks,  "  A  remnant  of  the  gravel  re- 
mains to  line  the  slope  and  preserve  a  record  of  the  operations  "  f. 

He  does  not  give  any  sections ;  but,  having  visited  some  of  the  local- 
ities, I  concur  entirely  in  his  opinions.  Mr.  Pengelly  asserts  that  he 

has  also  discovered  perforations  made  by  a  marine  boring-animal  at 
considerable  elevations  above  the  sea  and  above  raised  sea-beaches, 
in  many  localities  in  the  Torbay  district ;  and  I  give  the  following 
sections  of  valleys,  that  the  position  of  these  bored  holes  may  be 
clearly  understood. 

In  the  valley  leading  to  Kent's  Hole  Cavern  (fig.  1)  there  is  red  drift 
on  the  plateau,  and  the  same  material  in  the  cavern  and  on  the  bottom 
of  the  valley ;  this  is  usually  the  case  in  the  district.  If  the  borings 
in  the  limestone  forming  the  face  of  the  cliff  in  which  the  openings 

into  Kent's  Hole  Cavern  occur,  at  a  height  of  180  feet  above  the  sea, 
have  been  made  by  a  marine  animal  (Pholas,  or  any  other  borer) 
then  it  is  good  evidence  that  the  drift  has  been  removed  from  the 

narrow  and  short  valley  below  the  cave,  leaving  no  marks  of  denu- 

dation on  the  valley  itself.    "We  have  therefore  no  evidence  in  Kent's 
■"^  I  may  add  that  the  fringes  of  gravel  along  the  Devonshire  valleys  were 

noticed  by  Mr.  Grodwin-Austen  in  an  early  paper. 
t   '  Denudation  of  Rocks  in  Devonshire,'  1864,  p.  19. 
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Hole  valley  of  such,  a  great  denudation  as  Mr.  Prestwich  supposes 
to  have  occurred  in  the  valley  of  the  Somme,  although  we  have  in 
both  places  drift  associated  with  the  bones  of  extinct  Mammalia, 
and  with  rude  flint  implements  at  very  high  levels  above  the  sea. 

Fig.  1. — Longitudinal  Section  of  Mary  church  Valley. 
E.KE.  W.S.W- 

Marychurch. 

i  3 soft 
«yoft 

*  Pholas  markings. 

The  raised  beaches  fringing  the  coast-line  in  the  south-east  of 
England,  north-east  of  Prance,  and  south-east  of  Devonshire,  as 
well  as  the  gravels,  &c.,  fronting  at  similar  heights  the  transverse 
valleys  wMch  open  in  both  districts  into  the  English  Channel,  place 
all  these  localities  in  close  geological  relationship. 

The  presence  of  calcareous  deposits  on  the  sides  of  tlie  chalk  val- 
leys in  Erance,  described  by  Mr.  Prestwich,  is  matched  in  Devonshire 

by  a  calcareous  deposit  which  has  cemented  loose  blocks  of  limestone 
on  the  solid  rock. 

At  Watcombe,figs.2  &3,  one  mile  nortli-east  of  Kent's  Hole  Cavern, 
the  analogy  is  still  more  complete,  if  I  am  correct  in  the  suggestion 
that  this  may  be  a  thick  bed  of  freshwater  loess  covering  the  angu- 

lar drift  below  it,  and  that  both  drift  and  loess  are  derived  from  the 

ruins  of  the  Triassic  rocks  close  by.  The  clay  in  question  is  ex- 
tremely fine,  and  must  have  been  deposited  from  a  most  tranquil 

laket;  and  yet  it  is  now  raised  more  than  200  feet  above  the  present 
sea-level. 

Eig.  2. — Longitudinal  Seetion  along  the  Valley  of  Watcomhe. 
w.s.w. 

s.s.w. 

Level  of  Valley.  TumWed  Eock. 

j^ig.  3. — Coast-section  from  Babbacoinhe  to  Watcomhe. E.KE. 

X   Eorings. 

Seasoning  on  so  many  parallel  circumstances,  we  must  admit  a 

<}lose  analogy  between  the  former  condition  of  the  Devonshire  and 

Somme  valleys  during  the  gravel-period,  and  may  consider  that  the 
surface  of  the  Devonian  limestone  has  been  so  little  affected  by  the 

t  This  loess  clay  is  about  to  be  used  for  terra- cotta  figures. 
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action  of  weather  dmring  tke  removal  of  the  gravel  in  the  valley  above 
and  below  it  that  the  interval  must  be  comparatively  smaU  since  the 
event  in  question  took  place,  viz.,  since  the  valley  previously  filled  with 
gravel,  sand,  or  mud  was  denuded,  leaving  what  may  be  called  high- 
and  low-level  gravel  in  a  remanie  state  on  the  flanks  and  the  bottom- 

Having  repeatedly  visited  the  vaUey  of  the  Somme  without  being- 
able  to  satisfy  myself  as  to  the  correctness  of  the  views  entertained 
by  geologists  regarding  the  extreme  antiquity  of  the  upper  gravels^ 
I  wish  to  state  that  I  attach  great  importance  to  the  views  so  long 
ago  put  forward,  as  to  the  valleys  of  post-Cretaceous  age  having  been 
filled  with  gravel  in  one  geological  period  and  cleared  out  and  par- 

tially refilled  in  a  subsequent  and,  perhaps,  very  recent  date*. 
The  theory  of  the  excavation  of  the  French  valleys  between  the 

periods  of  the  deposition  of  the  upper  and  lower  gravels  was  proposed 
by  Mr.  Prestwich  as  the  most  probable  explanation  of  the  phenomena, 
fhe  impossibility  of  obtaining  absolute  proof  of  his  hypothesis  being 
obviousf. 

All  the  evidence,  en  the  contrary,  which  is  forthcoming,  T  contend, 
should  rather  cause  us  to  admit  the  identification  of  the  ages  of  the 
Devonshire  and  Somme  valleys ;  for  both  sets  of  valleys  are  ancient, 
they  were  afterwards  wholly  or  partially  filled  with  gravel,  and  the 
gravel  on  the  slopes  and  bottoms  in  each  is  remanie  recently,  the 
levels  of  the  new  drift-deposits  are  similar,  the  character  of  the  mam- 

malian remains  in  each  is  strikingly  alike,  and  raised  sea-beaches 
occur  on  the  coast  not  very  distant  from  the  mouths  of  the  valleys 
in  question.  If  the  perforations  of  marine  boring-shells  could  be 
proved  to  occur  in  the  valley  of  the  Somme,  the  analogy  would  be 
still  clearer  (but  of  this  there  is  no  evidence  at  the  present  time),  as 
it  would  then  appear  as  if  the  deposition  of  these  drift-beds  might 
have  occurred  almost  within  the  historical  period. 

It  is,  however,  certain  that  both  the  low-  and  high-level  gravels 
with  human  implements  and  mammalian  remains  are  more  re- 

cent than  the  Boulder-clay,  for  this  is  proved  in  the  Hoxne  section  ; 
and  reasoning  by  analogy,  all  the  other  gravels  in  valleys  and  caves, 
containing  the  same  kind  of  organic  remains  associated  with  the 
tools  of  uncivilized  man,  belong  to  an  interval  between  the  Boulder- 
clay  and  historical  periods. 

The  raised  sea-beaches  containing  only  organic  remains  of  spe- 
cies of  mollusca  now  living  in  their  neighbourhood  are  the  equiva- 

lents in  time  of  a  portion,  or  the  whole,  of  this  period — as  their  sub- 
aerial  heads  shade  into  modern  deposits,  while  the  base  may,  from 
other  reasons,  be  of  much  older  date.  Godwin-Austen  separated  the 
lower  portion  of  the  Brighton  beach  from  the  upper,  many  years  since, 
in  this  manner. 

The  conclusions  at  which  I  arrive  are :  — 

1st.  That  the  valleys  of  the  south-east  of  Devonshire  and  of  the 
north-east  of  France  were  excavated  in  remote  geological  periods, 

*  Pengelly,  Denudation  of  Eocks  in  Devonshire,  p.  13. 
t  Prestwich,  Phil.  Trans,  p.  253,  1864. 
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and  filled  up  with  marine  or  fluviatile  gravel,  and  reexcavated  prior 
to  the  epoch  of  the  high-  and  low -level  valley-gravels. 

2nd.  That  all  these  gravels  are  reconstructed  of  drift  and  gravel 
of  the  Glacial  period,  or  of  its  equivalent  south  of  the  Thames,  mixed 
with  a  certain  amount  of  local  materials. 

3rd.  That  the  high-  and  low-level  gravels  are  of  one  formation, 
closely  connected  in  age,  and  dating  from  a  time  immediately  pre- 

ceding the  historical  period. 

May  9,  1866. 

The  following  communications  were  read : — 

1.  On  a  N'ew  Species  of  Acanthodes  from  the  Coal-shales  of LoNGTOi^.  By  Sir  Philip  de  M.  Grey  Egeeton,  Bart.,  M.P., 
E.R.S.,  E.G.S.,  &c. 

[Plate  XXIII.] 

Owing  to  the  kindness  of  Mr.  Ward,  of  Longton  (who  has  for  some 
time  past  devoted  his  time  and  attention  to  collecting  the  fossil 

remains  of  the  coal-pits  in  his  vicinity),  I  have  had  the  opportunity 
of  examining  a  considerable  collection  of  specimens  of  the  Acantho- 
dian  fishes  of  the  North  Staffordshire  Coal-measures.  Numerically 
speaking,  the  collection  is  a  large  one,  but  the  specimens  themselves 
are  all  imperfect.  The  anterior  parts  of  the  fish  are  rarely  pre- 

served ;  and  even  when  present,  the  dislocations  and  crushed  condition 
of  the  component  bones  are  so  extensive  that  the  form  and  structural 
details  of  the  head  and  thorax  are  difiicult  to  decipher.  Most  of  the 
best-preserved  specimens  contain  the  middle  and  hinder  portions  of 
the  body,  from  the  ventral. spines  to  the  bifurcation  of  the  tail;  and 
all  have  the  scales  well  shown,  and  most  of  the  spines  supporting 
the  fins.  Although  it  might  perhaps  be  desirable  to  wait  for  more 
perfect  specimens  before  undertaking  a  complete  determination  of 
the  specific  forms,  yet  the  evidence  already  procured  is  so  decisive 
as  to  the  distinctness  of  at  least  one  species,  that  a  brief  description 
of  this  form  may  be  given  without  prejudice  to  future  investigation. 

The  generic  characters  of  Acanihodes  have  been  so  thoroughly 

worked  out  in  previous  publications  *  that  it  is  needless  to  recapitu- 
late them  here,  the  more  so  since  no  important  anatomical  points 

are  supplemented  by  the  specimens  under  consideration. 
Selecting  for  description  those  individuals  of  a  medium  size,  the 

length  of  the  body,  from  the  snout  to  the  point  where  the  vertebral  axis 
trends  upwards  to  form  the  upper  lobe  of  the  tail,  seems  to  have  been 
about  5^  inches.  Of  this  total  the  anterior  third  comprises  from 
the  nose  to  the  point  of  insertion  of  the  ventral  spines,  the  middle 
third  from  the  ventral  spine  to  the  anal  spines,  and  the  posterior 
third  from  the  anal  spine  to  the  point  above  mentioned.     Estimating 

*  Agass.  Poiss.  vol.  ii.  p.  9.  Herr  Fred.  Eomer,  Ueber  Acanthodes  gracilis : 
Breslau,  1857.     Memoirs  of  Geological  Survey,  Decade  10.  pp.  37  &  57. 
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the  length  of  the  tail  beyond  that  point  at  IJ  inch,  we  arrive  at  a 

total  length  of  7  inches  for  the  perfect  fish.  The  depth  of  the  body- 
is  greatest  between  the  pectoral  and  ventral  fins,  where  it  measures 

1 J^  inch.  The  anterior  contour  of  the  head  is  obtusely  oval ;  and 
the  trunk  tapers  gradually  from  the  thoracic  region  to  the  spring  of 
the  tail.  On  comparing  these  dimensions  with  those  of  the  known 
species  of  the  genus,  it  appears  that  this  fish  was  far  less  bulky,  and 
more  elongated,  than  Acanihodes  Bronni  from  the  coal  of  the  neigh- 

bourhood of  Saarbriick,  but  not  so  slender  as  Acanthodes  gracilis, 
from  the  Permian  beds  of  Klein  Neudorf. 

In  one  or  other  of  the  specimens  the  curious  plates  encircling 
the  orbit,  the  pair  of  slender  ossicles  representing  the  lower  jaw, 
and  the  branchial  apparatus  are  well  preserved.  The  orbital  plates 
are  four  in  number  on  either  side,  and  are  prettily  ornamented  with 
minute  tubercles  or  granules.  They  are  very  similar  in  character 
to  the  analogous  parts  in  Acanthodes  gracilis.  The  styliform  bones 
forming  the  rami  of  the  lower  jaw  are  slender  and  rounded,  and 

about  I  of  an  inch  in  length.  The  branchial  apparatus  is  com- 
posed of  six  arches  (as  seen  in  one  specimen),  whereas  Eomer  has 

only  represented  four  in  his  restoration  of  Acanthodes  gracilis.  They 
are  arranged  more  longitudinally,  ̂ .  e.  more  parallel  to  the  outlines 
of  the  back  and  belly,  than  in  that  species.  They  seem  to  have  been 
unprotected  by  any  opercular  flap.  The  pectoral  spines  are  long, 
broad,  and  scimitar-shaped,  the  distal  end  being  flattened  out  and 
rather  blunt ;  a  deep  groove  runs  parallel  to  the  anterior  margin, 
and  a  few  obsolete  depressions  traverse  the  spine  obliquely  from  the 
inner  pectoral  margin  towards  the  outer  distal  extremity :  these  are 
not  so  prominent  as  the  grooves  on  the  pectoral  spines  of  Acanthodes 
gracilis.  The  spines  are  articulated  to  two  strong  T-shaped  cora- 
coids,  a  structural  peculiarity  common  to  all  the  Acanthodidae,  and 
affording,  according  to  Professor  Huxley,  one  of  the  strongest  argu- 

ments against  the  placoid  aflinities  of  the  family.  The  spines  sup- 
port fins  of  large  size,  the  full  extent  of  which  is  not  shown  in  any 

of  the  specimens.  The  ventral  spines  are  situated,  as  before  stated, 
at  one-third  of  the  antero-posterior  length  of  the  fish.  They  are 
short,  sharp,  and  recurved.  A  distinct  furrow  runs  along  the  front 
of  each.  They  bear  small  triangular  fins.  The  anal  spine  is  (next 
to  the  pectoral  spines)  the  most  powerful  of  these  defensive  weapons. 
It  is  long,  thick,  and  nearly  straight,  and  is  traversed  by  a  deep 
groove.  It  is  furnished  with  a  large  fin  extending  to  within  one- 
third  of  its  point.  The  dorsal  spine  is  inserted  over  and  behind  the 
anal  spine.  It  is  rather  weaker  than  that  spine,  and  is  slightly 
recurved,  but  resembles  it  in  all  other  respects.  The  tail  is  strikingly 
heterocercal.  The  upper  lobe  tapers  off  to  a  fine  point ;  the  inferior 
lobe  commences  below  with  strong  fin-rays,  which  diminish  in 
length  and  strength  as  they  ascend  along  the  upper  margin  of  the 
lower  lobe.  They  appear  to  be  composed  entirely  of  ganoin  ;  in  fact 
each  segment  has  the  character  and  appearance  of  a  thick  scale. 
There  is  nothing  remarkable  in  the  dermal  investment ;  the  scales 
are  smooth  externally,  and  have  their  under  surfaces  produced  into 
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small  circular  eminences.  They  increase  in  size  as  they  recede  from 
the  head,  and  are  largest  on  the  posterior  part  of  the  trunk.  A 
well- defined  lateral  line  traverses  the  flank  about  mid-distance 
hetween  the  back  and  belly,  and  an  auxiliary  mucous  duct  runs 
along  the  abdominal  parietes  as  far  as  the  anal  spine. 

I  am  desirous  of  giving  my  testimony  to  the  zeal  and  liberality 
which  Mr,  Ward  has  shown  in  advancing  the  knowledge  of  the 
organic  remains  of  his  district,  and  therefore  have  much  pleasure  in 
naming  this  rare  species  Acanthodes  Wardi. 

Accompanying  the  specimens  from  the  coal-shale  are  some  iron- 
stone nodules  containing  remains  of  Acanthodian  fishes,  indicating 

a  species  of  much  larger  size  than  the  one  above  described. 
One  of  these  contains  the  head  and  anterior  parts  of  a  fish  which 

must  have  measured  at  least  2  feet  6  inches  in  length.  Two  other 
nodules  contain  portions  of  the  head  of  (probably)  the  same  species, 
a  fourth  specimen  shows  a  pectoral  spine  3|  inches  in  length,  which 
may  also  have  belonged  to  the  same  species. 

The  only  other  distinctive  character  shown  by  these  specimens  is 
the  small  size  of  the  scales,  they  not  being  so  large  as  those  of  Acan- 

thodes Wardiy  which  species  measured  only  7  inches  in  length. 

Explanation  op  Plate  XXIII. 

(lUustratire  of  AeantJtodes  Wardi.') 

Fig.  1. — Acanthodes  Wardi.     Natural  size.     In  Mr.  Ward's  collection. 
Fig.  2. — Part  of  another  specimen  showing  the  branchial  apparatus.    Natural 

size.     In  Mr.  Ward's  collection. 

2.  A  Sketch  o/ i^6  Gravels  anrZ  Drift  o/ if/i^  Fenl AND.  EyHARRr 
Seelet,  Esq,  F.G.S.,  of  the  Woodwardian  Museum  in  the  Univer- 

sity of  Cambridge. 
Part  I. — Descriptive. 

[Abridged.] 

By  the  Fenland  is  here  understood  the  great  flat  country  west  of 
the  Chalk -hills  of  Norfolk,  from  Hunstanton  to  Cambridge,  thence 
to  Bedford,  and  so  north  to  Peterborough. 

Such  an  area  offers  many  conditions  favourable  for  a  consideration 
of  the  subject  of  this  paper,  being  bounded  by  Cretaceous  rocks  east 
and  south,  and  the  outcrop  of  the  Oolites  flanking  the  west,  while 
the  sea  opens  to  much  of  the  north ;  and  the  included  country,  being 
nearly  flat,  presents  a  minimum  of  complications. 

This  tract  slopes  gradually  to  the  sea,  which  it  resembles  in  its 
dreary  uniformity.  Every  village  and  town,  however,  indicates  a 
patch  of  higher  land  than  that  around  it ;  and  from  Chatteris,  round 
by  Haddenham  and  Ely,  to  Littleport  the  level  is  relatively  by  no 
means  low.  South  of  this,  too,  by  Denny  Abbey,  Cottenham,  Ramp- 
ton,  Over,  and  St.  Ives,  towards  Huntingdon,  there  is  a  line  of  higher 
ground.  And  south  of  this,  to  the  east  of  Cambridge,  are  low  Chalk- 
hills,  and  to  the  west  of  Cambridge  an  undulating  country  of  Cre- 

taceous outliers  and  hills  of  Boulder-clay  and  Oxford  Clay.  All  the 
higher  land  north-east  of  Cambridge  is  capped  with  Shanklin  Sand  (?). 
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And  the  great  level  itself  is  the  Fen-clay,  in  which  are  a  few  isolated 
reefs  of  Coral-rag,  and  some  stone-bands  in  its  Oxford-Clay  member, 
which  clay  covers  nearly  the  entire  area. 

There  are  in  this  region  three  kinds  of  drift — namely,  a  Boulder- 
clay  covering  the  high  land,  a  coarse  gravel  which  caps  the  hiUs, 
and  the  fine  gravel  of  the  plains. 

The  Boulder-clay  is  widely  spread  to  the  west  of  Cambridge.  It 
rarely,  if  ever,  forms  hills,  though  frequently  capping  them.  Yet 
it  is  thick ;  for,  near  Caxton  and  Longstow,  wells  in  it  have  been 
sunk  160  to  180  feet:  and  the  clay  seems  sometimes  to  fill  up 
valleys  ;  for  a  well  in  the  village  of  Caxton,  half  a  mile  north  of  the 
deep  sinkings,  found  the  drift  reduced  to  a  thickness  of  14  feet. 

From.  March  to  Longstowe  it  is  generally  a  dark-blue  deposit 
wholly  unstratified,  and  more  or  less  abundantly  charged  with  frag- 

ments of  Chalk  and  Septaria  and  Limestone -rock  of  the  ?Kim- 
meridge  Clay ;  while  fragments  may  be  found  of  almost  any  other 
rock,  though  not  everywhere.  They  abound  at  Longstowe ;  but  a 
little  north,  scarcely  anything  is  found  in  it  but  chalk ;  while  at 
March  the  clay  is  almost  free  from  fragments,  and  largely  used  for 
brickmaking. 

In  this  district,  as  elsewhere,  it  is  rare  to  find  gravel  over  the 
Boulder- clay,  though  at  a  lower  level  gravel  abounds.  Thus  the 
high  land  of  Elsworth,  Papworth,  and  Abbotsley,  is  Boulder-clay ;  and 
the  high  land  north  of  St.  Ives,  at  Bluntisham  &c.,  is  Boulder-clay ; 
yet  all  the  valley  between,  as  at  Fenstanton,  St.  Ives,  Hemingford 
Abbot,  &c.,  is  filled  with  a  fine  flint-gravel.  Where  the  Boulder- 
clay  ceases,  at  Elsworth,  there  the  gravel  begins,  and  thickens  as  it 
joins  the  valley  of  the  Ouse. 

At  Bluntisham  the  Boulder-drift  presents  the  usual  feature — 
capping  a  hill.     From  it  I  obtained : — 

Ammonites  serpentinus. 
  bifrons. 
  Marine. 
— —  cordatus. 
  biplex. 
  Achilles. 
  Lamberti. 
   serratus. 
  fimbriatus. 
  oxynotus. 
Pleurotomaria,  sp. 
Gryphsea  incurva. 

Grryphaja  cymbium.   dilatata.   ,  sp. 

Ostrea  deltoidea. 
  laeviuscula. 
Cardinia  Listeri. 
Belemnites  tornatilis. 
  abbreviatus. 
  ,  Liassic  sp. 
Belemnitella  mucronata. 
Terebratula  subimpressa. 

these  species  being  characteristic  of  the  Lias,  Oxford  Clay  and  Kim- 
meridge  Clay,  and  Upper  Chalk. 

The  Boulder-clay  at  Ely  is  brown,  and  remarkable  for  show- 
ing, in  places,  regular  courses  of  curved  lines  making  a  rough  stra- 

tification. But  the  chief  importance  of  the  section  is  in  the  fact 
that,  while  the  country  above  is  level,  the  Boulder-clay  has  been  let 
down  some  30  feet  by  a  fault,  thus  evidencing  considerable  denuda- 

tion since  the  Boulder-clay  was  deposited.     It  is  also  worth  stating. 
VOL.  XXII.   PART  I.  2  k 
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that  many  of  the  rocks  of  the  north  of  England  occur  here*,  and 
among  them  great  boulders  of  Mountain-limestone,  such  as  are  met 
with  at  Elsworth  and  Wimpole.  Boulder-clay  also  occurs  on  the 
south  side  of  the  city,  and  on  the  landward  side  of  most  of  the  hills 
in  the  Pens. 

In  the  Museum  of  the  Geological  Society  are  a  few  shells  from 
March,  Tellina  soliduJa  and  Ostrea  eduUs,  which  were  presented  in 

1846  by  H.  M.  Lee,  Esq.     They  are  marked  "  Eaised  beach." 
The  deposit  at  March  was  subsequently  examined  by  Professor 

Liveing  and  the  Eev.  0.  Eisher,  who  collected  many  fossils,  and 
presented  them  to  the  Woodwardian  Museum.  These  also  were 

marked  "  Eaised  beach."  But  on  visiting  March  in  1860, 1  found  a 
section  150  yards  long,  displaying  a  gravel  included  in  the  Boulder- 
clay.     The  gravel  was  thin,  a  foot  or  so,  though  thicker  east  and 

Fig.  1. — Section  at  March,  m  Easter  1860. 

a.  Eoulder-clay,    not    very  character- 
istic, b.  G-ravel. 

c.  Many  shells,  but  few  species. 
■1.  Gravel.     d\  Fine  gravel. 

e.  Boulder-clay. 
/.  Gravel.    f\  Sand. 

g.  Substriated       Boulder-clay, 
boulders. 

Few 

west,  and  overlain,  as  shown  in  the  section,  by  clay  containing  cha- 
racteristic specimens  of  Septaria  striated  by  drifting,  hard  chalk, 

often  deeply  grooved  as  though  by  ice,  and  one  bough  of  a  tree  some 
3  inches  in  diameter,  converted  into  imperfect  lignite.  The  gravel, 
which  was  largely  made  up  of  small  pieces  of  flint  and  of  sand, 
contains  an  abundance  of  comminuted  shells  and  many  whole  ones, 
Tellina  and  Turritella  being  commonest.  The  Boulder-clay,  where 
seen  underneath,  has  the  usual  characters.  In  the  middle  of  the  pit 
the  gravel,  which  was  deeply  ferruginous,  and  consisted  largely  of 
small  flint-fragments,  came  to  the  surface  ;  and  under  this  was  a 
layer  much  more  sandy,  with  some  rounded  pebbles  and  few  flints, 
and  half  made  up  of  shells.  Buccinum,  Trophon,  Litorina,  Oarclium, 
Tellina,  and  Ostrea  were  most  abundant ;  and  the  greater  part  were 
resting  in  natural. positions.  The  deposit  much  resembled  the  Norwich 
Crag  of  Thorpe,  or  of  the  Thorpe  near  Aldborough. 

'^  The  monks  appear  to  have  observed  the  peculiar  character  of  the  Boulder- 

clay  as  early  as  the  time  of  Henry  the  Sixth  ;  for  in  Lonelich's  translation  of  the 
Sank  Eyal,  a  copy  of  which  is  in  the  library  of  Corpus  Christi  College,  Cam- 

bridge, the  description  of  a  wound  where  the  flesh  had  been  burnt  away  to  the 
bone,  is  illustrated  by  the  lines, 

"And  the  bon  as  whit  it  lay, 

Lik  as  doth  chalk  in  the  clay." 
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Under  the  shell-bed  was  a  very  fine  sand,  which  was  cut-down- 
into  4  feet.  It  is  grey-brown  at  the  top,  but  darker  lower  down, 
becoming  argillaceous,  and  at  a  greater  depth  changing  to  a  blue- 
black  clay  clearly  stratified,  which  is  dug  for  biicks.  Out  of  this 
clay  were  got  Septarian  concretions,  and  fragments  of  a  large-grained 
Oolite  and  other  rocks.  The  pits  are  very  extensive  about  the  March 
railway -station  ;  and  everywhere  the  gravel  contains  shells,  though 
they  differ  from  pit  to  pit. 

Tracing  this  gravel  south  to  Wimblingdon,  near  the  railway-sta- 
tion, the  deposit,  quite  at  the  surface,  and  only  a  foot  or  two  thick, 

rests  on  one  of  those  thin  stonebands  so  common  between  the 

Oxford  and  Kimmeridge  Clays.  It  is  a  fine  sandy  gravel  with  the 
usual  shells ;  but  the  argillaceous-limestone  rock  was  drilled  with 
the  burrows  of  Pholades,  the  shells  still  being  in  the  holes. 

To  the  soutli  the  gravels  are  somewhat  continuously  spread  along 
by  Chatteris,  Somersham,  Earith,  St.  Ives,  Willingham,  to  Swaver- 
sey.  And  in  the  spring  of  1861,  walking  up  the  railway  between 
Over  and  Swaversey,  I  found  the  line  had  been  made  with  gravel 
dug  on  the  spot,  which  was  full  of  shells  similar  to  those  of  March, 
Tellina  soliclida  and  Tiirritella  communis  being  very  common,  and 
Cardium  edide  not  rare.  The  pits,  which  were  just  beyond  Drayton 
Gate-house  are,  unfortunately,  filled  in.  North  of  March  the  gravel 
is  continuous  nearly  to  Wisbeach. 

Marine  Shells  from  March. 

E,hynclionella  psittacea, 
Corbula  nucleus. 
Astarte  crebricostata. 

Mactra  elliptica. 
Tellina  proxiina. 

Mya  truncata. 
  arenaria. 
Tellina  solidula. 
Ostrea  edulis. 
Cardium  edule. 

Purpura  lapillus. 

Scalaria  communis. 

Trophon  clathratus.   scalaris. 

Buccinum  undatum. 
Bela  turricula. 
Turritella  communis. 
Litorina  litorea.   rudis. 

Natica  helicoides. 
Natica,  sp. 

I  will  here  notice  a  deposit  at  Hunstanton,  as  belonging  to  the 
same  geographical  district.  There  are  many  pits  between  Hunstanton 
and  Brancaster  where  the  gravel  is  thick  and  coarse  ;  but  south  of 
the  railway- station  a  hiU  has  been  cut  into  for  ballast,  exhibiting 
ash-coloured  sands  and  gravels  30  feet  thick  without  reaching  the 

bottom.  The  cross  stratification  is  very  marked,  and  the  beds  dift'er 
much  in  difi'erent  parts  of  the  pit.  In  some  of  the  bands  pebbles 
were  almost  as  well  rounded  as  on  a  pebble-shore  like  Dunwich. 
Shells  occur  in  several  distinct  bands  of  gravel,  and  at  various 
heights,  but  are  most  numerous  and  best  preserved  in  the  coarse 
layers. 

This  deposit  is  remarkable  for  the  absence  of  local  fragments 
(the  Eed  Rock  occurs  but  rarely,  and  then  only  in  small  pieces 
which  may  have  come  from  the  north)  ;  for  the  included  fragments 
comprise  every  kind  of  rock,   numerous  granites,  syenites,  traps, 

2k2 
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Cambrian,  Carboniferous,  Lias,  Middle  Oolites,  Kimmeridge  Clay, 
Shaiiklin  Sands,  Speeton  Clay,  chalk  and  flint,  and  lignite,  and 
these  in  such  proportion  that  it  can  hardly  be  called  a  flint-gravel. 
Besides  these  are  numerous  balls,  rough  and  round,  formed  of  pieces 
of  clay  which  had  rolled  on  a  shore  and  so  acquired  a  coating  of 

pebbles. 
At  the  top  is  an  earthy  gravel  with  Ostrea  edulis,  Mytilus  edulis, 

Cardium  edule,  &c.,  very  recent;  for  the  Mytilus  still  preserved  its 
epidermis. 

The  large  shells  were  broken,  and  all  showed  marks  of  drifting, 

in  breakage,  wear,  or  separation  of  the  valves.   Among  others  were : — 

Buccinum  undatum. 
JNassa  reticosa. 
  reticulata. 
Fusus  antiquus. 
Tellina  obliqua. 
Cardium  edule. 

Mytikis  edulis. 
Mya  truncata. 
Scrobicularia  piperata. 
Ostrea  edulis. 

Cyprina  islandica. Corbula  nucleus. 

Associated  with  these  were  a  Crioceras  from  the  Speeton  Clay, 
Millericrinus  probably  from  the  Coral  Rag,  pieces  of  shelly  Oolite, 
Ammonites  communis,  A.  annularis,  and  A.  Buchlandii,  a  Lias 

Belemnite,  Gryphoea  incurva,  Carhonicolce,  and  Palaeozoic  Rhyn- 
cTionellw. 

Southward  to  Lynn  there  is  on  the  west  a  flat  of  Kimmeridge 
Clay,  and  over  this  on  the  east  is  Carstone  and  sands,  but  so  abrupt, 
and  so  beautifully  worked  into  chines,  that  one  continually  turns 
round  to  look  for  the  sea,  now  far  away,  which  once  wore  and  washed 
them.  Gravels  occur  all  along,  similar  to  those  ferruginous  beds 
spread  about  Lynn,  and  which  extend  south  by  WaUington. 

Near  Peterborough,  at  Overton  Waterville  (or,  as  it  is  called  by 
the  country-people.  Cherry  Orton),  is  a  pit  which,  although  it  has 
been  noticed,  and  plates  of  its  fossils  given,  by  Dr.  Porter  in  his 

"  Geology  of  Peterborough,"  I  must  here  say  a  few  words  about. 
There  is  much  gravel  round  Orton ;  but,  as  Dr.  Porter  has  re- 

marked, it  is  only  at  this  pit  that  shells  are  found. 
In  the  section,  which  was  some  12  feet  deep,  there  is  (1)  earthy 

gravel  with  the  usual  pipes,  one  of  which  is  shaped  like  a  flask. 
These  pipes  descend  into  a  gravel  (2)  with  little  sand,  in  which 
the  worn  flint  and  Oolitic  fragments  rest  flat,  with  vacant  inter- 

spaces— a  feature  also  noticeable  in  several  neighbouring  pits.  It 
also,  as  do  other  local  gravels,  contains  numerous  dark  shining 
pebbles  from  the  Carstone,  but  they  are  less  numerous  than  at 
Whittlesea.  Below  this  is  a  shell-gravel  (3)  half  made  up  of  fluvio- 
marine  shells,  from  which  my  shells  were  taken.  Then  comes  (4) 
a  brown  clay,  full  of  httle  calcareous  concretions,  but  with  few,  if 
any  shells,  though  at  its  base  I  found  one  JRissoa  and  one  Cyclas; 
but  they  may  have  belonged  to  the  subordinate  bed  (5),  which  is  a 
marly  slate -coloured  clay,  mottled  with  iron,  with  freshwater  shells 
scattered  through  it. 

The  drift-deposits  already  referred  to  are  to  the  north  of  Cam- 
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bridge.  Those  now  to  be  noticed  are  in  its  more  immediate  neigh- 
bourhood. 

East  of  Cambridge  the  fine  flint-gravel  reaches,  by  Granchester 
and  Comber  ton,  nearly  as  far  as  the  Eoulder-clay  of  Stow,  being 
here  deposited  on  the  Gault. 

North  of  Cambridge  it  extends  in  a  continuous  bed  by  Barnwell, 
Chesterton,  Histon,  Oakington,  Long  Stanton,  Landbeach,  Water- 
beach,  Denny  Abbey,  and  in  a  less  continuous  belt  nearly  all  the 
way  to  Ely.  At  Comberton,  teeth  of  the  Tichorhine  Rhinoceros 
have  been  found ;  but  it  is  only  from  a  few  pits  that  bones  can 
be  collected,  though  at  BarnweU  and  Chesterton  they  are  not  rare. 
I  have  found  shells  in  the  gravel  under  the  Observatory  on  the  St. 
Neots  Road,  at  Barnwell,  Chesterton,  and  Oakington ;  but  in  every 
case  they  were  land  or  freshwater  forms,  though  from  the  gravel  of 
Waterbeach  the  Woodwardian  Museum  has  a  vertebra  of  a  whale, 
which,  from  its  preservation,  was  evidently  contemporaneous  with 
the  formation  of  the  bed.  It  has  lost  its  epiphyses,  and  is  seemingly 
worn. 

At  and  beyond  Trumpington  the  gravel  is  remarkable  for  the  great 
extent  to  which  its  upper  2  or  3  feet  are  contorted  and  folded, 
as  though  by  lateral  pressure.  Except  in  some  so-called  brick- 
earths  near  Hadleigh  in  Suffolk,  I  never  saw  more  marked  instances 

of  the  kind  on  a  small  scale.  But  the  gravel-flexures  may  only  in- 
dicate the  site  of  an  ancient  forest. 

About  Cambridge  the  chief  pits  are  at  Barnwell  and  Chesterton, 
where  the  gravel  often  shows  a  large  amount  of  false  bedding,  which 
varies  greatly  from  year  to  year. 

This  gravel  consists  chiefly  of  small  flint-fragments,  generally  with 
sharp  angles,  often  with  the  angles  rubbed  off ;  and  rarely  specimens 
may  be  found  which  are  well  rounded.  It  is  no  uncommon  thing 
to  find  a  flint  well  worn  on  one  side,  but  with  the  others  showing 
fractured  surfaces,  which  fact  clearly  indicates  that  the  flint  was 
already  a  worn  and  drifted  boulder  before  broken  up  to  form  gravel. 
Phosphatic  nodules  and  shells  of  the  Greensand  are  not  rare ;  and 
many  of  the  smaller  fossils  of  the  latter  bed  may  be  found  in  the 
Barnwell  gravel  in  vast  numbers.  Upper  Chalk  fossils  are  common. 
Lias  gryphites,  greatly  worn,  are  numerous ;  and  the  Oxford-clay 
gryphites  in  fragments  are  not  rare.  I  have  found  some  corals  like 
those  of  the  Coral  Rag.  The  rock-specimens  which  have  come 
from  great  distances  are  rarely  large.  The  largest  block  which  I 
have  seen  from  Barnwell,  measured  about  a  foot  and  a  half  in 
each  diameter,  and  was  probably  from  the  Shanklin  Sands.  Jas- 

per conglomerate  is  found  in  angular  blocks  of  a  few  inches  dia- 
meter. Granites  of  various  kinds,  syenites,  and  traps  of  various 

characters,  some  of  them  amygdaloid,  are  among  the  common  ''ig- 
neous "  rocks,  occurring  in  partly  rounded  boulders  from  3  to 

about  9  inches  in  diameter.  There  are  fragments  of  Oolitic  Lime- 
stone. But  all  these  are  comparatively  rare,  and  might  pass  un- 
noticed, but  that  in  sifting  the  gravel  they  are  necessarily  thrown 

out.     At  Chesterton  they  are  much  more  abundant  than  at  Barn- 
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well,  thoTigh  the  pits  are  but  a  mile  apart  and  the  gravel  is  con- 
tinuous ;  but  the  level  is  a  little  lower. 

Examined  generally,  the  gravel  is  formed  of  layers  which  extend 
pretty  continuously  round  the  pit.  The  lowest  layer  exhibited  is 
quite  a  coarse  bed,  with  pebbles,  mostly  rounded.  About  two  feet 
above  this  is  a  bed  of  yellowish-brown  marl,  almost  clay,  irregular  in 
thickness,  from  a  few  inches  to  four  feet.  At  times  cuttings  display 
one  or  two  similar  but  thinner  beds  in  the  upper  part  of  the  section. 
The  lines  of  bedding  are  partly  marked  by  change  of  material,  but 
for  the  most  part  by  infiltration  of  the  red  oxide  of  iron. 

The  most  important  stratum  is  the  marl-bed,  first  described  by  the 
Eev.  P.  B.  Brodie ;  for  in  this  are  found  fragments  of  plants,  seed- 
vessels  of  Char  a,  and  many  shells,  some  freshwater,  others  land  forms, 
nearly  all  now  living  in  Britain,  and  only  a  few  differing  as  varieties 
from  the  common  English  species.  Here,  too,  are  found  the  bones  of 
various  mammals,  probably  all,  or  nearly  all,  extinct ;  and  in  the  same 
bed  is  evidence  of  man  in  his  work.  The  gravel- diggers  state  that 
the  bones  are  generally  found  in  the  marl-bed.  Neither  the  friable 
shells,  nor  the  larger  bones,  seem  much,  if  at  all,  worn. 

It  had  long  been  a  matter  of  astonishment  that  the  bed  had  never 
given  any  evidence  of  a  carnivorous  animal ;  but  my  friend,  Mr. 

Dewick,  of  St.  John's  College,  first  supplied  the  evidence  of  their 
existence  by  finding  a  phalange  ;  and  Mr.  Earren  afterwards 
showed  me  a  well-preserved  jaw  of  the  great  Cave-tiger  from 
Barnwell. 

The  bones  from  Barnwell  are  :  — 
Bos. — Right  OS  calcis,  distal  end  of  left  femur,  right  and  left  me- 

tatarsus, left  astragalus,  and  glenoid  end  of  scapula. 

Equus. — Distal  end  of  right  tibia,  hoof,  1st  phalange,  and  2nd 
phalange,  distal  end  of  left  humerus,  and  teeth. 

Cervus  (megaceros,  var.). ̂ Distal  end  of  left  tibia,  distal  end  of 
metacarpus,  right  astragalus,  distal  end  of  left  humerus,  cranium, 
palate,  and  left  tibia,  antler,  &c. 

Cervus  (small). — Scapula  and  left  os  innominatum. 
Rhinoceros  (tichorhinus), — Last  premolar  right  side  lower  jaw, 

penultimate  molar  right  side  upper  and  lower  jaws,  penultimate 
molar  left  side  upper  jaw,  and  last  molar  right  side  upper  jaw  ; 
right  astragalus,  6th  and  7th  cervical  and  anterior  dorsal  vertebrae, 
right  tibia  (very  young),  proximal  end  of  left  radius,  right  condyle 
of  left  femur,  middle  left  metatarsal,  distal  end  of  left  humerus,  left 
tibia,  and  cranium. 

Elephas primigenius. — Eoiirth  metatarsal  right  leg,  middle  meta- 
carpal right  leg,'  femur,  carpal,  last  true  molar  right  side,  set  of 

molars,  tusks  large  and  small,  and  cervical  vertebrae. 

Elephas  antiquus. — Molar  lower  jaw. 
Hippopotamus. — Eight  os  calcis,  left  os  calcis,  and  incisor  tooth. 

The  land  and  freshwater  shells  of  Barnwell  are  given  from  a  list 
prepared  by  Mr.  Dewick  from  the  specimens  in  his  own  collection, 
which  is  the  best  yet  made  : — 
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List  of  Land  and  Freshwater  Shells  from  Barnwell. 

Sphaerium  corneum,  Lin. 
Pisidium  amnicum,  Mull. 

   fontinale,  Drap.       The   typical 
form  occurs  together  with  var.  Hen- 
slowana. 

Unio  pictorum,  Lin. 

  rhomboideus,  Sckrot.  Many  spe- 
cimens still  retain  the  ligament. 

One  occurred  of  almost  circular 

form  (L.  1"5  inch;  B.  1*9  inch). 
Cyrena  fluminalis. 
Hydrobia  marginata,  Mich. 
Bithynia  tentaculata,  Lin. 
Valvata  piscinalis,  Miill. 
  cristata,  Milll. 
Planorbis  nitidus,  Midi. 

■   glaber,  Jeff. 
  spirorbis,  Milll. 
■   vortex,  Lin. 

  complanatus,  Lin. 
  contortus,  Lin. 
Limngea  peregra,  Miill. 
  auricularia,  Lin. 

  palustris,  Miill. 
  truncatula,  MUll. 
Ancylus  fluviatilis,  Miill. 
Succinea  putris,  Lin.  Some  of  the 

forms  approach  S.  elegans,  Risso. 
Zonites  cellarius,  Miill. 

Zonites  nitidulus,  Vrap. 
  nitidus,  Midi. 
  fulyus,  Mull. 
Helix  nemoralis,  Lin. 

  arbustorum,  Lin.  Both  the  typical 
form  and  the  var.  alpestris,  as  well  as 
intermediate  varieties  may  be  easily 
found. 

  hispida,  Lin.     Very  common.      I 
found  one  specimen  with  reversed 

spire.   ericetorum,  Midi. 
  rotundata,  Milll. 

  pygmsea,    Drap.     Common.     One 
occurred  with  reversed  spire. 

Bulimus  montanus,  Drap. 

Pupa  marginata,  Drap. 
Vertigo  antivertigo,  Drap. 

  pygmaea,  Drap. 
  Moulinsiana,    Dupuy.    (Mr.  J.  Gr. 

Jeffreys  has  kindly  verified  this  de- 
termination, and  says  that  it  "  cor- 

responds in  size  with  continental  spe- 

cimens.") Clausilia  rugosa,  Drap. 

  biplicata,  Mont. 
Cochlicopa  tridens,  Bulteney. 
  lubrica,  Miill. 

Carychium  minimum,  Miill. 

We  here  find,  as  in  other  contemporary  deposits,  Cyrena  flumi- 
nalis, HydroJ)ia  marginata,  and  Unio  rhomboideus,  which  have  now 

become  extinct  in  England.  Vertigo  Moulinsiana  has  been  once 
met  with  by  Mr.  Jeffreys  in  Ireland,  but  has  not  hitherto  occurred 
in  England. 

The  shells  are  mostly  in  a  very  good  state  of  preservation.  The 
Helices  retain  their  bands  of  colours,  and  the  bivalves  are  generally 
found  with  united  valves. 

March  15,  1866.  Edw.  S.  Dewick. 

The  evidence  of  the  existence  of  man  consists  of  a  cut  bone.  The 

specimen  is  a  second  rib,  like  that  of  an  elephant,  and  was  ob- 
tained by  the  Rev.  E.  J.  Blake,  M.A.,  of  Caius  College,  in  the  spring 

of  1862.  The  greater  part  of  the  bone  is  wanting,  having  been 
severed  at  about  three  inches  from  the  articular  end,  which  part 
only  is  preserved.  This  fossil  shows  on  the  severed  end  numerous 
cut  surfaces,  evidently  made  with  some  sharp  instrument  used  by  a 
powerful  hand.  The  facets  extend  aU  round  the  end ;  and  it  is  not 
impossible  that  they  were  made  to  facilitate  the  breaking  of  the  bone, 
much  as  one  would  notch  a  broomstick  before  putting  it  across  the 
knee.  The  specimen  is  beautifully  preserved,  and  does  not  show  a 
trace  of  attrition  or  gnawing,  nor  are  there  on  it  any  other  cuts.  It 
is  in  the  usual  condition  of  Barnwell  gravel-fossils,  of  a  pale  rusty- 
yellow  colour,  slightly  glossy,  and  has  lost  most  of  its  animal  matter. 
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There  is  no  doubt  that  the  whittling  is  as  old  as  the  bone ;  for,  be- 

sides the  fact  of  the  cut  surfaces  having  the  same  features  as  those 
which  are  natural,  and  their  very  existence  being  unknown  until  the 
fossil  came  into  my  hands,  there  is  the  satisfactory  circumstance  of 
a  few  of  them  being  covered  with  a  stalagmitic  deposit ;  moreover 
these  facets  are  slightly  concave,  as  if  shrunk  from  the  animal  matter 
having  been  subsequently  removed. 

It  occurred  twelve  feet  deep,  in  the  freshwater  stratum  of  Barn- 
well, associated  with  remains  of  Elephant,  Ehinoceros,  and  Hippo- 

potamus. 
There  is  another  class  of  facts  in  connexion  with  this  gravel 

worth  remark ;  and  that  is,  the  "  pipes  "  and  what  I  shall  name 
*'  walls."  The  pipes  vary  much  in  size  and  length ;  the  particles 
of  gravel  generally  dip  towards  them,  though  in  one  instance  the 
edges  of  these  beds  on  each  side  were  directed  upward — which  I  can 
account  for  by  a  gaping  of  the  gravel,  and  material  falling  into  the 
hole  while  it  was  closing,  or  by  the  forcible  uprooting  of  a  tree. 
The  ivalls  extend  from  the  top  to  the  bottom  of  the  pits ;  they  are 
more  uniform  in  width  than  the  pipes,  and  are  usually  hard,  so  that 
when  the  gravel  is  dug  away  they  stand  out  like  walls.  At  Ches- 

terton, one  about  eight  inches  thick  had  the  gravel  dug  away  on  each 
side  for  from  twenty  to  thirty  feet.  Its  sides  were  hard  like  mortar. 
The  direction  was  north  and  south.  One  at  Barnwell,  originally  only 
a  foot  wide,  after  a  few  feet  had  been  cut  away  terminated  in  the  fault 
shown  in  fig.  2. ;  and  when  a  few  feet  more  were  cut  down  all  trace 
of  disturbance  was  lost. 

Fig.  2. — Section  in  the  Barmuell  Gravel-pit,  showing  a  downward 
slip  of  6  inches. 

a.  Marl  bed.  b.  Fine  gravel.  c.  Marl  bed.  d.  Fine  gravel. 
The  width  of  the  faulted  piece  at  the  upper  marl  band  is  7  feet. 

These  seem  to  me  to  be  the  typical  facts  of  the  Cambridgeshire 
gravels ;  and  it  is  only  to  be  added  that  Prof.  Hailstone  and  Mr. 

Warburton,  in  an  early  volume  of  the  Geological  Society's  Transac- 
tions, described  the  coarse  gravel  capping  the  Gogmagog  and  Harston 

hiUs.     From  the  Gogs,  Prof.  Sedgwick  and  I  have  collected  exam- 
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pies  of  nearly  every  rock  in  the  north  of  England,  especially  those  of 
the  Yorkshire  coast  (Kelloway  rock,  the  sandstones,  limestones,  and 
shales)  and  the  Eed  Eock  of  Hunstanton.  Though  Carboniferous  and 
older  Palaeozoic  rocks  and  fossils  abound,  and  trap  and  plutonic  rocks 

are  not  rare,  they  are  rounded  boulders,  the  flints  are  often  un- 
broken, and  there  is  a  rough  stratification.  But  the  most  important 

fact  about  the  deposit  is,  that  descending  on  the  east  side  towards 

Pulbourn  it  becomes  Boulder- clay  *. 

Part  II.  Theoretical. 

[Abstract.] 

In  this  part  of  the  paper  the  author  endeavours,  from .  internal 
and  other  evidence  of  the  deposits,  to  indicate  their  origin  and  their 
relative  age. 

1.  Brown-  or  Boulder-  Clay. — He  concludes  that,  prior  to  the  de- 
pression of  the  country,  when  the  Boulder- clay  was  formed,  the  Wash 

had  no  existence,  and  that  the  Cretaceous  barrier  between  Waynfleet 
and  Hunstanton  was  not  broken  through.  He  inclines  to  believe  that 

this  Boulder-clay  was  deposited  by  drifting  ice,  on  the  hill- tops  &c., 
much  where  now  found,  during  a  period  of  change  so  slow  that  the 
fauna  was  able  to  migrate  and  follow  it.  There  is  no  evidence  in 

the  deposit  of  glacier-action ;  but  it  contains  rock-specimens  such 
as  are  now  found  in  Yorkshire  strata.  It  appears  to  be  the  oldest 
drift-deposit  of  the  district ;  and  the  author  correlates  it  with  the 
Brown  Clay  or  Till  of  the  Norfolk  coast. 

2.  Coarse  Gravel. — This  is  chiefly  found  capping  or  bordering  the 
Boulder-clay ;  and  the  author  infers,  from  its  composition  and  rela- 

tions, that  it  has  resulted  from  the  mud  having  been  washed  away  from 
the  Boulder- clay  during  the  period  when  the  country  was  rising  from 
the  sea.  It  is  chiefly  found  on  hills,  and  is  of  the  age  of  the  Con- 

torted Drift  of  the  Norfolk  coast. 

3.  Deposits  neiver  than  the  Fine  Gravel  of  the  Plains. — These  are, 
first,  a  Peat,  anterior  in  date  to  the  formation  of  Whittlesea  Meer. 
Under  this  is  a  Marine  Clay  with  remains  of  Walrus,  Seal,  &c., 
Ostrea,  Cardium,  Scrohicularia.  It  is  named  by  the  workmen 

"  buttery  clay."  Under  this  is  an  older  Peat  containing  extinct 
mammals,  such  as  Bos  frontosus,  Bos  primigenius,  Cervus  megaceros. 
Among  the  other  species  are  Cams  lupus,  Castor  europceus,  Sus 

scrofa,  Cervus  elaphus,  Cei'vus  capreolus,  Lutra  vulgaris,  Ursus 
arctos,  &c.  Among  the  fossils  have  been  found  teeth  of  Rhinoceros 
and  Hippopotamus,  probably  derived  from  the  gravel.  The  fauna 
of  these  beds  is  very  similar  to  that  of  the  newest  gravel.  They 
correspond  to  the  peat-  and  sand-beds  which  fill  the  valley  of  the 
Mundesley  Section. 

*  In  a  supplement  to  a  Lecture  on  the  Fens  and  their  Fossils,  Professor 
Sedgwick  (in  1862)  gave  a  brief  but  clear  account  of  these  drift-deposits.  I  have 
used  Professor  Sedgwick's  names  as  having  the  sanction  of  half  a  century  of 
teaching,  and  have  freely  availed  myself  of  the  Professor's  experience  as  given in  his  Lectures. 
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4.  Fine  Gravels  of  tlie  Plains. — The  author  is  of  opinion  that  the 
physical  geography  demonstrates  these  beds  to  have  been  of  marine 
origin;  and  the  false  bedding  is  such  as  estuarine  currents  would  pro- 

duce. Hence  it  is  inferred  that  these  gravels  were  formed  from  denu- 
dation of  the  Upper  Chalk  and  local  rocks,  and  of  the  coarse  gravel  and 

old  Boulder-clay.  The  presence^  of  the  marl-bed,  composed  largely 
of  Cretaceous  foraminifera,  shows  by  its  fossils  that  since  the  period 
of  coarse  gravel  the  country  had  become  capable  of  supporting  many 
kinds  of  life.  Eeconstructed  Boulder-clay  and  gravel  must  both 
result  from  the  same  cause.  The  March  deposit  is  regarded  as  the 
oldest  of  the  fen  gravels,  probably  formed  between  the  coarse  gra- 

vel and  the  marl-bed  of  the  gravel  of  the  plains. 
These  beds^are  correlated  with  the  Upper  Boulder-clay  and  coarse 

gravel  of  the  Norfolk  Section. 

3.  Additional  Observations  on  the  Geology  of  tlie  Lakb-coijntry. 
By  Professor  E.  Harknbss,  F.R.S.,  F.G.S.,  and  Henry  Nichol- 

son, Esq.  With  a  Note  on  two  New  Species  of  Trilobites,  by 
J.  W.  Salter,  Esq.,  E.G.S. 

Recent  investigations  among  the  Skiddaw  slates  have  made  impor- 
tant additions  to  the  fauna  of  this  portion  of  the  Lower  Silurian 

series :  the  fossils  which  have  been  obtained  have,  for  the  most  part, 
come  from  the  Coldale  valley,  from  strata  which  form  the  lowest 

rocks  of  the  Lake-country*.  There  have  now  to  be  added  to  the 
fossils  of  this  portion  of  the  Skiddaw  slates  two  Trilobites,  namely  a 
new  form  of  Phaeops,  found  at  Whiteside,  near  Coldale,  and  JEglina 
hinodosaf.  To  these  have  to  be  added  perfect  tails  of  Caryocaris 
Wrightii,  the  portion  which  had  not  been  discovered  when  Mr.  Sal- 

ter's figure  was  published ;  and  these  bear  out  in  every  respect  the 
restoration  of  this  Crustacean  by  that  palaeontologist. 

The  lower  beds  of  the  Skiddaw  slates  have  recently  furnished  other 
fossils,  among  which  is  a  small  Lingula  nearly  allied  to  L.  hrevis, 
Port.,  according  to  Mr.  Davidson,  and  some  small  oval  bodies 
arranged  in  a  ribbon-shaped  form.  These  latter  appear  to  be  ova, 
and  they  occur  in  the  greatest  quantities  where  Caryocaris  Wrightii 
abounds. 

The  branching  Bryozoon  figured  in  the  Memoir  referred  to  in  the 
note  has  also  recently  been  met  with  in  greater  perfection  among  the 

*'  Screes  "  on  the  sides  of  Prozzengill.  As  figured  in  Mr.  Salter's 
note,  it  is  represented  as  small  dichotomously  branching  stems. 
The  portions  which  have  recently  been  obtained  show  stronger  stems 
than  the  original  fossils,  and  these  stronger  stems  have  anastomosing 
thinner  portions,  giving  the  fossil  an  aspect  very  like  the  corneous 
axis  of  a  Gorgonia. 

^  Quart.  Journ.  Geol.  Soc.  vol.  xix.  p.  116. 
t  The  latter,  we  learn  from  Mr.  J.  P.  Morris,  of  Ulverston,  was  obtained  from 

Outerside,  on  the  south  of  the  Coldale  valley,  by  Mr.  Bolton. 
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The  upper  portion  of  the  Skiddaw  slates,  which  is  more  soft  and 
shaly  than  the  middle  and  lower  parts  of  the  group,  has  also  recently 
furnished  fossils  which  are  new  to  this  series  in  the  north  of  Eng- 

land. The  locality  yielding  these  fossils  is  not  in  the  Lake-country 
proper,  but  a  spot  in  the  north-east  of  Westmoreland.  The  twenty- 
first  volume  of  the  Quarterly  Journal  of  the  Geological  Society,  page 
239,  contains  a  section  of  the  Lower  Silurian  rocks  which  occur  im- 

mediately west  of  the  Pennine  escarpment,  showing  the  Skiddaw  slates 
rising  from  beneath  the  greenstones,  porphyries,  and  ash-beds  which 
form  Burney  Hill.  The  Skiddaw  slates  here  form  an  axis,  the  north 
side  of  which  is  overlain  by  the  greenstones,  porphyries,  and  ash-beds 
of  Grumpley  Hill ;  and  immediately  north  of  the  axis,  and  cutting 
through  the  Skiddaw  slates,  is  Crowdundle  Beck,  into  which  a  small 
stream  flows,  which  exposes  a  fine  section  of  their  higher  beds.  The 
fossils  which  this  section  affords  are  principally  Graptolites,  among 
which  is  Diplograpsus  teretiusculus,  a  form  not  hitherto  recognized  in 
the  Skiddaw  slates;  and  from  this  locality  there  has  also  been  obtained 
Ajjnostus  Morei,  Salter. 

These  additions  to  the  fauna  of  the  Skiddaw  slates — a  series  of 
deposits  which  was  for  a  long  time  regarded  as  almost  unfossiliferous 
— although  not  large,  are  important,  as  they  furnish  for  the  first  time 
evidences  of  the  existence  of  Trilobites  and  Brachiopoda  in  strata 
which  represent  the  Lower  Llandeilo  rocks  in  the  north  of  England. 

The  thick  series  of  greenstones,  porphyries,  and  ash-beds  which 
in  the  Lake-country  succeeds  the  Skiddaw  slates,  has  hitherto  yielded 
no  fossils,  although  the  slaty  ash-beds  have  been  carefully  examined 
for  them.  These  newer  rocks  are  the  result  of  very  different  condi- 

tions from  those  which  gave  rise  to  the  Skiddaw  slates,  the  latter 
being  purely  sedimentary  rocks,while  the  formerwere  produced,  either 
directly  (as  in  the  case  of  the  greenstones  ̂ d  porphyries)  or  indi- 

rectly (in  the  state  of  ash-beds),  by  igneous  causes.  Notwithstanding 
the  difference  in  the  origin  of  these  two  groups  of  Lower  Silurian 
rocks  of  the  Lake-country,  there  does  not  appear  to  be  sufficient 
evidence  to  show  that  any  unconformability  exists  between  the  Skid- 

daw slates  and  the  succeeding  green  rocks. 
The  band  of  Lower  Silurian  rocks  which  in  Cumberland  and 

Westmoreland  lies  immediately  west  of  the  Pennine  escarpment 

contains,  among  the  greenstones,  porphyries,  and  ash-beds,  a  highly 
fossihferous  zone,  the  strata  forming  which  are  dark  flaggy  rocks, 
reposing  on  ash-beds  which  overlie  the  porphyry  of  Dufton  Pike ; 
and  this  fossiliferous  zone  is  succeeded  by  porphyry*.  The  igneous 
rocks  of  this  district  bear  great  resemblance  to  those  of  the  Lake- 
country  ;  but  the  fossiliferous  zone  has  a  more  decidedly  sedimentary 
aspect  than  any  of  the  ash-beds  which  are  associated  with  the  green- 

stones and  porphyries  of  the  latter  area. 
Notwithstanding  this  difference  in  mineral  nature,  there  is  in  the 

Lake-country  a  zone  corresponding  with  the  fossiliferous  band  of 
North-east  Westmoreland  ;  and  it  also  affords  fossils. 

The  porphyry  which,  among  the  Lower  Silurian  beds  on  the  west 

^  Quart.  Jourii.  Geol.  Soc.  vol.  xxi.  p.  242. 
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side  of  tlie  Pennine  escarpment,  overlies  the  fossiliferous  flaggy  strata, 
is  succeeded  by  a  limestone  which  is  the  equivalent  of  the  Bala 
Limestone  of  Wales,  and  of  the  Coniston  Limestone  of  the  Lake- 
country.  The  Coniston  Limestone  of  the  Lake-country  is  well  seen 
in  the  valley  of  Long  Sleddale,  having  been  worked  on  both  the  east 
and  the  west  sides  of  the  valley.  To  the  north-west  of  this  lime- 

stone, and  supporting  it,  is  a  porphyry  agreeing  in  all  respects 
with  that  immediately  beneath  the  Coniston  Limestone  of  Keisley, 
near  Dufton,  which  separates  the  limestone  from  the  fossiliferous 

zone.  In  Long  Sleddale,  north-west  of  this  porphyry  are  ash-beds 
which  have  been  worked  for  slates ;  but  the  quarries  are  now  aban- 

doned. The  old  slate-quarry  is  known  as  iStyle  End  Grassing  Quarry, 
and  forms  a  portion  of  the  southern  skirts  of  Harterfell.  Among 
the  debris  of  the  quarrj^  a  few  fossils  may  be  obtained,  which 
make  their  appearance  in  consequence  of  some  of  the  slaty  rocks 
weathering  along  the  planes  of  bedding. 

At  Sunney  Brow,  a  short  distance  west  of  Windermere  Lake,  the 
same  fossiliferous  rocks  occur,  and  under  nearly  the  same  circum- 

stances as  at  Style  End  Grassing.  A  mass  of  porphyry  here  also 
separates  the  ash-beds  from  the  Coniston  Limestone ;  and  the  ash- 
beds  have  been  worked  for  slates  at  Pull  Scar,  on  the  side  of  a  hill 

immediately  north-west  of  Sunney  Brow.  The  fossils  are  rare  in 
the  slaty  rocks,  but  they  are  by  no  means  uncommon  in  the  green 
sandstones  which  interstratify  the  slaty  beds  of  Pull  Scar ;  and  as 
the  coarser  rocks  have  been  used  for  diking,  the  fossils  can  be  ob- 

tained from  the  walls  near  the  quarry,  where  they  weather  out 
rapidly. 

The  fossils  of  Style  End  Grassing  and  Pull  Scar  are  nearly  iden- 
tical. They  consist  of  Stenopora  fibrosa,  Petraia  subduplicata,  Orthis 

vespertilio,  0.  fiahellulum,  Strojoliomena  tenuistriata,  and  crinoid 
stems.  The  fossils  of  Pull  Scar  are  less  distorted  by  cleavage  than 
those  of  Style  End  Grassing,  and  in  both  localities  the  forms  are 
those  which  are  most  abundant  in  the  fossiliferous  flags  of  Dufton. 
The  coarser  strata  of  Pull  Scar  resemble  the  fossiliferous  ash-beds  of 
Snowdon ;  the  finer  beds  of  Style  End  Grassing  are  nearly  allied  to 
the  ash-beds  of  Grange  Hill,  which  underlie  the  Bala  Limestone  of 
the  Chair  of  Kildare,  in  both  of  which  deposits  fossils  similar  to  those 
of  the  ash-beds  of  the  north  of  England  occur. 

The  fossiliferous  flags  of  Dufton,  and  the  fossiliferous  ash-beds  of 
the  Lake-country,  appertain  to  the  Bala  or  Caradoc  age.  There 
is,-  in  the  north  of  England,  beneath  these  a  great  thickness  of 
igneous  rocks,  which  separate  them  from  the  Skiddaw  Slates,  and 
which  probably  represent  the  Upper  Llandeilo  group. 

Although  the  evidence  of  the  occurrence  of  the  Upper  Llandeilo 
in  the  Lake-country  is  not  satisfactory,  the  Bala  or  Caradoc  forma- 

tion is  well  marked,  and  is  capable  of  being  divided  into  three  dis- 
tinct groups.  The  lower  is  made  up  of  igneous  rocks  and  ash-beds, 

but  has  no  well-defined  base ;  the  middle  consists  of  a  mass  of  highly 
fossiliferous  limestone,  with  associated  black  shales,  and  has  been 

described  by  Professor  Sedgwick  under  the  name  of  Coniston  Lime- 
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stone ;  and  the  upper  portion  is  a  series  of  dark- grey  sedimentary 
rocks,  which,  as  it  yields  valuable  flags,  has  been  designated  by 
Professor  Sedgwick  the  Coniston  Flags.  The  higher  portion  of  this 
upper  series  is  made  up  of  coarser  rocks,  termed  Coniston  Grits  by 
Professor  Sedgwick ;  and  these  form  the  top  of  the  Lower  Silurian 
series  of  the  Lake-country. 

The  fossils  of  the  lower  portion  of  the  Bala  or  Caradoc  group  have 

been  already  mentioned*.  Those  of  the  middle  part  of  the  series, 
and  also  some  of  those  of  the  upper  portion,  have  been  alluded  to  by 
Professor  Sedgwick  f.  Of  the  latter  there  occurs  in  an  old  flag- 
quarry  in  Long  Sleddale  Graptolites  Ludensis ;  and  in  the  quarry  now 
wrought  at  Eandy  Pike,  between  Ambleside  and  Hawkshead,  Pha- 
cops  obtusicaudatus,  Salter,  Orihoceras  filosum,  0.  tenuistriatum,  and 
0.  suhannulatum  are  found. 

The  Coniston  Flags,  which  are  extensively  worked  at  Broughton 
Moor  and  Kirkby  Ireleth  Moor,  afford  additional  fossils.  These 
consist  of  Diplograpsus pristis  (which  occurs  in  a  high  state  of  relief), 
Orthis  crispa,  and  Cardiola  interrupta. 

In  the  Furness  district,  to  which  Broughton  Moor  and  Kirkby 
Ireleth  Moor  belong,  the  three  members  of  the  Caradoc  formation 
are  well  represented,  and  they  are  the  only  Silurian  rocks  which 
there  occur.  Their  appearance  in  this  district,  to  the  exclusion  of 
other  Silurian  rocks,  results  from  two  faults,  having  north-east  and 
south-west  directions,  with  downthrows  towards  the  north-west. 
These  faults  were  alluded  to  by  Professor  Sedgwick  at  the  Aberdeen 
meeting  of  the  British  Association. 

One  of  these  faults  crosses  the  country  about  two  miles  south  of 
Broughton  in  Furness,  near  Eake  End,  where  the  coarser  beds  of 
the  Upper  Caradoc,  the  Coniston  Grits,  are  seen.  Immediately  south 
of  Eake  End  is  a  mossy  flat ;  and  to  the  south  of  this  flat,  at  Bank 
End  Hill,  the  Lower  Caradoc  appears  in  the  form  of  porphyry.  In 
the  mossy  interspace  the  fault  occurs.  Southward  from  the  porphyry 
the  Coniston  Limestone  is  found,  having  been  worked  at  Gill  End 
Gill,  a  short  distance  south-east  of  the  village  of  Soutergate ;  and 
south-east  of  the  limestone  the  Coniston  Flags  again  make  their 
appearance.  A  more  southern  fault,  parallel  to  the  one  just  alluded 
to,  occurs  a  little  north  of  Dalton  in  Furness.  This  also  brings 
up  on  its  south-east  side  the  Coniston  Limestone,  which  is  seen  at 
High  Haume. 

Such  are  the  two  faults  and  their  results ;  and  had  they  been 
traced  north-eastward,  they  would  have  been  found  to  extend  beyond 
the  Furness  district. 

The  Coniston  Flags  at  Eoss  House,  near  Ulverston,  affbrd  Cardiola 
interrupta ;  and  the  same  rocks  a  little  nearer  Ulverston,  at  Games- 
well,  yield  Actinocrinus  pulcher  greatly  distorted  by  cleavage.  The 
fossils  from  these  localities,  and  also  those  from  Broughton  Moor 
and  Kirkby  Ireleth  Moor,  have  been  collected  by  Mr.  J.  P.  Morris, 
of  Ulverston. 

At  Lowick,  west  of  the  Crake,  which  flows  out  of  Coniston  Lake, 

*  Loc.  cit.  supra,  p.  243.  t  British  Palaeozoic  Fossils,  p.  356. 
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Mr.  Morris  obtained  from  concretionary-limestone  strata  Orthis  por- 
cata,  M'Coy  {0.  inflata,  Salter),  one  of  the  most  abundant  of  the 
Coniston-Limestone  fossils ;  and  to  the  south  of  this  concretionary 
limestone  the  Coniston  Flags  with  Cardiola  interru]jta  are  again  seen. 
Still  further  south,  "  at  the  south  side  of  Tottlebank  Fell,  the  Ireleth 
limestone  again  appears,  in  the  form  of  calcareous  concretions" 
(Sedgwick,  Letters  on  the  Geology  of  the  Lake-district).  This  Ire- 

leth limestone  is  the  Coniston  Limestone,  and  at  Tottlebank  Fell  it  is 
probably  a  continuation  of  the  band  seen  at  High  Haume. 

The  repetition  of  the  bands  of  Coniston  Limestone  shows  that  the 
faults  referred  to  by  Professor  Sedgwick  extend  at  least  as  far  as  the 
river  Crake. 

These  limestone  bands  have  not  yet  been  detected  north-east  of 
this  stream ;  but  the  mineral  character  of  the  rocks  which  occupy 
the  country  east  of  the  Crake  shows  that  they  belong  to  the  Conis- 

ton Flags  and  Coniston  Grits.  The  same  rocks  occupy  the  country 
between  Ulverston  and  Newby  Bridge ;  and  on  the  eastern  side  of 
Windermere  Lake  they  form  the  Cartmel  Fells.  From  these  circum- 

stances, there  is  strong  reason  for  inferring  that  the  two  faults  inter- 
sect the  older  Palfeozoic  rocks,  from  their  south-west  to  their  north- 
east boundary. 

The  rocks  occupying  nearly  the  whole  of  the  Lake-country  ap- 
pertain to  the  Lower  Silurian  series.  There  are,  however,  in  the 

south-east  of  this  area  rocks  of  a  newer  age,  which  are  well  exhibited 
near  Kendal.  About  three  miles  north-east  of  Kendal,  near  Shaw 

End,  is  a  quarry  in  the  Upper  Caradoc  strata  called  Shepard's 
Quarry,  which  affords  the  same  fossil  as  the  rocks  at  Gameswell, 
namely  Actinocrinus  pidclier.  The  strata  here  dip  to  the  south-east, 
which  is  the  prevailing  incKnation  of  the  Silurian  strata  of  the  north 
of  England. 

To  the  south  of  Shepard's  Quarry  is  Benson  Knot,  the  hill  which 
has  afforded  many  Upper  Silurian  fossils  ;  and  to  the  west  of  Shepard's 
Quarry  is  Potter  Fell,  where  fossils  similar  to  those  of  Benson  Knot 
occur;  and  in  both  these  localities  the  fossils  are  widely  different 
from  those  of  the  Upper  Caradoc  group. 

Two  important  members  of  the  Silurian  series  are  wanting  in  the 
Lake-country,  namely  the  Llandovery  rocks  and  the  Wenlock  group. 
In  this  district  we  have  no  smooth  Pentameri ;  Atrypa  Tiemisphcerica, 
Encrinurus  puyictatus,  and  other  Upper  Llandovery  fossils  are  ab- 

sent ;  nor  do  the  characteristic  fossils  of  the  Wenlock  group  occur. 
In  the  neighbourhood  of  Kendal  the  olive-coloured  Ludlow  rocks, 

which  abound  in  fossils,  nowhere  exhibit  the  strata  on  which  they 
repose.  These  Ludlow  rocks  seem  to  be  brought  abruptly  against 
the  Upper  Coniston  group  by  faults ;  and  to  one  of  these  is  refer- 

able the  close  proximity  of  the  Coniston  Flags  of  Shepard's  Quarry 
and  the  Ludlow  rocks  of  Benson  Knot.  This  fault  is  probably  a  con- 

tinuation of  the  more  southern  of  the  two  faults  which  are  so  well 

seen  near  Ulverston,  and  which  have  been  traced  north-eastward  to 
the  Crake.  Besides  this  fault,  there  is  one,  which  runs  west  of 

Shepard's  Quarry,  and  which  also  places  the  Ludlow  rocks  in  contact 
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with  the  Upper  Caradoc  group  ;  this  latter,  however,  has  a  different 
course,  and  belongs  to  a  different  system  of  faults  than  those  of 
Eurness. 

There  are  in  the  Lake-country  two  distinct  systems  of  faults : 
but  they  are  not  confined  to  it;  they  occur  in  the  north  of  England 
wherever  the  older  Palaeozoic  rocks  present  themselves,  and  they  be- 

long to  different  periods.  The  system  which  has  a  north-east  and 
south-west  direction  is  older  than  the  other  ;  and  an  instance  of  the 
occurrence  of  this  system  out  of  the  Lake-country  is  seen  in  the 
section  from  Melmerby  to  Eoman  Fell*.  Here  the  fault  brings  in 
contact  the  Coniston  Limestone  and  the  Skiddaw  Slates,  the  down- 

throw being  towards  the  north-west. 
Another  and  a  parallel  fault  was  recognized  last  summer  among 

these  old  rocks  of  the  north-east  of  Westmoreland,  to  the  north-west 
of  that  just  referred  to.  It  is  seen  along  the  course  of  a  stream 
which  flows  on  the  south  side  of  Knock  Pike,  called  Swindale  Beck. 
A  short  distance  east  of  where  this  stream  crosses  the  Pennine  fault, 
it  flows  over  grey  and  purple  shales;  and  among  the  former  are 
fossils  similar  to  those  of  the  flaggy  beds  of  Dufton,  but  not  in  such 
great  abundance.  PoUowing  the  stream  upwards,  we  have  on  its 
south-east  side  Skiddaw  slates,  characterized  by  the  branching  Bry- 
ozoon.  Here,  therefore,  within  two  miles  of  the  fault  near  Keisley, 
we  have  a  second  downthrow  of  the  rocks  to  the  north-west,  which 
brings  into  contact  the  fossiliferous  Lower  Caradoc  beds  with  the 
higher  portion  of  the  Lower  Llandeilo. 

These  north-east  and  south-west  faults  are  of  an  ancient  date. 
They  in  no  way  affect  the  Upper  Old  Red  Sandstone,  which  in  some 
spots  rests  unconformably  on  the  older  Palaeozoic  rocks  of  the  north 
of  England ;  and  the  elevations  and  depressions  which  resulted  from 
the  faults  were  entirely  planed  away  before  the  period  of  the  deposi- 

tion of  the  Old  Red  Sandstone. 

The  second  system  of  faults,  which  has  nearly  a  north  and  south 
course,  is  newer  than  the  Carboniferous  age,  and  was  probably 
produced  even  after  the  Permian  epoch.  One  of  the  faults  of  this 
system  occurs  among  the  rocks  which  in  Cumberland  and  West- 

moreland lie  immediately  west  of  the  Pennine  escarpmentf. 
The  faults  of  this  system  are  very  abundant  in  the  Lake-country. 

One  of  them  traverses  Windermere  Lake  and  the  country  north 
of  it ;  and,  passing  along  the  valley  in  which  Thirlmere  is  situated, 
it  continues  onwards  by  Glenderattera,  the  valley  separating  Skiddaw 
from  Saddle-back,  to  near  Overwater,  where  it  brings  the  green  rocks 
of  Binsey  Crag,  on  the  east,  against  the  Skiddaw  slates,  which  occupy 
the  comparatively  flat  country  on  the  west  of  this  hill. 

Another  of  these  faults,  passing  along  the  valley  of  the  Duddon 
northwards,  intersects  the  rocks  near  Buttermere  and  Crummock- 
water ;  and  on  the  west  side  of  the  stream  connecting  these  lakes 
the  Skiddaw  slates  can  be  seen  in  contact  with  the  green  rocks  on 
this  line  of  fault. 

^  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  p.  239. 
t  Ibid.  p.  246. 
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Along  the  lines  of  these  newer  faults  the  most  important  of  the 
English  lakes  occur ;  and  they  give  to  the  Lake-country  its  bolder 
features. 

Some  lakes,  however,  such  as  Hawswater  and  Wastwater,  which 

have  a  north-east  and  south-west  course,  occupy  valleys  which 
appertain  to  the  older  system  of  faults.  In  the  case  of  UUswater 
we  have  a  more  complex  outline  than  usually  belongs  to  the  lakes 
of  the  north  of  England.  The  first  and  lowest  reach  of  the  lake  has 
a  north-east  and  south-west  direction.  At  the  south-west  end  of 
this  reach  Hallan  Crag  presents  a  bold  front,  which  results  in  part 
from  a  fault  running  north  and  south,  and  crossing  UUswater  from 
the  valley  near  Howtown.  The  middle  reach  of  the  lake  commences 
on  the  west  side  of  the  north  and  south  fault ;  it  also  has  a  nearly 
north-east  and  south-west  direction,  and  terminates  abruptly  near  the 
north-western  spur  of  Place  Eell :  the  middle  reach  seems  also  to 
occupy  a  valley  produced  by  a  fault  belonging  to  the  older  system. 

The  upper  reach  runs  nearly  north  and  south.  It  occurs  in  a 
valley  produced  by  one  of  the  newer  faults,  which,  crossing  Eirkstone 
Pass,  continues  southward  through  Trout  Beck ;  and  it  is  to  one  or  the 
other  of  these  two  systems  of  faults,  or  to  their  combined  influence, 
that  the  beauty  of  the  Lake-country  chiefly  owes  its  origin. 

Note  on  Two  new  Species  of  Trilobites. 
By  J.  W.  Salter,  Esq.,  E.G.S. 

1.  Phacops  Nicholsoni,  spec.  nov.    Figs,  c  &  d. 

There  is  too  little  of  this  species  to  enable  me  to  give  a  proper 
diagnosis.     It  is  evidently  a  species  of  the  subgenus  Acaste,  and  not 

distantly  allied  to  P.  Brongniartii, 
a  fossil  from  the  Caradoc  or  Bala 

rocks  of  Tyrone.  I  have  two  spe- 
cimens— one  found  by  Professor 

Harkness,  from  which  the  figure  is 
taken;  another,  smaller,  is  in  the 
cabinet  of  Mr.  H.  Wyatt  Edgell. 
Each  shows  something  the  other 

does  not  possess,  and  I  shall  de- 
scribe them  together,  as  the  figure  is  a  sketch  made  up  from  both 

specimens. 
The  whole  form  is  broadly  oval,  much  depressed,  about  half  an  inch 

wide,  and  about  1  inch  long ;  the  head  is  semicircular,  rather  pointed 
in  front,  three-tenths  of  an  inch  long,  and  more  than  half  an  inch 
wide. 

The  glabella  is  trapezoidal,  the  sides  are  nearly  straight  and  widely 

diverging  from  the  base,  which  is  only  half  as  wide  as  the  forehead- 
lobe.  This  is  transverse,  diamond-shaped,  bluntly  pointed,  and 
angular  in  front,  and  divided  from  the  three  lateral  lobes  by  a  slightly 
sigmoid  furrow,  not  deep,  as  in  A.  Brongniartii  (the  kindred  species 
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quoted  above),  but  neatly  impressed  and  nearly  reaching  to  the 
centre.  The  upper  lateral  lobes  are  triangular,  the  middle  transverse 
and  oval ;  the  basal  are  linear,  transverse,  and  nodose  at  the  ends. 

The  neck-furrow  is  strong,  and  the  neck-segment  not  broader  than 
the  basal  lobes. 

The  cheeks  (imperfect)  appear  triangular,  and  are  gently  convex  for 
a  large  space  before  reaching  the  very  large  curved  eyes.  These  have 
the  eye-lobe  linear  and  distinctly  marked  out ;  and  the  lentiferous 
surface,  broad  and  much  arched,  reaches  from  the  termination  of  the 

upper  pair  of  furrows  very  nearly  to  the  neck-furrow,  which  is  rather 
broad  and  well  defined.  We  do  not  yet  know  the  free  cheeks  :  they 
were  probably  short  and  mucronate. 

The  body-segments  (seven  are  preserved  in  Professor  Hark- 

ness's  specimen)  have  a  rather  broad  depressed  axis,  the  rays  being 
obscurely  nodular  at  the  ends.  The  axial  furrows  are  slight,  and  the 
pleurae  are  flat  as  far  as  the  remote  fulcrum,  which  is  placed  halfway 
out.  They  are  deeply,  but  not  widely,  grooved  to  the  very  end  of 
the  obtuse  tips. 

The  pleurae  are  bent  down  from  the  fulcrum,  but  not  strongly, 
unless  the  specimens  are  both  compressed  vertically  (I  think  not), 
and  a  little  recurved. 

Tail  semicircular,  convex  only  on  the  lateral  lobes,  which  show 
five  straight  long  furrows  directed  a  little  backward,  and  as  many 
faint  intervening  ones.  The  axis  is  moderately  broad,  conical,  and 
rounded  at  the  tip,  which  reaches  nearly  to  the  end  of  the  tail. 

Locality. — Whiteside,  three  miles  west  of  Braithwaite,  Keswick. 

2.  Agnosttjs  Morei,  Salter.     Eigs.  a  &  b. 

Ref.  Decades  Geol.  Surv.  xi.  p.  7.  pi.  1.  f.  13,  1864. 
In  the  Decade  I  was  only  able  to  give  a  figure  of  the  head  of 

this  most  characteristic  species,  obtained  by  Mr.  Lightbody  and  my- 
self from  the  blacklead-bearing  shales  west  of  the  Stiperstones, 

Shropshire. 
It  is  an  excellent  proof  that  we  are  right  in  referring  the  Skiddaw 

slates  to  the  verge  of  these  old  Shropshire  beds ;  so  that  the  term 

"  Arenig  or  Skiddaw  group  "  of  Sedgwick  is  no  longer  a  hypothetical 
association,  but  indicates  a  definite  horizon. 

The  head  (it  is  figured  at  a  from  the  Decade  just  quoted)  is  sub- 
quadrate  in  outline  ;  and  the  narrow  bilobed  and  pointed  glabella  is 
surrounded  by  a  broad  limb,  deeply  indented  by  numerous  depressed 
rays,  interlined  by  shorter  ones  near  the  margin. 

The  tail,  now  figured  (h),  shows  exactly  the  same  ornament :  nume- 
rous (10  or  11)  deep  long  depressions  radiating  over  the  limb,  not 

even,  but  nodose  in  their  character,  and  interlined  by  smaller  ones 
toward  the  margin.  The  outline  is  quadrate,  the  border  narrow, 
except  where  it  is  produced  into  the  short  spines  on  the  hinder  edge  ; 
and  these  occur  nearly  as  far  back  as  the  posterior  margin.  The 
axis  is  about  half  the  length  of  the  tail,  broad,  short,  pyramidal  above, 
soon  cylindrical,  and  much  flattened,  marked  across  by  two  pairs  of 
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furrows,  which  do  not  reach  quite  across ;  and  there  is  some  indica- 
tion of  an  obtuse  central  tubercle. 

Locality  (of  fig.  6). — Ellergill,  near  Milbunij  Westmoreland.     (In 
the  cabinet  of  Professor  Harkness.) 

4.  On  the  Lower  Silurian  Eocks  of  the  Isle  of  Man.      By  Pro- 
fessor E.  Harkness,  P.E.S.,  P.G.S.,  and  Henry  Nicholson,  Esq. 

The  rocks  which  belong  to  the  lower  sedimentary  series,  and  which 
occupy  the  largest  portion  of  the  surface  of  the  Isle  of  Man,  have 

been  described  by  Dr.  Berger*,  and  supplemental  observations  have 
been  made  to  his  memoir  by  Professor  Henslow  f. 

The  Eev.  J".  G.  Gumming  has  also  given  a  description  of  the  old rocks  of  the  Isle  of  Man,  with  especial  reference  to  the  Carboniferous 
Limestone  of  the  island  J. 

The  older  sedimentary  rocks  of  the  Isle  of  Man  are  also  described 

in  Glover's  Guide  to  this  island,  which  gives  a  condensed  statement 
of  the  memoirs  of  Dr.  Berger  and  Professor  Henslow  §. 

The  natiu-e  and  arrangement  of  the  old  rocks  of  the  Isle  of  Man 
are  best  seen  in  the  coast-sections,  which  usually  occur  in  the  form 
of  bold  cliffs.  The  interior  of  the  island  also  affords  sections  in  some 

of  the  brook-courses ;  but  the  mountains  composed  of  these  rocks, 
which  have  usually  a  rounded  outline,  are  covered  to  a  considerable 
thickness  with  soil  and  peat,  which  hide  the  rocky  masses. 

On  the  south-east  side  of  the  island,  in  the  neighbourhood  of 
Douglas,  good  exposures  of  rocks  are  seen.  Along  the  coast  from 
Douglas  to  about  a  mile  north-east  thereof,  the  strata  appear  in  the 
form  of  thin-bedded  grey  flags,  having  the  mineral  characters  of  the 
Skiddaw  slate,  and  dipping  south-east  at  an  angle  of  60°.  These 
thin-bedded  strata,  on  passing  downwards,  become  thicker-bedded. 
The  rocks  here  are  used  for  building-purposes,  and  the  finer  strata, 
having  a  distinct  cleavage,  are  to  some  extent  used  for  slating. 

The  only  trace  of  organic  remains  here  is  Palceochorda  major,  a 
fossil  very  abundant  in  the  Skiddaw  slates  of  Cumberland. 
-  A  short  distance  to  the  north-east,  near  the  village  of  Onchan, 
the  same  thin -bedded  Skiddaw  slates  are  seen ;  but  a  little  to  the 
south-east  of  this  village  rocks  of  another  character,  consisting  of 
green  slates  and  porphyries,  make  their  appearance.  These  green 

rocks  form  the  headland  called  Bank's  Point,  and  they  are  well  seen 
at  Crowdale  on  the  east  side  of  it.  The  green  rocks  and  porphyries 
which  occur  here  are  the  equivalents  of  the  ash-beds  and  porphyries 
which  succeed  the  Skiddaw  slates  of  the  Lake-country.  They  differ, 
however,  somewhat  in  their  mineral  nature  from  the  rocks  of  the 
latter  country  in  being  more  quartzose  and  in  having  the  ashy  rocks 
better  bedded.      These  green  rocks  of  the  Isle  of  Man  have  the  same 

*  Geol.  Trans,  vol.  ii.  p.  29  et  seq.  t  Geol.  Trans,  vol.  v.  p.  482  et  seq. 
X  Quart,  Journ.  Greol.  Soc.  vol.  ii.  p.  317  et  seq. 
§  The  portion  on  the  natural  history,  including  the  geology,  of  the  Isle  of  Man 

in  Grlover's  Guide  was  drjnvn  up  by  the'late  Edward  Forbes. 
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dip  and  strike  as  the  underlying  Skiddaw  slates ;  and  they  extend 
north-eastward  to  near  Clay  Head,  where  the  thin-bedded  Skiddaw 
slates  again  make  their  appearance. 

The  Skiddaw  slates  continue  along  the  coast  by  Garwick  to  Laxey. 
They  are  much  contorted,  but  have  a  prevailing  south-east  dip. 
North  of  Laxey,  also,  Skiddaw  slates  occur  having  south-east  dips. 
They  are  well  seen  on  the  high-road  to  Ramsey,  about  two  miles 
from  Laxey,  where  a  considerable  cutting  has  been  made  through 
them;  and  below  this  cutting,  on  the  coast,  they  were  formerly 
worked  for  slating-purposes. 

About  half  a  mile  beyond  the  cutting,  and  nearer  Ramsey,  granite 
is  seen  on  the  roadside  at  a  spot  called  Dhoon ;  and  north  of  this, 
about  three  miles  from  Laxey,  on  the  road  leading  to  Maughold 
Head,  the  Skiddaw  slates  again  appear,  also  with  south-east  dips. 
A  little  north  of  this,  and  on  the  same  road,  at  Regnabb,  a  granite 
similar  to  that  of  Dhoon  occurs.  Purther  north,  at  Cornah,  a  hard 

light-grey  rock  with  no  distinct  bedding  is  seen,  and  at  a  short 
distance  to  the  north-west,  at  Marebreck,  haematite  has  been  worked 
in  the  Skiddaw  slates.  About  two  miles  north-east  of  Marebreck  is 
a  bay  on  the  south  side  of  Maughold  Head,  called  Forth  Moar ;  and 
in  the  north  side  of  this  bay  the  Skiddaw  slates  are  well  seen,  dip- 

ping north-west  at  33°.  Here  they  consist  of  hard  flaggy  rocks, 
grey  in  colour.  On  the  south  side  of  this  small  bay  the  same  hard 
flaggy  Skiddaw  slates  occur  with  a  south-east  inclination.  An  anti- 

clinal axis  appears  in  the  Skiddaw  slates  of  Forth  Moar ;  and  inland 
for  some  distance,  either  along  or  near  this  axis,  haematite  has  been 
wrought. 

Section  across  the  Isle  of  Man. 
N.W.  S.E. 

Orry's  Head.  Greeba  (1591  ft.).  Douglas  Head. 

a.  Old  Eed  Sandstone,      b.  Skiddaw  Slate,      c.  Green  rocks  (Ash-beds). 

Maughold  Head  is  composed  of  Skiddaw  slates  which  dip  north- 
west ;  and  the  same  rocks  and  dip  prevail  along  the  road  from  Maug- 
hold Head  to  Ramsey,  as  far  as  Ballure. 

At  Ramsey,  and  in  the  country  to  the  north,  no  rocks  are  seen. 

Boulder-clay  being  the  only  substance  exposed  in  this  flat  country  ; 
but  to  the  west  of  Ramsey,  as  far  as  Sulby,  the  mountains,  which 
here  rise  abruptly  from  the  Boulder- clay  plain  which  forms  the 
northern  portion  of  the  island,  exhibit  exposures  of  the  Skiddaw- 
slate  series. 

On  the  south  side  of  the  road  leading  from  Ramsey  to  Feel,  about 
three  miles  from  Ramsey,  is  a  quarry  where  road-metal  is  now 
worked.  The  bulk  of  the  rock  here  is  grey  hard  quartz-rock,  with 
occasional  rounded  pebbles  of  quartz  imbedded  therein.    The  quartz- 2l2 
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rock  here  has  a  great  affinity  to  the  grey  rocks  of  Cornah,  which 
have  no  distinct  stratification.  Here,  however,  black  shales  occur  in 

the  quartz-rock,  which  dip  at  a  high  angle  to  the  north-west. 
The  hills  immediately  south  of  Sulby,  four  miles  and  a  half  west 

of  Eamsey,  have  a  distinct  slaty  nature,  and  the  slates  have  been 
worked  for  roofing-purposes.  Here  also  the  Skiddaw  slates  dip 
towards  the  north-west.  Along  Sulby  Glen,  a  narrow  valley  which 
leads  to  the  highest  land  in  the  island,  good  exposures  of  rocks  occur ; 
and  here,  too,  the  Skiddaw  slates  dip  north-west.  Over  the  col  which 
separates  the  Sulby  River  from  the  river  jSTib,  rocks  of  the  same  age 
occur;  and  among  them  the  north-west  inclinations  obtain.  These 
rocks,  with  the  same  dip,  continue  to  the  river  Peel. 

From  Peel  the  Skiddaw  slates  form  the  coast  to  Port  Erin,  and 

have  also  north-west  inclinations.  At  Glen  May,  about  four  miles 
south  of  Peel,  these  Skiddaw  slates  have  a  conglomerate  in  them ; 
and  south  of  Glen  May  they  abound  in  quartz  veins.  At  Port  Erin 
the  anticlinal  axis  which  was  seen  as  occurring  at  Porth  Moar  and 
extending  inland  again  appears ;  and  on  the  south-east  side  of  this 
axis  the  strata  assume  the  inclination  shown  among  the  Skiddaw 

slates  to  the  south  of  Porth  Moar,  namely  towards  the  south-east. 
The  district  around  Castletown  is  principally  occupied  by  Carboni- 

ferous Limestone,  which  has  been  described  by  the  Eev.  J.  S.  Cum- 
ming.  About  two  miles  east  of  Castletown,  at  Lang  Ness,  the 
Skiddaw  slates  are  again  seen,  being  overlain  on  their  edge  by  Old 
Eed  Conglomerate.  From  Lang  Ness  north-eastward  Carboniferous 
Limestone  again  occurs,  and  forms  the  coast  from  Derby  Haven  to  a 
small  stream  about  a  mile  and  a  half  north-east,  called  the  Santon 
River.  The  Skiddaw  slates  reappear  on  the  east  side  of  this  stream, 
having  south-east  dips  ;  and  with  these  dips  they  continue  along  the 
coast  to  Greenwick,  where  they  become  coarser  in  their  nature  and 
have  a  well-developed  conglomerate  in  them  like  that  of  Glen  May. 
The  Skiddaw  slates  continue  onwards,  forming  the  coast,  somewhat 
contorted  but  with  predominant  south-east  dips,  until  Douglas  Head 
is  reached.  At  Douglas  Head  a  change  takes  place  in  the  rocks, 
green  ash -beds  making  their  appearance  and  conformably  overlying 
the  Skiddaw  slates.  These  ash-beds  strike  across  Douglas  Bay,  and 
include  within  them  the  Coniston  Rocks,  upon  which  the  Tower  of 
Refuge  is  built ;  and  this  strike  connects  the  green  rocks  of  Douglas 
Head  with  those  of  Bank  How.  We  consider  the  Lower  Silurian 
rocks  of  the  Isle  of  Man  to  belong  to  the  Skiddaw  slates,  the  lower 
portion  of  the  green  ash-beds  and  porphyries  of  the  Lake-district 
and  the  Lower  Silurian  rocks  of  this  island  being  on  the  exact  hue 
of  strike  of  the  Skiddaw  slates  of  the  Skiddaw  country  and  of  their 
overlying  green  rocks. 

The  foregoing  section,  taken  through  the  centre  of  the  Isle  of 
Man,  shows  the  position  of  the  anticUnal  axis  which  traverses  the 
island  in  a  north-east  and  south-west  direction,  as  it  occurs  near 
the  road  leading  from  Douglas  to  Peel.  The  more  mountainous 

portion  of  the  island  lies  on  the  north-west  side  of  this  axis.  The 
section  also  shows  at  its  south-east  end  the  ash-beds  of  Douglas 
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Head ;  and  at  its  north-west  extremity  the  Old  Ked  Sandstone, 
in  the  neighbourhood  of  Peel,  coming  against  the  Skiddaw  slates. 

May  23,  1866. 

The  following  communications  were  read : — 

1.  Notes  on  the  Geology  of  Sinai. 
By  the  Eev.  F.  W.  Holland,  M.A. 

[Communicated  by  Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  F.G.S.] 

(Abstract.) 

The  peninsula  of  Sinai  may  be  divided  into  three  geological  districts, 
named  from  the  granitic,  limestone,  and  sandstone  rocks  of  which 
they  are  composed. 

The  whole  of  the  northern  portion  of  the  peninsula  is  occupied 
by  an  extensive  plateau  of  limestone,  supported  on  the  south  by  the 
range  of  Jebel-et-Tyh,  and  sloping  gradually  towards  the  Mediterra- 

nean Sea. 

A  broad  belt  of  sand,  called  the  Debbet-er-Raraleh,  separates  this 
limestone  from  the  southern  portion  of  the  peninsula — although 
small  patches  of  it,  apparently  underlying  the  sandstone,  are  found 
further  south  in  Wady  Badera  and  Wady  Mokatteb,  and  in  the 
neighbourhood  of  Jebel  Hummam,  and  also  on  the  north-west  of 
Jebel  Serbal,  there  occur  large  tracts  of  a  limestone  more  cretaceous 
in  its  character,  and  abounding  with  bands  of  flints.  At  the  latter 
spot  I  observed  one  mountain  of  Nummulitic  limestone  ;  and  a 
limestone  of  more  recent  formation,  which  abounds  with  fossils, 
occurs  near  Tor  and  Ras  Mohammed. 

The  granitic  district  forms,  as  it  were,  the  backbone  of  the  southern 
portion  of  the  peninsula.  Its  mountains  are  frequently  seamed  from 
top  to  bottom  with  veins  of  porphyry,  greenstone,  and  basalt,  which 
give  them  a  peculiar  striped  appearance  ;  this  is  especially  remark- 

able on  the  east  of  Wady  Mokatteb,  the  north-west  of  Jebel  Serbal, 
and  in  the  wadies  between  Jebel  Musa  and  Ain  Hudera.  They  are 
also  in  some  parts  capped  by  a  stratum  of  sandstone  of  considerable 
thickness  and  perfectly  horizontal  stratification,  proving  that  an 
enormous  denudation  has  taken  place.  Both  the  limestone  and  sand- 

stone, when  found  in  close  proximity  to  the  granitic  rocks,  exhibit  no 
change  in  their  structure ;  and  thus,  as  well  as  by  their  uniform 
horizontal  stratification,  they  show  that  they  must  have  been  depo- 

sited subsequently  to  the  upheaval  of  the  latter.  The  only  traces  of 
active  volcanic  agency  which  are  now  to  be  found  in  the  peninsula 
are  the  boiling  sulphur-springs  and  hot  caves  at  Jebel  Hummam,  and 
the  two  warm  mineral  springs  near  Tor.  The  mountains  of  the 
granitic  district  appear  to  be  chiefly  composed  of  syenite;  but 
granite,  porphyry,  gneiss,  mica-schist,  and  quartzose  and  horn- 
blendic  rocks  occur  in  many  localities.  I  did.  not  succeed  in  finding 
any  traces  of  metallic  ores  in  this  district. 
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The  sandstone  formation  appears  to  have  formed  the  great  mining- 
district  of  the  ancient  Egyptians  in  Sinai.  The  principal  places 
where  this  formation  occurs  are  Serabit-el-Kadim,  Wady  Mughara 
and  the  south  of  Wady  Mokatteb,  the  west  of  Serbal,  and  the  neigh- 

bourhood of  Ain  Hudera.  The  sandstone  is  generally  of  a  reddish 
ferruginous  colour,  though  its  surface  is  for  the  most  part  coated  with 
a  dark-brown  oxide  of  iron.  The  principal  Egyptian  mines  were 
apparently  turquoise-mines,  not  copper-mines  as  has  been  generally 
supposed.  Serabit-el-Kadim  and  Wady  Mughara  were  the  chief 
stations.  The  turquoises  appear  to  be  distributed  more  or  less  in 
veins,  though  their  occurrence  is  very  uncertain  ;  and  Major  Mac- 
donald,  who  has  been  working  the  mines  for  several  years,  has 
often  spent  weeks  with  no  success,  and  then  suddenly  found  a  large 
number  together. 

I  do  not  believe  that  any  traces  of  copper  are  to  be  found  either 
at  Wady  Mughara,  or  Serabit-el-Kadim,  excepting  at  the  latter  place 
a  thin  film  of  silicate,  too  small,  however,  in  extent  for  any  practical 
purpose.  The  specimens  which  I  have  brought  from  the  supposed 
slag-heaps  on  either  side  of  the  ruined  temple  on  the  summit  of 
Serabit-el-Kadim  prove  most  clearly  that  they  are  not  slag-heaps 
at  all,  but  merely  a  natural  impure  ore  of  iron  and  manganese.  The 
siliceous  brown  iron-ore,  however,  which  abounds  near  Wady  Mokatteb 
and  Wady  Mughara,  seems  to  have  been  extensively  worked  both  by 
the  Egyptians  and  also,  perhaps,  by  a  less-civilized  race  after  their 
time ;  and  stone  hammers,  and  flakes  of  worked  flint  are  frequently 
found  on  the  mountain-sides. 

At  a  short  distance  from  the  mouth  of  Wady  Shellal,  on  its  south- 
ern side.  Major  Macdonald  has  discovered  a  large  heap  of  undoubted 

copper- slag,  which  still  retains  a  considerable  quantity  of  copper  in 
it.  I  also  obtained  a  small  specimen  of  a  rock  containing  a  very 
large  proportion  of  carbonate  of  copper,  and  some  pieces  of  malachite; 
but  I  could  not  discover  the  locality  whence  they  had  been  procured. 
The  sandstone  abounds  with  salt  and  natron,  and  the  water  obtained 

from  it  is  always  more  or  less  brackish.  In  some  of  the  wadies  con- 
siderable beds  of  curiously  crystallized  salt  are  found.  Erom  the 

limestone  I  collected  several  specimens  of  fossils,  consisting  chiefly 
of  Echinodermata  and  Exogyroe ;  but  in  the  sandstone  I  found  but 
one  organism,  a  portion  of  the  stem  of  a  fossil  plant.  A  consider- 

able elevation  of  the  western  coast  of  the  peninsula  has  apparently 
taken  place.  A  few  miles  to  the  north  of  Tor,  large  quantities  of 
shells  in  a  semifossil  state,  but  similar  to  the  existing  species,  are 
found  at  a  height  of  20  to  30  feet  above  the  present  level  of  the 
sea,  and  large  blocks  of  coral  occur  at  a  still  higher  elevation; 
considerable  raised  beaches  also  occur  at  Eas  Mohammed.  Yet  I  do 

not  suppose  that  any  extensive  elevation  of  the  land  at  the  head  of 
the  Gulf  of  Suez  has  taken  place  in  modern  days ;  nor  does  it  appear 

from  the  formation  of  the  ridge  of  Chalouf-et-1^erraba,  which 
separates  the  Bitter  Lakes  from  the  Red  Sea,  that  the  two  were  ever 
naturally  connected,  except  indeed  it  were  in  prehistoric  times. 

Of  the  agencies  which  are  still  at  work  in  modifying  the  surface 
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of  the  country  at  the  present  day,  frost  and  rain  appear  to  play  the 
most  important  part  in  the  higher  mountains  of  the  granitic  district; 
but  the  chemical  action  of  the  atmosphere  seems  to  affect  to  a  greater 
degree  the  sandstone,  by  destroying  the  ferruginous  cement  which 
binds  together  its  particles,  and  thus  decomposing  it.  Yet  the 
changes  that  are  taking  place  are  apparently  so  gradual  and  slow, 
that  I  feel  convinced  that  the  peninsula  of  Sinai  is  to  this  day  but 
little  altered  in  its  nature  from  what  it  was  when  the  children  of 

Israel  wandered  in  its  wilderness  more  than  3500  years  ago. 

2.  On  the  oldest  known  British  Crab  (Palseinachus  longipes)  from 
the  Forest  Marble,  Malmesbury,  Wilts.  By  Henry  Wood- 

ward, Esq.,  F.G.S.,  F.Z.S.  (of  the  British  Museum). 

[Plate  XXIV.  fig.  1.] 

I  AM  indebted  to  my  friend  Professor  Thomas  Bell,  F.E.S.,  of  the 
Wakes,  Selborne,  Hants,  for  the  opportunity  of  describing  this  new 
and  beautiful  crustacean. 

The  specimen  is  from  the  Forest  Marble  of  Malmesbury,  and  was 
discovered  several  years  ago  by  the  well-known  collector  of  Oxford- 
Clay  and  Oolitic  fossils,  Mr.  Wm.  Buy.  It  will  be  seen  to  have  nearly 
all  its  limbs  in  situ ;  and  it  shows  the  carapace  with  four  segments  of 
the  abdomen  united  to  it,  resting  upon  a  slab  of  Forest  Marble  covered 
with  the  remains  of  Pentacrini,  Acrosalenia  hemicidaroides,  shells  of 

Avicula,  JRhynchonella,  and  traces  of  the  drift-wood  to  which  the 
OoHtic  Pentacrinites  (like  the  barnacles  of  our  modern  seas)  were 
attached. 

The  limbs  of  this  crustacean  are  extremely  long  and  slen- 
der; and  in  this  respect,  and  also  in  their  form  and  in  that  of 

the  carapace,  with  its  remarkable  prominent  tubercles  in  front,  it 

closely  resembles  the  common  "  Spider  Crabs "  (the  Maiadce  and 
Leptopodidce)  living  on  our  own  coasts  at  the  present  day,  and  the 
Great  Japanese  Crab,  the  Inachus  Kmnpferi,  of  De  Haan.  The  Upper 
White  Jura  of  Germany  has  yielded  carapaces  of  several  minute 
Crustacea,  which  are  either  Brachyurous  or  Anomurous ;  but  as  no 
limbs  or  abdominal  segments  have  been  met  with,  it  is  more  doubt- 

ful where  to  place  them  in  a  classification  of  the  fossil  forms. 

Professor  Eeuss*  and  H.  von  Meyer f  have  described  three  genera 
and  twenty -five  species  of  these  forms  (some  of  which  have  been  re- 

produced iu  Mr.  Lowry's  '  Chart  of  Fossil  Crustacea  '$) ;  but  none  of 
them  are  comparable  with  the  carapace  of  Palceinachus. 

*  Sitzungsb.  K.  Akad.  d.  Wiss.  in  Wien,  xxxi.,  1858. 
t  Paleeontogr.  Cassel,  1859-61,  Bd.  vii.  p.  183,  t.  23  (Monograph  on  the 

I  Falainachus  lonffipes  is  there  figured  with  the  generic  name  Protocarcinus 
which  had  been  given  to  it  (in  MS.)  by  Prof.  Bell;  but  it  is  not  adopted  here, 
first,  because  the  fossil  has  no  affinity  to  Carcinus,  and  secondly,  because  the 
prefix  "  Proto^^  is  objectionable  in  Palaeontology. 
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In  the  swollen  form  of  the  branchial  regions,  and  the  well- 
marked  nuchal  furrow,  it  resembles  the  genus  Inachus,  with  which 
it  also  agrees  in  the  form  and  proportion  of  its  limbs  ;  but  the  bifid 
and  diverging  rostral  tubercles  more  nearly  agree  with  the  Maiadce, 

thus  offering  a  connecting  link  for  these  divisions  of  Milne-Edwards's 
Triangulares.  The  Triangular  Crabs  are  certainly  one  of  the 
earliest  families  of  Brachyura;  and  notwithstanding  their  dull 

habits,  they  make  up  by  their  exceeding  fecundity*  for  want  of 
strength  and  cunning,  and  have  thus  been  enabled  to  maintain  their 
ground  even  to  the  present  day. 

Pal^inachus  longipes,  H.  W.     pi.  XXIY.  fig.  1. 

Carapace  suborbicular,  broadest  behind;  branchial  regions  large 
and  rounded,  their  surfaces  covered  with  extremely  minute  rounded 
tubercles;  the  gastric  region  well  defined  by  a  somewhat  deep 
furrow  ;  the  frontal  and  hepatic  regions  more  than  half  the  length 
of  the  entire  carapace,  tumid  and  ornamented  with  two  subcentral 
tubercles  and  a  semicircle  of  five  other  tubercles  ;  margin  irregularly 
swollen  and  depressed,  and  contracting  towards  the  rostrum,  which 
is  represented  by  two  prominent  widely  diverging  and  rounded 

horns,  at  th*e  exterior  bases  of  which,  in  the  recent  Leptopodidoi, 
the  eyes  are  placed;  these,  however,  cannot  be  detected  in  the 
fossil. 

The  abdomen  is  imperfect,  but  indicates  a  female  ;  the  lateral  mar- 
gins of  the  most  perfect  segment  are  somewhat  angular,  deeply  grooved 

across,  and  also  between  the  central  portion  and  the  epimera. 
The  arm,  wrist,  and  hand  have  respectively  five,  three,  and  two 

tubercles  on  their  upper  angle ;  the  hand  is  didactyle,  and  resembles 
the  recent  Stenorhynchus  in  form. 

The  walking  legs  are  of  about  three  times  the  length  of  the 
carapace,  very  slender,  and  have  a  row  of  minute  tubercles  upon 
their  upper  surface. 

Breadth  of  carapace  across  the  branchial  region  8  lines,  length  from 
attachment  of  abdomen  to  base  of  rostral  spines  9  Knes ;  rostral 

spines  2^  lines  in  length  ;  arm  about  5  lines ;  wrist  2|  lines  ;  hand 
5|  lines ;  longest  limb  28  lines. 

EXPLANATION  OF  PLATE  XXIV.  fig.  1. 

Fig.  1.  PalcBinachus  longijpes,  H.  Woodw.    Forest  Marble,  Malmesbury,  Wilts. 
Natural  size. 

3.  Nottes   on   the  Species   of  the  Genus   Eryon,  Desm.,  from   the 

Lias  and  Oolite  of  Efglan^d  and  Bavakia.     By  Henry  Wood- 
ward, Esq.,  E.G.S.,  F.Z.S.  (of  the  British  Museum). 

[Plates  XXIV.  figs.  2-4,  &  XXV.  figs.  1-3.] 

The   genus   Eryon  was   established   by  Desmarest  (in  Brongniart 

and  Desmarest's  '  Natural  History  of  Eossil  Crustacea  :'  Paris,  1822) 

*  The  female  Maia  squinado  bears  at  one  time  upwards  of  seventy-six 
thousand  eggs  (Couch). 
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for  certain  forms  of  Astacidce,  with  extremely  broad  and  flat  cara- 
paces, found  in  the  Lithographic  stone  of  Solenhofen,  one  of  the 

earliest  known  geological  locahties  on  the  continent,  and  perhaps 
the  most  prolific  in  its  yield  of  organic  remains. 

Only  one  species  was  then  determined — the  Eryon  Cuvieri  of 
Desmarest  (Macrourites  arctiformis  of  Schlotheim  (1820),  Locusta 
marina  of  Bajer  (1757),  and  first  figured  by  Knorr  and  Walch 
in  1755).  Since  that  time  Herr  Germar,  Count  Miinster,  H.  von 

Meyer,  Professors  M'Coy  and  Quenstedt  have  each  contributed  new 
species.  Lastly,  the  late  Dr.  Albert  Oppel,  of  the  Eoyal  Bavarian 
Museum,  Munich,  a  Foreign  Correspondent  of  this  Society  (whose 

early  death  we  must  aU  lament*),  has  collected,  revised,  and  added 
to  our  knowledge  of  this  genus,  so  that  in  1862  (the  date  of  his 
book)  the  list  of  recorded  species  amounted  to  fourteen  f. 

Professor  M'Coy  was  the  first  to  record  an  English  species  of  this 
genus,  the  Eryon  Barrovensis,  from  the  Lias  of  Barrow-on-Soar, 
Leicestershire.  [See  the  *  Annals  and  Magazine  of  Natural  His- 

tory,' 1849,  p.  172.]  But  as  his  description  varies  in  some  points 
and  is  unaccompanied  by  a  figure,  I  have  ventured  to  delineate  it 
by  the  help  of  the  fine  examples  in  the  cabinet  of  the  Rev.  P.  B. 
Brodie,  F.G.S.,  and  those  in  the  British  Museum.  I  also  subjoin  a 
revised  description  of  it,  and  notices  of  other  British  species  of  this 
genus  from  the  Lias  and  Oolite,  collected  and  lent  by  Charles 
Moore,  Esq.,  E.G.S.,  of  Bath,  Captain  Hussey,  of  Lyme  Regis,  and 
from  specimens  in  the  British  Museum  obtained  by  E.  C.  H.  Day, 
Esq.,  F.G.S.,  formerly  of  Charmouth. 

Erton",  Desmar.  1822. 
Coleia,  Broderip,  1835,  Trans.  Geol.  Soc.  2nd  ser.  vol.  v.  t.  12. 

f.  1  &  2. 

1.  Eeton  antiquus,  Brodp.,  sp. 

Although  unwilling  to  abolish  a  genus  named  in  honour  of  so 
great  a  geologist  as  the  Earl  of  Enniskillen,  I  am  compelled  to 
endorse  the  decision  of  my  late  friend  Dr.  Albert  Oppel,  and  make 
this  the  first  and  largest  English  species  of  the  genus  Eryon  {Eryon 
antiquus,  Brodp.  sp.)^. 

From  the  Lias,  Lyme  Regis. 

2.  Eeyon  Baeeovensis,  M'Coy,  1849.     PI.  XXY.  fig.  1. 
The  carapace  of  this  species  (like  that  of  its  congeners)  is  extremely 

flat,  about  one- eighth  broader  than  long,  the  posterior  margin  is 
truncated,  the  lateral  margins  are  fringed  with  minute  spines  ;  two 
indentations  intersect  the  border  on  either  side  (the  first  being  some- 

what behind,  and  the  second  upon  the  line  of  the  cervical  furrow), 
and  enclose  between  them  a  short  rotundato-quadrate  lobe. 

*  Dr.  Oppel  died  on  22nd  December,  1865,  at  the  early  age  of  thirty-four 
years. 

t  Vide  Palaontologische  Mittheilungen  aus  dem  Museum  des  Kon.  Bayer. 
Staates,  von  Dr.  Albert  Oppel :  Stuttgardt,  1864. 

t  See  Oppel's  Pal.  Mittheil.  p.  11. 
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The  sides  of  the  carapace  curve  rapidly  inwards  in  front,  leaving 
the  anterior  margin  only  half  the  width  of  the  posterior  portion. 

The  carapace  is  broadly  notched  in  front  with  two  lateral  orbital 
fossae  formed  by  the  lateral  angles  of  the  carapace. 

A  tuberculated  ridge  passes  up  the  centre  of  the  carapace,  from 
the  posterior  margin  to  the  cervical  furrow,  by  which  it  is  inter- 

sected ;  it  reappears  for  a  short  space  in  front. 
Two  lateral  equidistant  tuberculated  ridges  mark  out  the  branchial 

regions,  and  are  also  continued  smoothly  upon  the  frontal  portion  of 
the  carapace. 

Each  antenna  of  the  inner  pair  has  two  many-jointed  setae,  the 
outer  one  being  slightly  the  longer.  Each  of  the  outer  antennae 
has  a  large  oval  scale  attached  to  its  broad  basal  joint ;  the  setae  are 
single,  and  scarcely  thicker  than  those  of  the  inner  pair. 

The  eyes,  but  rarely  preserved,  are  placed  near  the  base  of  the 
scale  of  the  outer  antennae.  In  a  specimen  from  Lyme  Eegis  (from 

Mr.  Day's  collection,  and  now  in  the  British  Museum)  the  external 
pair  of  footjaws  (or  sixth  pair  of  maxillary  appendages),  with  their 
broad  oblong  basal  joints  and  their  more  slender  four-jointed  palpi, 
are  well  preserved. 

The  first  pair  of  legs  are  robust  and  short,  as  compared  with 
Eryon  antiquus,  the  hand  and  carpus  nearly  equalling  the  length  of 
the  middle  of  the  carapace ;  fingers  slender,  pointed,  of  equal  length, 
incurved  at  the  tip,  the  moveable  one  most  incurved. 

The  succeeding  pairs  of  feet  are  much  smaller,  and  are  each  ter- 
minated with  pincers,  except  the  fifth  pair,  which  are  monodactylous 

at  their  extremities.  The  abdomen  is  slightly  longer  than  the  cara- 
pace, and  one-third  less  in  width  ;  the  first  segment  is  narrow,  and 

has  two  tubercles  on  its  lateral  margins;  the  second,  third,  and 
fourth  have  each  two  lateral  and  a  median  tubercle ;  the  sixth  seg- 

ment has  a  median  and  two  lateral  ridges ;  these  are  continued  on 

the  seventh  segment  or  *'telson,"  which  is  acutely  triangular  in 
form;  the  caudal  plates  are  very  broad,  and  roundly  quadrate  in 
form ;  the  outer  pair  of  plates  are  divided  by  a  curved  suture  near 
their  extremities  as  in  other  Astacidce*. 

The  epimera  of  the  first  five  segments  are  rounded ;  that  of  the 
sixth  is  falcate,  and  to  its  lateral  and  posterior  margins  the  caudal 
lamellae  are  articulated. 

Dimensions  (from  a  specimen  in  the  British  Museum). — ^Length 
4|  inches  ;  extreme  breadth  of  carapace  2  inches  4  lines ;  length 
of  carapace  2  inches  2  lines  ;  breadth  of  frontal  portion  of  carapace 
1  inch ;  length  of  abdomen  2  inches  8  lines,  breadth  of  same  IJ 
inch ;  breadth  of  caudal  plates  2  inches  4  lines ;  extreme  length 
of  chelae  2  inches  10  lines  (length  of  second  pair  of  limbs  2  inches 

4  lines,  Mr.  Brodie's  specimen);  breadth  of  first  pair  of  limbs  3 
lines,  second  pair  2  lines. 

Localities. — Lias,  Barrow-on-Soar. 
The  affinities  of  this  species  are  more  with  Eryon  antiquus,  save 

*  This  suture  is  absent  in  the  outer  caudal  lamellae  of  the  Solenhofen  species 
— a  most  important  distinction  :  they  differ  widely  also  in  form. 
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for  the  extreme  length  of  the  forearms  of  the  latter  and  the  more 
oval  form  of  its  carapace. 

3.  Eryon  crassichelis,  spec.  nov.     PI.  XXY.  %.  2. 

I  have  had  the  opportunity  of  examining  two  specimens  repre- 
senting this  species, — one  a  detached  and  folded  carapace,  exhibiting 

the  upper  surface ;  the  other  an  almost  entire  example  exhibiting 
the  under  surface — a  position  in  which  at  least  nine-tenths  of  the 
specimens  occur,  not  only  in  our  own  Lias,  but  in  the  Lithographic 
Stone  of  Solenhofen. 

The  separate  carapace  (obtained  by  Mr.  E.  C.  H.  Day,  F.G.S., 
and  now  in  the  British  Museum)  is  one-third  broader  than  long, 
and  is  altogether  more  rounded  in  form  than  E.  Barrovensis  or 
E.  antiquus. 

The  branchial  margin  has  along  its  border  a  row  of  strong  spines, 
which  gradually  decrease  in  size  towards  the  frontal  portion  of  the 
carapace,  where  they  entirely  disappear. 

The  indentations  along  the  lateral  margins  of  the  carapace  are 
less  deep,  and  the  lobes  formed  thereby  have  not  the  pointed  cha- 

racter seen  in  E.  Barrovensis  and  other  species.  The  orbital  fossae 
are  rounder,  and  have  one  spine  on  their  exterior  border ;  the  rostral 
notch  is  but  slightly  indented. 

Between  the  orbital  fossae  and  the  nuchal  furrow  there  is  seen 

upon  the  margin  of  Mr.  Day's  specimen  a  prominent  round  body, 
which,  from  its  form,  is  most  probably  the  eye  somewhat  displaced  ; 
but  in  E.  arctiformis  they  are  placed  outside  the  outer  antennae. 

The  surface  of  the  carapace  is  uniformly  and  finely  punctated, 
and  has  the  three  ridges  seen  in  Eryon  Barrovensis ;  but  they  are 
not  tuberculated,  save  at  the  posterior  margin,  where  one  tubercle  is 
placed  at  the  base  of  each  of  the  lateral  ridges. 

A  striking  distinction  marks  this  species,  in  the  shortness  and 
thickness  of  the  hands  (as  seen  in  an  almost  entire  example  from  the 
collection  of  Captain  Hussey  of  Lyme  Regis).  The  fixed  and  move- 

able digits  are  less  equal,  broader,  and  more  curved  than  in  the  other 
English  species. 

The  four  following  pairs  of  limbs  are  only  imperfectly  preserved ; 
nor  does  the  underside  of  the  abdomen  yield  much  detail. 

The  seventh  segment  (or  telson)  is  perhaps  more  pointed,  and  the 
caudal  plates  less  round,  than  in  E.  Barrove7isis. 

The  only  species  with  which  I  am  acquainted  that  is  furnished 

with  hands  like  E.  crasslchelis  is  the  E.  Escheri*,  Oppel  (also  from 
the  Lower  Lias)  ;  but  the  specimen  is  one-half  the  size  and  too 
imperfect  for  comparison,  save  in  the  chelae.  The  specimen  figured 
by  Oppel  is  from  Miilligen,  near  Baden. 

Dimensions. — Carapace  (detached) :  length  2  inches  1  line  ;  breadth 
3  inches  (measured  across  the  branchial  region)  ;  breadth  of  frontal 
portion  of  carapace  16  lines. 

Nearly  entire  specimen  (Captain  Hussey's  collection)  :  —Greatest 
length  of  animal  3  inches  6  lines ;  greatest  breadth  of  carapace  1 

*  See  Oppel,  op.  cit.  t.  1.  fig.  1,  p.  10. 
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inch  10  lines  ;  greatest  breadth  of  abdomen  1  inch  1  line ;  length  of 
carapace  1  inch  7  lines ;  length  of  abdomen  1  inch  10  lines  ;  length 
of  telson  7  lines  ;  length  of  forearm  and  hand  15  lines  ;  breadth  of 
hand  4  lines. 

4.  Eeton  Wilmcotensis,  spec.  nov.     PI.  XXIV.  fig.  3. 

A  slab  from  the  collection  of  Charles  Moore,  Esq.,  E.G.S.,  of  Bath, 
contains  no  fewer  than  fifteen  individuals  of  a  small  species*  of  Eryon, 
which  I  have  been  extremely  unwilling  to  treat  as  distinct  from  E. 
Barrovensis,  on  account  of  the  circumstance  that  the  entire  group  are 
preserved  with  their  ventral  surfaces  exposed,  and  in  none  can  the 
contour  of  the  carapace  be  traced. 

Among  the  specimens  from  the  collection  of  R.  F.  Tomes,  Esq., 
F.Z.S.,  is  a  small  carapace  without  any  appendages,  which,  how- 

ever, agrees  very  well  in  size  with  the  above-mentioned  examples, 
and  may,  perhaps,  be  identical  with  them. 

The  former  is  from  the  railway-cutting  at  Pyle  TTill,  near  Bristol, 

from  the  "  insect-bed  "  or  "  Modiola-minima  "  bed  of  the  geological 
surveyors,  one  of  the  basement  beds  of  the  Lower  Lias. 

The  latter  is  from  Wilmcote,  near  Stratford- on- Avon,  from  the 
"  bottom  block  "-bed  of  the  Lower  Lias. 

This  carapace  (see  figure)  is  somewhat  shorter  and  broader  in  its 
proportions  than  E.  Barrovensis  (measuring  14|  lines  in  breadth, 
12  lines  in  length)  ;  the  branchial  region  is  more  rounded  ;  and  the 
dentations  around  the  margin  of  the  carapace  are  much  wider  in 
proportion  to  its  size  ;  whilst  the  relative  distance  across  the  frontal 
portion  is  twice  that  of  E.  Barrovensis.  The  surface  of  the  carapace 
is  evenly  covered  with  minute  granulations ;  and  there  are  no  large 
tubercles  along  the  median  line,  such  as  occur  in  the  former  species. 

Whether  the  Pyle-Hill  specimens  be  identical  with  the  Wilmcote 
example  remains  to  be  proven ;  in  the  meantime  I  have  ventured  to 
name  the  carapace  Wilmcotensis,  as  I  think  it  important  to  draw 
the  attention  of  Liassic  palaeontologists  to  this  subject,  in  the  hope 
that  more  complete  specimens  may  be  sought  for. 

5.  Erton  Brodiei,  spec.nov.t     PI.  XXIY.  fig.  2. 

This  unique  form  is  from  the  Lower  Lias  rock,  Lyme  Eegis,  and 
is  at  once  distinguishable  from  the  other  species  of  this  genus  by  its 
more  strongly  ridged  carapace  and  the  straightness  of  the  margin 
along  its  branchial  regions  ;  the  greatest  width  of  the  carapace  is  not 
in  the  centre  of  the  branchial  portion,  but  at  its  extreme  front,  from 
which  point  the  breadth  decreases  to  one-third  at  the  posterior  mar- 

gin, which,  however,  is  mutilated.  The  hepatic  region  is  less  dilated 
laterally,  but  wider  in  front  than  in  E.  Barrovensis ;  and  the  orbital 
foss88  and  rostral  indentation  are  less  deep.  In  this  specimen  one 
eye  is  preserved  in  situ.  A  second  furrow  (but  faintly  seen  in  the 

centre  of  other  species  of  Ei^yon)  crosses  the  entire  breadth  of  the 

*  Measuring  2  inches  in  their  greatest  length,  and  about  f  inch  in  width, 
t  British  Museum  Collection. 
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carapace  behind  the  nuchal  furrow,  entering  the  margin  at  the  latero- 
posterior  indentation. 

A  rounded  protuberance  occupies  the  centre  of  the  carapace  in 
front  of  the  nuchal  furrow,  and  a  small  tubercle  behind  it.  There 
are  two  lateral  furrows  upon  the  branchial  region  on  either  side  of 
the  mesial  ridge.  The  surface  of  the  carapace  is  sparingly  granu- 
lated. 

Dimensions.  —  Length  of  carapace  2  inches  (when  perfect)  ; 
greatest  breadth  1  inch  10  lines  ;  width  in  front  11  lines ;  width 
at  nuchal  furrow  1  inch  4  Hnes. 

I  have  named  this  example  after  the  president  of  the  Warwick- 

shire Naturalists'  Field-club,  the  Eev.  P.  B.  Brodie,  M.A.,  T.G.S., 
who  has  obligingly  placed  his  collection  at  my  service. 

6.  Eryon  Moorei,  spec.  nov.     PL  XXY.  fig.  3. 

Those  who  have  visited  the  Bath  Museum  (especially  during  the 
British  Association  Meeting  in  Bath)  will  remember  the  fine  suite  of 
fossils  from  the  Upper  Lias  fish-bed  obtained  by  Mr.  Charles  Moore, 
F.G.S.,  of  Bath,  who  has  devoted  years  of  labour  to  the  investigation 
of  this  and  other  Jurassic  beds. 

Among  a  number  of  specimens  (including  six  or  seven  different 
species)  is  the  present  very  perfect  httle  Eryon,  which  I  have  named 
after  its  discoverer. 

The  original  is  14  lines  in  length,  and  6  lines  in  its  greatest 
width. 

The  carapace  is  smooth  and  nearly  oval,  but  truncated  at  its 
extremities,  being  4  lines  wide  at  its  posterior  border,  and  2|  lines 
at  its  anterior. 

A  double  furrow,  uniting  in  the  centre  of  the  carapace,  crosses 
the  entire  breadth,  diverging  at  the  lateral  border,  and  forming,  by 
two  slight  indentations,  a  square  central  lobe  on  either  side,  1  line 
in  breadth. 

A  small  projecting  tooth  marks  the  shallow  orbital  depression 
on  either  side,  while  two  prominent  rostral  spines  enclose  the 
antennse. 

The  forearm  (which  is  the  only  limb  preserved)  is,  in  its  entire 
length,  equal  to  the  length  of  the  carapace,  of  which  the  slender 
didactyle  extremities  form  one  fourth  part. 

The  median  ridge  of  the  carapace  only  extends  as  far  as  the 
nuchal  furrow. 

The  frontal  central  portion  is  tumid,  and  is  slightly  granular 
anteriorly. 

The  abdominal  segments  are  4  lines  in  width,  and  are  strongly 
grooved  transversely,  and  have  their  lateral  margins  granulated. 

The  telson  is  acutely  angular ;  the  side  lobes  are  more  narrow  and 
pointed  than  in  the  other  English  species,  more  closely  resembling 
in  this  respect  E.  arctiformis  from  Solenhofen. 

Eryon  Moorei  is  represented  in  the  Solenhofen  Stone  by  E.  Schu- 
herti  of  Meyer,  from  which  it  differs,  however,  in  the  lateral  emargi- 
nations  and  transverse  furrows  on  the  carapace,  E.  Schnherti  being 
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apparently  destitute  of  a  nuchal  furrow ;    it  differs  also  in  the  form 
of  the  anterior  border  of  its  carapace. 

Upper  White  Lias.  Ilminster.  Museum  of  Charles  Moore,  Esq., 
F.G.S. 

7.  Erton  Oppeli,  spec.  nov.     PI.  XXIY.  fig.  4. 

I  beg  leave  to  call  attention  to  a  curious  specimen  of  Eryon  (part 
of  the  Haberlein  collection,  now  lodged  in  the  British  Museum) 
from  the  Lithographic  Stone  of  Solenhofen. 

It  is  preserved  upon  the  plane  surface  of  a  slab,  and  shows  the 
five  pairs  of  limbs,  the  large  and  broad  maxillipedes  with  their  palpi 
attached,  one  of  the  inner  antennae  with  its  two  setae,  and,  lastly, 
the  fourth,  fifth,  sixth,  and  seventh  abdominal  segments  with  their 
caudal  plates  attached. 

Out  of  the  large  number  of  specimens  of  Eryon  which  I  have 
been  able  to  examine  from  Solenhofen,  and  among  the  numerous 
examples  figured,  I  cannot  find  a  single  instance  in  which,  as  in 
this  individual,  the  first  pair  of  chelae  are  so  small  as  compared  with 
the  four  succeeding  pairs  of  legs,  or  in  which  the  caudal  plates, 
including  the  central  plate  (the  telson)  are  so  remarkably  round  and 
broad. 

In  illustration  of  the  complete  manner  in  which  the  Solenhofen 
Crustacea  have  been  treated,  I  believe  this  to  be  the  only  inde- 

terminable example  out  of  a  collection  containing  upwards  of  400 
specimens  of  this  class. 

I  propose  to  name  it  Eryon  Oppeli,  after  the  author  of  the 

'  Palaontologischen  Mittheilungen,'  whose  works  will  long  remain his  best  monument. 

Length  of  forearm  1  inch  4  lines,  breadth  2  lines ;  length  of 
chelae  2  lines,  second  pair  18  lines  long,  breadth  1|  line ;  length 
of  third  pair  14  lines,  breadth  1 J  line  ;  length  of  fourth  pair  13 
lines,  breadth  IJ  line  ;  all  these  are  chelate,  but  the  fifth  pair  are 
monodactylous ;  length  of  fifth  pair  7|-  lines,  breadth  1  line. 

Maxillae  5  J  lines  in  length  by  3  lines  in  breadth,  semiorbicular 
in  form  exteriorly,  interior  margins  straight  and  finely  serrated ; 
palpus  3  lines  in  length ;  antennae  3  J  lines  in  length ;  abdomen 
8J  lines  in  breadth ;  telson  7  lines  long  by  6|  broad — with  the 
overlapping  caudal  plates,  making  11  lines  in  breadth. 

Eeyois-,  sp.  ? 
I  wish  to  record  the  fact  that  Mr.  Moore  has  also  obtained  from 

this  same  Upper  Lias  rock  a  fine  Eryon,  which  measured  at  least 
6  inches  in  length,  its  abdomen  2  inches  in  breadth,  and  the  cara- 

pace probably  2|  inches ;  much  of  the  latter,  however,  has  been 
destroyed ;  and  therefore  I  do  not  feel  warranted  in  giving  it  a 
specific  name,  as  it  may  perhaps  prove  to  be  Eryon  antiquus  when 
we  know  more  about  it. 

Ebton",  sp? 

Lower  Chalk,  Steyning.     (Vide  Morris's  Catalogue,  p.  108.) 
This  is  probably  a  portion  of  a  Squilla,  several  fragments  of  which 
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have  been  found.  Two  are  in  the  British  Museum  (from  Mrs. 

Smith's  collection),  from  the  hard  chalk  of  Dover ;  another  is  in  the 
collection  of  James  Carter,  Esq.,  of  Cambridge,  and  is  figured  in  Mr. 

Lowry's  *  Chart  of  Fossil  Crustacea.'  I  know  of  no  Cretaceous 
species  of  Eryon. 

Lias. 

Dogger. Malm 

1 

* 

¥r 

Mr 

Mr 

10 

1 

-3 

1 
^ 

P 

i 1 t 
o 

Eryon,  Desmar. 

1.  propinquus,  Schlot   

3    orbiculatus  Munst      

5.  arctiformis  Schlot   

6.  bilobatus,  Munst   

8    Schuberti  Meijer      
9.  Redenbacheri,  Munst   

10.  Perroni,  Etall   * 
11    Hartmanni   Meyer        

Mr 

Mr 
12.  Edwardsii,  Moriere   
13.  Escheri  Oppel   

Mr 

1*1:    antiQuus  Srod   

16.  Moorei  H.  Woodw   
17.  Wilmcotensis,  H.  Woodw   
18.  Brodiei,  H.  Woodw   
19.  crassichelis,  H.  Woodw   

20.  Oppeh,  H.  Woodw   

6 

— 
3 

— — — — 
1 

Note. — The  species,  in  the  above  Table,  numbered  1  to  9  are  from  the  Solen- 
hofen  Limestone,  and  described  and  figured  by  Dr.  Oppel  {op.  cit.),  also : — 

E.  Escheri  from  the  Lower  Lias,  Baden. 
E.  ( Coleia)  antiquus,  Lower  Lias,  Lyme :   by  Mr.  Broderip,  Trans.  Geol.  Soc. 

2nd  series,  vol.  v.  t.  12.  f.  1  &  2. 

E.  Barrovensis,  Lower  Lias,  Barrow-on-Soar :  by  Prof.  M'Coy,  Ann.  Nat.  Hist. 
1849,  p.  172. 

E.  Hartmanni,  from  the  Upper  Lias,  Wiirtemberg :  by  H.  von  Meyer,  Nova 
Act.  Acad.  C.  xviii.  Bd.  p.  263. 

E.  Perroni,  from  the  Oxfordian,  Calmoutiers,  Haute-Saone,  France:  by  M. 
Etallon,  Crust.  Foss.  de  la  H.-Saone,  Bullet.  Soc.  Greol.  de  France,  t.  xvi. 
p.  169,  tab.  4.  f.  1-3. 

E.  Edwardsii,  from  the  Upper  Lias,  Calvados :  by  M.  Moriere,  1864,  Bull,  de 
la  Soc.  Linn,  de  Normandie,  t.  viii.  p.  89,  pi.  vi. 

For   directing  my  attention  to   this  last  species,  I  am  much  indebted  to 

Mr.  Ealph  Tate,  F.Gr.S.,  the  obliging  Subcurator  of  the  Geological  Society's Museum. 

The  remaining  five  species  enumerated  are  figured  and  described  in  this  paper. 

Although  the  genus  Eryon  occurs  fossil  at  Solenhofen  with  a 
Limulus  so  like  our  own  recent  species  that,  I  think,  no  one  will 
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doubt  their  consanguinity,  yet  the  former  has  died  out,  and  the 
latter  remains  to  this  day. 

The  Scyllaridce,  which  take  their  place  at  the  present  day,  have 
only  a  mimetic  resemblance  to  them,  the  simulation  being  assisted 
in  a  great  degree  by  the  broad  scale -hke  form  of  the  outer  pair  of 
antennae,  which  are  flattened  out  and  lie  in  a  plane  with  the  cara- 

pace. They,  however,  ofl'er  some  points  for  comparison,  and  occur 
most  commonly  in  the  China  Seas  and  on  the  coast  of  Japan,  asso- 

ciated with  recent  Limuli  and  forms  of  Palinurus,  &c.,  which  are 
found  together  in  a  fossil  condition  in  Bavaria. 

"Where  a  series  of  similar  forms  occur  together,  fossil  and  recent, it  is  fair  to  infer  a  similarity  of  conditions  favourable  to  such  a. 
group. 

The  wide  tracks  of  fine  argillaceous  mud  which  characterize  the 
enormous  rivers  of  China,  the  coast,  and  its  adjacent  islands,  agree 
well  with  the  lithological  texture  of  the  Solenhofen  beds  in  which 
the  fossil  Crustacea  lie  imbedded;  and  the  terrestrial  conditions 

evidenced  by  the  remains  of  Sauria,  the  Archceopteryoc,  and  Ptero- 
dactyles,  with  countless  Libellulce,  spiders,  and  Cycadece  of  large  size, 
point  to  a  continent  close  at  hand,  the  rivers  of  which  brought  down 
the  periodic  mud- avalanches  which  entombed  the  cuttlefishes  and 
Crustacea  in  such  quantities  both  at  Pappenheim  and  Solenhofen. 

By  referring  to  the  preceding  Table,  it  will  be  seen  that  only  three 
continental  species  of  Eryon  (E.  Escheri,  Edwardsi,  and  Hartmanni) 
occur  in  the  Lias,  the  remainder  being  from  the  Lithographic  Stone 

(Upper  Oolite). 
We  ought  then,  T  think,  either  to  find  many  more  species  in  our 

Oolite,  or  to  regard  the  lithographic  species  as  the  representatives 
of  our  Liassic  forms  in  Bavaria. 

A  comparison  of  further  genera  and  species  from  the  Lias  will  show 
that  we  have  representatives  of  nearly  every  form  from  Solenhofen 
in  our  Lias  beds. 

EXPLANATION  OF  THE  PLATES 

{Illustrative  of  the  genus  Eryon). 

Plate  XXIV.  figs.  2-4. 

Fig.  2.  Carapace  of  Eryon  Brodiei,  H.  Woodw.  Lower  Lias,  Lyme  Regis.  Two- 
thirds  the  natural  size.     Collection  of  the  British  Museum. 

3.  Eryon  Wilmcotensis,  H.  Woodw.     Lower  Lias,  Wilmcote.     Natural  size. 
Collection  of  R.  F.  Tomes,  Esq.,  F.Z.S. 

4.  Eryon  Oppeli,  H.  Woodw,     Lithographic  stone,  Solenhofen.     Natural 
size ;  from  the  original  in  the  British  Museum. 

Plate  XXV.  figs.  1-3. 

Fig.  1.  Eryon  Barrovensis,  M'Coy.  Lower  Lias,  Barrow  on  Soar,  Leicestershire. 
One-half  the  natural  size ;  restored  from  specimens  in  the  collection 
of  the  Rev.  P.  B.  Brodie,  M.A.,  F.Gr.S.,  and  in  the  British  Museum. 

2.  Eryon  crassichelis.  H.  Woodw.     Lower  Lias,  Lyme  Regis.     One-third 
the  natural  size.     Collection  of  Captain  Hussey,  Lyme. 

3.  Eryon  Moorei,  H.  Woodw.     Upper  White  Lias,  Ilminster.     Twice  the 
natural  size.     Collection  of  Charles  Moore,  Esq.,  F.G.S.,  Bath. 
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4.  On  a  jSTew  Genus  of  Phyllopodous  Crustacea  from  the  Moffat 
Shales  (Llandeilo  Flags)  Dumfriesshire.  Bj  Henry  Woodward, 
Esq.,  F.G.S.,  F.Z.S. 

[Plate  XXY.  figs.  4-7.] 

Having  lately  received  from  Mr.  D.  J.  Brown,  of  Edinburgh, 
specimens  of  shells,  attributed  to  Discina  and  Modiolopsis,  from 
Garple  Burn,  near  Moffat,  I  examined  them  in  conjunction  with  my 

colleague,  Mr.  "W.  Carruthers,  E.L.S. ;  and  we  were  enabled,  by  the 
help  of  these  specimens  and  of  others  in  Mr.  Carruthers's  own  collec- 

tion, to  determine  them  all  to  belong  to  one  organism  (folded  in  some 
instances,  and  in  others  spread  open),  and  that  not  a  mollusk,  but  a 
crustacean  allied  to  Apus  &c. 

The  fossil  might  readily  be  mistaken  for  the  upper  valve  of  a 
Discina,  having  a  strong  resemblance  to  Discina  nitida  from  the 
Carboniferous  Limestone,  and  to  Discina  lamellosa,  recent,  from  Peru ; 
but  upon  a  more  careful  examination  nearly  every  specimen  is 
found  to  have  in  the  front  of  the  shell  a  wedge-shaped  opening  with 
a  well-defined  border,  which  cuts  the  disk  nearly  to  its  centre  *. 

In  a  specimen  from  Mr.  Carruthers's  collection  (PL  XXY.  fig.  7) 
the  wedge-shaped  sector  which  closes  this  opening  remains  in  situ, 
but  the  suture  can  still  be  detected. 

In  another  specimen,  from  Mr.  Brown's  collection  (PI.  XXY. 
fig.  5),  remains  of  the  tail-segments  are  preserved  on  the  same  slab 
with  the  folded  shell. 

The  carapace,  for  such  it  must  be  considered,  is  ornamented  by 
concentric  lines  of  growth,  which  curve  slightly  inwards  upon  reach- 

ing the  margin  of  the  wedge-shaped  suture  in  front.  These  con- 
centric lines  are  finer  and  closer  to  each  other  near  the  apex,  and 

more  stronly  marked  and  further  apart  near  its  margin.  The  sector 
displays  similar  concentric  lines  of  growth  with  the  rest  of  the  cara- 

pace. The  form  of  the  shell  is  slightly  conical,  as  in  Discina ;  but 
many  of  the  specimens,  being  crushed,  do  not  show  the  normal  form. 
The  apex  of  the  shell  is  placed  immediately  behind  the  wedge-shaped 
suture  before  mentioned. 

In  all  the  specimens  yet  seen  no  dorsal  furrow  can  be  detected, 
the   concentric   lines  passing  smoothly  in  unbroken  series  around 

*  Mr.  Davidson,  to  whom  Mr.  Brown  had  submitted  certain  other  more 
minute  shell-like  impressions  from  these  shales,  thus  writes  concerning  them 
and  the  fossil  at  present  under  consideration  : — 

"  33  Park  Crescent,  Brighton, 
"  27th  October,  1865. 

"  My  dear  Sir, — I  send  for  your  inspection  the  two  specimens  that  were  sent 
to  me  by  Mr,  Brown,  of  Edinburgh,  and  which  were  derived  from  the  Dum- 

friesshire beds.  They  are  certainly  obscure  fossils  ;  but  the  specimens  yovi 
showed  me  were  not  Brachiopoda,  but,  as  you  said,  remains  of  Crustacea. 

"  Those  I  send  show  no  indications  of  the  fissure,  or  notch,  and  have  a  much 
more  Brachiopodous  look  than  those  in  London.  One  of  them  somewhat  resem- 

bles a  Lingula,  the  other  a  Discina  ;  but  I  do  not  say  they  are  Brachiopoda. 

"  I  remain,  very  truly  yours, 

(Signed)        "Thos.  Davidson." «'  To  H.  Woodward,  Esq." 
_0L.  XXII.— PART  I.  2  M 
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the  posterior  surface  up  to  the  margins  of  the  suture.  The  absence 
of  a  dorsal  furrow  at  once  separates  it  from  Peltocaris  HarTcnessi 
and  P.  aptychoides  (PL  XXY.  fig.  6),  allied  forms  of  Phyllopodous 
Crustacea  found  in  the  same  shales. 

The  wedge-shaped  suture,  which  divides  the  shield  of  this  crus- 
tacean in  front,  doubtless  corresponds  with  the  suture  in  the  shield 

of  Apus  and  the  nuchal  furrow  in  the  Macrurous  Decapods. 
A  similar  line  of  separation  has  already  been  noticed  in  the  shield 

of  Peltocaris  aptychoides.  (See  Mr,  Salter's  paper  in  the  Quart. 
Journ.  Geol.  Soc.  vol.  viii.  pi.  21.  fig.  10.) 

Why,  it  may  be  asked,  does  the  shield  in  this  old  crustacean,  and 
also  in  P.  aptychoides,  always  separate  along  this  line  of  suture,  and 
leave  the  appearance  presented  in  the  figure  ?     (PI.  XXY.  fig.  4.) 

I  can  best  explain  this  by  referring  to  the  recent  Apus,  in  which 
the  footjaws,  branchiae,  and  abdomen  appear  to  be  aU  strongly 
united  to  the  head,  and  that  to  the  rostral  portion  of  the  carapace ; 
whilst  to  the  far  larger  posterior  surface  of  the  shield  the  attachment 
is  so  slight  that  specimens  always  become  detached  in  this  manner, 
and,  as  in  the  case  of  the  phragmacone  and  sheath  of  the  fossil  Belem- 
nite,  the  soft  parts  of  the  animal  will  often  be  found  in  one  locality 
and  the  carapaces  minus  the  frontal  portion  in  another. 

Such  is  the  case  with  Dithyrocaris,  an  allied  genus,  the  organs  of 
manducation  of  which  are  seldom  if  ever  found  with  the  shields,  but 
in  nodules  (probably  composed  of  the  soft  parts  of  the  animal)  in  a 

bed  by  themselves*. 
It  may  be  interesting  to  record  that  among  the  specimens  from 

Mr.  Carruthers's  cabinet  is  a  small  example  of  Peltocaris  aptychoides, 
which  exhibits  the  concentric  lines  of  growth  as  in  the  Discina-like 
form  herein  described.     (See  Plate  XXY.  fig.  6.) 

"With  the  exception  of  GraptoHtes,  fossils  are  of  rare  occurrence 
in  the  Mofi'at  shales.  Mr.  Salter  has,  as  already  stated,  describedf 
two  phyllopodous  Crustacea,  Peltocaris  Harhnessi  and  P.  aptychoides. 
Professor  Harkness  has  found  a  small  Brachiopod  {Siphonotreta 

micula,  M'Coy),  and  Mr.  J".  Stevens,  formerly  of  Mofi'at,  a  single specimen  of  Tentaculites. 
The  addition,  therefore,  of  a  new  Phyllopod  is  an  interesting  dis- 

covery. Erom  its  resemblance  to  Discina,  I  have  proposed  for  it 
the  generic  name  of  Discinocaris,  and  the  specific  appellation  of 
Broiuniana  after  Mr.  D.  J.  Brown,  who  first  drew  my  attention  to  it. 

Dimensions. — Diameter  of  disk-shaped  carapace  7  lines,  sector 
one-sixth  of  its  arc.  A  larger  specimen  folded  together  probably 
measured  14  lines  in  diameter. 

EXPLANATION  OF  PLATE  XXV.  figs.  4-7. 
{Illustrative  o/ Discinocaris  Brovmiana.) 

Fig.  4.  Discinocaris  Browniana,  H.  Woodw.     Moffat  Shales  (Lower  Silurian), 
Dumfriesshire.      Natural   size.      Collection   of  Mr.   D.   J.    Brown, 

^  Oeol.  Mag.  vol.  ii.  1865,  p.  401,  pi.  11. 
t  Quart.  Journ.  Geol.  Soc.  vol.  xix.  p.  87. 
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Edinburgh.  The  wedge-shaped  rostral  portion  is  absent  from  this, 
specimen. 

The  same,  in  which  the  shield  is  folded  together.  Natural  size.  Col- 
lection of  Mr.  D.  J.  Brown,  Edinburgh. 

Peltocaris  aptychoides,  Salter.  Moffat  Shales,  Dumfriesshire.  Three 
times  the  natural  size.     Collection  of  W.  Carruthers,  Esq.,  F.L.S. 

Discinocaris  Browniana,  having  the  wedge-shaped  rostral  portion  in  situ. 
Natural  size.  Collection  of  W.  Carruthers,  Esq.,  P  .L.S.,  of  the  British 
Museum. 

5.  Notes  relating  to  the  Discoyery  of  Primordial  Fossils  in  the 
LiNGULA-ELAGS  in  the  Neighbourhood  of  Tyddyngwladis  Silyee- 
LEAD  Mine.     By  John  Plant,  Esq.,  P.G.S. 

[Abstract.] 

The  author  recorded  in  this  paper  the  discovery,  during  the  autumn 
of  1865,  of  fossils  at  Tyddyngwladis  in  beds  belonging  to  the  Lin- 
gula-flags  or  Primordial  zone,  and  partly  referable  to  species  known 
to  occur  in  other  parts  of  Wales  on  the  same  horizon. 

A  detailed  examination  of  the  district,  undertaken  by  the  author 
and  Mr.  E.  Williamson,  has  enabled  them  to  draw  a  section  ex- 

tending from  the  junction  of  the  Lower  and  Upper  Cambrians*  at 
Cefn  Deuddwr  to  the  base  of  Craig-y-Dinas,  which  was  described 
in  detail  t  by  the  author. 

The  following  list  of  the  fossils  found  in  the  various  divisions  of 

the  Lingula-beds  adopted  by  the  author,  and  arranged  in  their  order 
of  sequence,  commencing  with  the  lowest,  have  been  prepared,  after 
Mr.  Salter's  examination  of  the  collection. 

Tyddyngivladis  Slates  (Loiver  Lingula-beds). 
No.  1.  Has  not  been  examined. 
No.  2.  Anopolenus  Henrici,  Salter. 

  Salteri,  Hides.   ,  sp. 
Paradoxides  Hicksii,  Salter. 
Microdiscus  punctatus,  Salter. 
Agnostus  Davidis,  Salter. 
  princeps,  Salter.   ,  sp. 
Theca,  sp. 

No.  2.  Lingulella  unguiculus,  Salter. 
  ,  sp. 

Obolella,  sp. 

Protospongia  fenestrata,  Salter. 

|Dictyonema  G-raptolithinum  ? No.  3.  Agnostus,  sp. 
Obolella,  larger  sp. 

No.  4.  Paradoxides  Davidis,  Salter. 
Theca  corrugata,  Salter. 

Cwm  Eisen  Slates  {Lower  Lingula-heds). 
No.  5.  Olenus  cataractes,  Salter. 

  ,  sp.  nov. 
Agnostus  princeps,  Salter. 

No.  5.  Agnostus  trisectus,  Salter. 
Tract  of  a  Trilobite. 
Holocephalina,  sp. 

Hafod  Owen  Sandstones  (Middle  Lingula-heds). 
No. Olenus,  sp.  nov. 

Conocoryphe,  sp.  nov. 
Lingulella  Davisii,  Salter, 

No.  6.  Hymenocaris? 
Annelid-tracks  and  borings. 

JButhotrephis  (fucus). 

*  The  Upper  Cambrians  of  this  author  comprise  the  Lingula-flags,  or  base 
of  the  Lower  Silurian,  of  Sir  Eoderick  Murchison  and  other  geologists. 

t  Published  in  fall  in  the  Transactions  of  the  Manchester  Ceol.  Soc.  vol.  v. 
p.  220  et  seq. 

1  These  are  not  Mr.  Salter's  naming, 
2m2 



506 
PROCEEDIlfGS  OF  THE  GEOLOGICAL  SOCIEXr.  [JunO  6, 

JRhlwfely  Slates  (Upper  Lingula-heds). 

No.  7.  Olenus  (Peltura)  scaraba^oides, 
Wahl. 

,    Olenus  spinulosus,  Wahl. 
■   ,    sp.    nov.,  with    longer 

spines. 

No.  7.  Sph£eroplitbalmushumili3,PM/. 
Agnostus  princeps,  Salter. 
Lingulella  lepis,  Salter. 
Orthis  lenticularis,  Balm. 
  ,  sp.  nov. 

3£oel  Gron  Slates  {Upper  Lingula-heds). 

No.  8.  Sphseroplithalmus     pecten, 
Salter. 
  humilis,  PMll. 
  bisulcatus,  Phill. 

\   alatus,  BxcJc. 
Olenus  (Peltura)  scarabceoides, 

Wahl. 
|Parabolina  serrata,  Salter. 

No.  8.  Olenus,  sp.  nov.  with  long  head- 

spines. Agnostus  princeps,  Salter. 
  trisectus,  Salter. 
  ,  sp.  nov. 
Conocorypbe  Plantii,  sp.  n., 

Salter. 
Conocoryphe,  sp. 

JuXE  6,  1866. 

The  following-  communications  were  read : — 

1.  On  the  Metamoephic  and  Fossilifeeous  E,oces  of  tJie  county  of 

Galway.  By  Professor  E.  HaekNess,  F.E.S.,  E.G.S.,  Queen's 
College,  Cork. 

The  portion  of  the  county  of  Galway  which  lies  between  Killery  Har- 
bour on  the  north  and  Galway  Bay  on  the  south,  includes  Con- 

nemara  and  Joyce's  country,  one  of  the  wildest  and  most  moun- 
tainous districts  of  Ireland. 

A  section  of  the  geology  of  this  district  is  given  in  Sir  Eichard 

Griffith's  Geological  Map  of  Ireland ;  and  the  rocks  of  the  country 
have  been  generally  alluded  to  by  Sir  Eoderick  I.  Murchison  in  the 

last  edition  of  '  Siluria.' 
The  rugged  Connemara  district  is  for  the  most  part  made  up 

of  metamorphic  rocks,  among  which  patches  of  granite  occur; 
and  this  latter  rock  is  found  occupying  a  considerable  area  on  the 
south  of  the  metamorphic  series,  and  extending  to  the  northern 

boundary  of  Galway  Bay.  It  also  constitutes  the  rocky  and  moory 
country  known  as  Moycullen,  which  lies  on  the  west  side  of  Lough 
Corrib. 

The  metamorphic  rocks,  as  they  are  seen  on  the  northern  margin 
of  the  granitic  area,  consist  of  gneissose  strata,  which  strike  east 
and  west,  and  which,  although  much  contorted,  have  a  prevailing 

southerly  dip,  or  incline  towards  the  granitic  area.  On  their  northern- 
side  rocks  occurs  a  band  of  limestone,  which  can  be  traced  west- 

wards from  a  few  miles  west  of  Oughterard,  on  the  shores  of  Lough 
Corrib,  for  a  considerable  distance,  as  quarries  of  it  are  seen  near  the 
road  leading  from  Oughterard  to  Clifden.  One  of  these  appears  near 
where  the  Maame  Eoad  leaves  the  Clifden  Eoad,  at  a  spot  called 

Butler's  Lodge ;  and  here  the  limestone  is  light  grey  in  colour  and 

semicrystaUine  in  structure.     From  Butler's  Lodge  it  passes  west- 
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wards  through  Shindilla  Lake,  and  is 
again  seen  on  the  Clifden  Eoad  at  the 
Halfway  House,  where  it  has  a  dip  towards 

the  south  at  45°.  Prom  the  Halfway- 
House  it  is  again  seen  at  several  spots, 
where  it  has  been  worked,  on  the  south 
side  of  Clifden  Eoad  to  near  Recess. 

About  a  mile  north  of  Recess,  at  the 
southern  base  of  the  hill  called  Lisoughter, 
is  a  small  village  bearing  the  name  of  the 
hill.  Here  the  limestone  again  appears, 
but  considerably  to  the  north  of  its  former 
line  of  strike.  It  exhibits  at  Lisoughter 
its  east  and  west  strike,  and  passes  under 
gneissose  rocks  on  its  south  side,  but  is 

greatly  contorted  in  its  dips.  At  Li- 
soughter it  abounds  in  a  dark-green 

variety  of  serpentine  (Loganite),  and  pre- 
sents a  darker  colour  than  where  it  occurs 

as  a  more  easterly  band.  Besides  abound- 
ing in  serpentine,  the  limestone  at  Li- 

soughter also  contains  well- developed 
radiated  crystals  of  tremolite.  A  short 
distance  west  of  Lisoughter,  at  Coulma- 
thau,  between  Derryclare  Lake  and  Lough 
Inagh,  it  is  again  seen,  and  here  has  its 
usual  light -grey  colour  and  its  semi- 
crystalline  nature.  A  little  to  the  south- 

west of  Conlmathan,  on  the  margin  of  a 
small  bay  on  the  eastern  side  of  Derryclare 
Lake,  the  limestone  also  occurs,  having 
serpentine  imbedded  in  it,  and  exhibiting 
the  aspect  which  it  presents  at  Lisough- 

ter. Prom  the  eastern  margin  of  Derry- 
clare lake  it  extends  westwards  on  the 

northern  side  of  the  lake,  and  is  again 
seen  on  the  southern  side  of  Derryclare 
Mountain.  West  of  this  it  occurs,  in  the 

form  of  a  dark-coloured  serpentinous 
limestone,  in  the  lower  course  of  a  stream 
called  the  Glencoughan  River,  which 
flows  from  a  wild  deep  gorge  between  two 
of  the  Twelve  Bens  of  Connemara,  Bencorr 
(2336  feet),  and  Benbreen  (2276  feet). 

The  serpentinous  limestone  at  Glen- 
coughan River  dips  towards  the  south  and 

passes  under  the  gneissose  rocks.  It  has 
on  its  northern  side  a  mass  of  quartz- 
rock,  which  is  seen  in  the  course  of  the 
stream  a  short  distance  above  the  lime- 
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stone,  and  which  dips  south,  or  under  the  limestone.  The  latter  can 
be  traced,  coming  up  in  bosses  or  covered  by  a  green  band  of  vege- 

tation, from  the  Glencoughan  Eiver,  running  parallel  to,  and  a  short 
distance  from,  the  Clifden  Eoad,  to  a  house  called  the  Canal  Stage, 
where  it  crosses  from  the  north  to  the  south  side  of  the  road,  whence 
it  still  strikes  westwards  and  passes  beneath  the  waters  of  Ballyna- 
hinch  Lake. 

The  mass  of  limestone  which  lies  between  the  gneissose  rocks  and 

the  quartz-rocks  probably  exhibits  itself,  on  the  south  side  of  the  Con- 
nemara  Mountains,  in  more  than  one  band.  The  limestone  and  its 
associated  strata  have  been  greatly  contorted  in  this  part  of  the 
county  of  Galway,  and  denudation  has  also  aided  in  removing  the 
connecting  links  of  the  contortions — but  not  to  such  an  extent  as  in 
the  country  which  lies  on  the  north  side  of  it ;  and  by  these  agencies 
the  strata  have  been  frequently  repeated  on  the  surface. 

The  quartz-rocks  which  occur  on  the  northern  margins  of  the 
limestone  give  rise  to  the  bold  mountainous  scenery  of  Connemara. 
They  form  the  Twelve  Bens,  and  have  in  many  spots  a  very 
distinct  stratification,  and  a  strike  which  conforms  with  that  of 
the  limestones.  They  are,  among  the  Twelve  Bens,  thrown  into 
great  anticlinals  and  synchnals ;  and  in  one  of  these  latter,  which 
forms  the  east  and  west  valley  of  the  Owenghn  Eiver  (the  stream 
which  flows  into  the  sea  at  Chfden),  serpentinous  limestone  also 
occurs.  Between  the  Owenghn  valley  on  the  north  and  the  lime- 

stone band  which  passes  under  Ballynahinch  Lake  on  the  south, 
there  is  an  anticlinal  of  quartz-rocks.  The  upper  portion  of  the 
Owenglin  valley  is  occupied  by  a  district  called  Barnanoraun ;  and 
here  the  principal  quarries  of  serpentinous  limestone  occur. 

The  strike  of  these  limestones  here  is  also  east  and  west ;  but  the 
chp  cannot  be  made  out,  as  the  strata  are  excessively  contorted. 

The  serpentinous  limestones  of  Barnanoraun  thin  out  towards  the 

east  as  they  approach  the  quartz -rocks  of  Benbreen,  the  mountain  at 
the  head  of  the  valley.  This  thinning  out,  however,  is  the  result  of 
denudation. 

The  north  as  well  as  the  south  margin  of  the  valley  of  the  Owen- 
glin is  flanked  by  quartz-rocks  ;  and  the  contortions  which  have  taken 

place  among  the  rocks  near  the  centre  of  the  synclinal  of  the  Owen- 
glin valley  have  so  far  destroyed  the  original  lamination  of  the 

limestone  strata  as  to  open  out  irregular  interspaces ;  and  in  some 
cases  the  original  hmestone  has  disappeared,  its  place  being  supplied 
by  white  carbonate  of  Hme.  The  serpentinous  limestone  is  here 
much  hghter  in  colour  than  that  of  the  more  southern  band,  owing 
to  the  serpentine  being  of  a  lighter  green  colour  than  that  which 
occurs  at  Lisoughter  and  its  neighbourhood. 

"With  reference  to  the  quartz-rocks  of  the  Connemara  district,  the 
arrangement  of  these  and  their  relations  to  the  limestones  and  gneis- 

sose strata  can  be  well  seen  in  traversing  the  country  which  Hes 
between  the  Twelve  Bens  of  Connemara  on  the  west  and  the  Maame 

Tork  range  of  mountains  on  the  east.  These  ranges  are  separated 
from  each  other  by  a  wide  valley  having  a  north-west  and  south- 
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east  direction.  In  this  valley  is  Lough  Inagh,  the  only  lake  of  a 
considerable  size  in  the  Connemara  country^  which  has  a  north-west 
and  south-east  position. 

The  quartz-rocks  are  well  exposed  on  the  east  side  of  Derryclare 
Mountain  and  Bencorr. 

They  exhibit  on  this  side  of  the  range  an  anticlinal  axis,  on  the 
south  side  of  which  is  the  band  of  limestone  before  referred  to ;  and 
on  the  north  side  another  band  of  limestone  is  seen  in  the  valley  of 
Gleninagh.  This  limestone  of  Gleninagh  also  occurs  at  Peliskin, 
near  the  north-east  side  of  Lough  Inagh,  on  the  road  which  is 
now  being  made  from  the  Clifden  Road  northwards  to  Kylemore. 
As  seen  at  Peliskin  it  is  of  a  light-grey  colour,  and  has  the  sub- 
crystalline  nature  which  the  southern  band  exhibits  where  it  is 
not  charged  with  serpentine.  It  dips  from  the  anticlinal  which  lies 
to  the  south  of  the  limestone,  and  passes  conformably  under  a  small 
area  of  gneissose  rocks  which  occurs  to  the  north  of  Feliskin. 
The  rocks,  a  short  distance  northwards,  soon  assume  southerly 
dips,  the  limestone  here  occupying  a  synclinal  trough,  which,  if 
followed  over  the  mountains  westward,  would  probably  be  found 
to  connect  itself  with  the  synclinal  valley  of  the  OwengHn  Eiver. 
Some  distance  north  of  Feliskin  another  antichnal  axis  occurs,  on 
the  north  side  of  which  northern  dips  again  prevail ;  and  above  the 
quartz-rocks  limestone  again  appears,  succeeded  conformably  by 
gneissose  rocks,  the  latter  being  in  their  turn  covered  unconform" 
ably  by  fossiliferous  Silurian  sandstones,  which  extend  from  near 
Kylemore  to  the  south  side  of  Killery  Harbour. 

The  valley  in  which  Lough  Inagh  is  situated  so  distinctly  sepa- 
rates the  Maame  Tork  range  of  mountains  from  that  of  the  Twelve 

Bens  of  Connemara,  as  to  justify  the  inference  that  it  originated  in 
a  fault.  The  Maame  Tork  range,  on  the  east  side  of  Lough  Inagh, 

presents  very  bold  escarpments  towards  the  south-west ;  and  these 
escarpments  run  very  regularly  north-west  and  south-east,  the 
direction  which  the  assumed  fault  takes. 

The  arrangement  of  the  metamorphic  rocks  of  the  west  of  the  county 
of  Galway  has  an  intimate  relation  to  that  which  occurs  among  the 

rocks  of  the  same  nature  in  the  county  of  Donegal*.  It  also  corre- 
sponds with  that  of  the  Highlands  of  Scotland,  representing  the  upper 

'quartz-rocks,  the  upper  limestones,  and  the  upper  or  flaggy  gneiss of  the  latter  country,  as  these  have  been  described  by  Sir  Eoderick 
I.  Murchison.  With  reference  to  the  occurrence  of  serpentine  in 
connexion  with  the  limestones  of  the  metamorphic  series  of  Con- 

nemara, this  has  of  late  become  a  matter  of  some  interest,  in  conse- 
quence of  the  statement  that  these  deposits  afford  the  Eozoon  Cana- 

dense.  The  serpentinous  limestones  of  Connemara  are  of  local 
occurrence ;  they  usually  appear  in  such  districts  as  exhibit  the 
strata  highly  contorted  and  broken  up. 

The  lines  of  lamination  in  the  limestone  strata  have  been  opened, 
and  the  laminse  have  been  fractured  across,  in  consequence  of  the 
contortions  to  which  the  strata  have  been  subjected ;  and  into  these 
openings  and  fractures  the  serpentine  has  been  subsequently  intro- 

*  Quart,  Journ.  Greol.  Soc.  vol.  xvii.  p.  268. 
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duced.  Serpentine  does  not,  however,  seem  to  have  been  the  first 
substance  which  occupied  these  cavities.  The  serpentine,  on  exposure 
to  atmospheric  influence,  frequently  becomes  much  weathered,  and 
sometimes  entirely  disappears,  leaving  a  crystalline  skeleton  in  the 
form  of  either  tremolite,  asbestos,  or  some  other  nearly  allied  mineral. 
Asbestos  is  often  found  lining  the  sides  of  the  limestone-cavities  in 
decomposed  specimens  of  serpentinous  limestones  on  the  east  side  of 
Derryclare  Lake.  This  mineral  is  here  so  arranged  as  to  present 
the  fine  shell-structure  alluded  to  by  Dr.  Carpenter  as  forming  the 
proper  walls  of  the  chambers  of  the  Eozoon  Canadense,  and  which 

he  speaks  of  as  being  ''  made  up  of  a  multitude  of  extremely  delicate 
acicuK  standing  side  by  side  like  the  fibres  of  asbestos." 

Specimens  of  the  serpentinous  limestones  from  Lisoughter  often  ex- 
hibit in  some  parts  only  the  tremolitic  skeleton,  the  serpentine  proper 

having  disappeared.  Specimens  also  occur  in  which  portions  of  the 
serpentine  remain  intact,  while  other  portions  gradually  shade  off 
to  the  condition  of  tremolite. 

The  complex  nature  of  serpentine  has  been  frequently  alluded  to 
by  mineralogists,  and  also  its  varying  composition.  These  circum- 

stances result  from  the  variable  amount  and  the  variable  nature  of  the 

skeleton  upon  which  the  hydrous  silicate  of  magnesia  has  been  depo- 
sited. In  the  case  of  the  serpentinous  limestone  of  Connemara,  there  is 

good  reason  for  inferring  that  the  tremolitic  and  asbestose  skeletons 
were  formed  at  the  period  when  metamorphic  action  was  changing 
the  purely  sedimentary  rocks.  One  of  the  most  abundant  minerals 
produced  by  this  metamorphic  action  was  hornblende,  a  substance 
which  enters  largely  into  the  composition  of  the  gneissose  rocks 
superposed  on  the  limestones;  and  the  tremolitic  variety  of  this 
mineral  appears  to  have  found  its  way  into  the  cavities  of  the  con- 

torted limestones. 

The  following  is  the  composition  of  tremolite  from  Fahlun : — 
Silica    60-10 
Magnesia      24-31 
Lime     12-73 
Protoxide  of  iron  variable. 

tremolite  being  a  silicate  of  magnesia  and  lime.  The  serpentine  of 

Ballynahinch  has  the  following  composition  : — 
Silica     40-12 
Magnesia       40-04 Afumina    200 

Protoxide  of  iron    3-47 
Water    13.36 

98-99 

The   occurrence   of  serpentine  in  connexion  with  metamorphic 
limestones  is  a  common  circumstance.     It  is  found  in  association 

with  the  limestones  of  Glen  Tilt ;  and  here,  as  at  Connemara,  tremo- 
lite is  also  an  accompanying  mineral. 

The  supposed  organic  portions  of  the  serpentinous  limestones  of 
Connemara  do  not  result. from  animal  structure,  but  purely  from 
mineral  association.  Had  fossils  of  any  kind  presented  themselves 
in  the  limestones  of  this  district,  they  ought  to  have  occurred  in 
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that  portion  of  the  limestone  which  has  been  least  affected  by  meta- 
morphic  action.  This  is  the  character  of  the  limestone  which 
occurs  in  that  portion  of  the  calcareous  band  which  lies  east  of 
Lisoughter,  and  which  extends  to  near  Oughterard.  In  this  portion 
of  the  band  the  laminse  have  not  been  opened  and  broken  by  con- 

tortions ;  and  from  it  the  serpentine  is  absent,  and  with  this  absence 
of  serpentine  and  its  associated  skeletons  of  tremolite  and  asbestos 
everything  like  the  so-called  organic  structure  disappears. 

The  fossihferous  Silurian  rocks  of  Connemara  and  of  Joyce's  county 
have  been  referred  to  by  Mr.  J.  Kelly  in  a  memoir  "  On  the  Grej^- 
wacke  Rocks  of  Ireland"*.  They  usually  occur  on  the  northern  side 
of  the  metamorphic  range ;  but  there  is  one  locality  where  this  is 
not  the  case — namely,  on  the  western  shore  of  Lough  Corrib,  at  a 
place  called  Shanballymore,  about  three  miles  north  of  Oughterard. 
Here,  to  the  north  of  a  small  patch  of  rather  fine-grained  granite, 
and  to  the  east  of  the  metamorphic  rocks,  the  fossiliferous  Silurian 
rocks  are  seen,  consisting  of  a  grey  flaggy  bed  associated  with  thick- 
bedded  strata ;  but  their  relations  to  the  rocks  which  margin  them 
arc  not  seen  here,  and  the  fossils  are  principally  procured  from  the 
stones  in  the  walls,  which  have  been  obtained  from  the  loose  frag- 

ments scattered  about  the  fields.  Another  fossiliferous  Silurian 

locality  lies  at  the  northern  end  of  Lough  Corrib,  a  short  distance 
west  of  Cong.  At  the  western  extremity  of  this  area  the  strata 
come  in  contact  with  the  metamorphic  rocks  of  Benlevy  (1375  feet), 
and  the  relations  of  the  fossiliferous  beds  to  the  rocks  which  margin 
them  are  well  seen.  Here,  at  a  short  distance  to  the  west  of  Lough 
Coolin,  which  hes  under  the  eastern  side  of  Benlevy,  Silurian  grits 
occur  nearly  horizontal  in  position,  but  with  a  slight  inclination 
toward  the  N.N.E.  Immediately  west  of  these  grits  is  one  of  the 
bold  escarpments  of  Benlevy,  composed  of  gneissose  rocks,  which 
strike  east  and  west  and  are  vertical  in  position. 

Another  locality  from  which  we  obtain  information  concerning  the 
relations  of  the  metamorphic  and  the  unaltered  Silurian  rocks  is  in 
the  valley  which  leads  from  Maame  to  Leenane,  the  latter  being  on 
the  south  shore  of  Killery  Harbour.  In  this  valley  there  is  a  stream 
which  flows  from  the  north  near  Munterown,  about  three  miles  S.E. 
of  Leenane.  Where  the  road  crosses  this  stream,  at  the  bridge,  a 
conglomerate  in  the  fossiliferous  Silurian  strata  is  seen ;  it  abounds 

in  well-rounded  fragments  of  gneiss  and  quartz-rocks,  which  have 
been  derived  from  the  metamorphic  series. 

On  the  south  side  of  Killery  Harbour,  at  the  head  of  a  valley 
called  Glencraff,  which  runs  from  east  to  west,  their  relations  are 
also  seen.  The  fossiliferous  Silurian  rocks  form  the  hills  on  the 

north  side  of  the  valley ;  they  are  well  exposed,  distinctly  bedded, 

and  have  an  average  dip  towards  the  JST.W.  at  35°.  The  south  side 
of  the  valley  consists  of  hills  of  gneissose  rocks,  with  strata  con- 

torted, but  having  the  usual  east  and  west  strike. 
At  Blackwater  Bridge,  on  the  road  from  Leenane  to  Chfden,  and 

about  three  miles  from  the  head  of  Glencraff,  Silurian  conglo- 
merates are  again  seen,  containing  rounded  metamorphic  rocks ;  and 

*  Journ.  of  the  Geol.  Soc.  of  Dublin,  vol.  viii. 
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immediately  to  the  south-west  of  them  the  metamorphio  strata 
whence  these  conglomerates  have  been  derived  preseot  themselves, 
with  the  normal  east  and  west  strike. 

The  fossils  which  were  collected  by  myself  and  by  Mr.  G.  H. 
Kinnahan,  of  the  Irish  Geological  Survey,  who  accompanied  me  during 
part  of  the  time  I  spent  among  the  fossiliferous  Silurian  strata  of  co. 
Galway,are  the  following: — Favosites  Gothlandica,  Alveolites  Lahechii, 
Halysites  catemdatus,  Petraia  hina,  P.  ziczac,  M'Coy,  Pleurodictyum 
jprohlematicum* ,  Pliacojps  suhlcevis,  M'Coy,  Encnnurus  punctatus, 
Fenestella  prisca,  Ptilodictya  lanceolata,  Atrypa  hemisjoJicerica,  Orthis 
reversa,  Pentamerus  ohlongus,  Spirifer plicatellus  var.  Indians,  Trochus 
midtitorquatus,  Holopella  ohsoleta,  Bellerophon. 

The  fossiliferous  Silurian  rocks  of  Galway,  although  on  the  whole 
dipping  from  the  metamorphic  rocks  on  the  north  side  of  which  they 
repose,  have  many  local  irregularities.  They  are  succeeded  towards 
the  eastern  end  of  Killery  Harbour  by  grey-  and  purplish- coloured 
pebbly  grits,  in  which  no  fossils  have  yet  been  found. 

These  grits  are  false-bedded ;  but  their  strike  and  dip  seem  to  con- 
form to  those  of  the  fossiliferous  Silurian  beds  on  which  they  repose. 

They  appear  to  form  a  synclinal  trough  near  the  head  of  Killery  Har- 
bour, as  on  the  south  side  they  have  a  northerly  dip,  and  on  the  north 

of  this  harbour  they  incline  towards  the  south.  These  grits  form  a 
very  bold  and  rugged  mountainous  district,  in  which  is  Mweekea 
(2692  ft.),  one  of  the  highest  mountains  in  this  portion  of  Ireland, 
at  the  northern  entrance  into  KiUery  Harbour. 

Eastwards  from  Killery  Harbour  these  rocks  appear  in  the  form 
of  rugged  precipices,  forming  the  northern  side  of  the  mountains 
which  occur  on  the  south  side  of  the  Errive  Eiver. 

The  grey  and  purple  grits  which  overlie  the  fossiliferous  Silurian 
strata  have  a  great  lithological  affinity  to  the  so-called  Old  Red 
Sandstones  which  occur  to  the  south  of  the  greenstones  and  fossili- 

ferous Silurian  (Caradoc)  deposits  of  Pomeroy,  co.  Tyrone. 
The  fossils  of  the  unaltered  rocks  of  the  west  of  Galway  are  such 

as  to  indicate  an  horizon  more  nearly  parallel  with  that  of  the  Upper 
Llandovery  rocks  than  any  other  in  the  Silurian  system.  Of 
these  fossils,  Atrypa  hemisphcerica  is  by  far  the  most  abundant,  and  is 
one  of  the  most  characteristic  of  the  Upper  Llandovery  Brachiopods, 
besides  which  we  have  a  smooth  Pentamerus.  The  Trilobite  which 

occurs  most  frequently  is  Encrinurus  punctatiis.  With  these  fossils 
other  Upper  Llandovery  forms  are  found ;  and,  although  the  corals 
indicate  a  somewhat  higher  position  among  the  Silurian  rocks,  the 
whole  fades  of  organic  remains  justifies  the  inference  that  the 
fossiliferous  Silurian  strata  of  Galway  belong  to  the  middle  portion 
of  the  Silurian  system. 

*  This,  I  have  no  doubt,  is  not  strictly  a  fossil,  but  the  cast  of  the  upper  por- 

tion of  the  cup  of  a  tabulate  coral.  On  taking  a  cast  of  the  'Pleurodictyum  above mentioned,  and  comparing  it  with  the  upper  surface  of  Favosites  Gothlandica, 
I  could  distinguish  no  difference  in  form.  The  tube-like  body  which  so  fre- 

quently accompanies  Pleurodictyum  fvohlematicum  appears  to  be  a  cast  of  the 
burrow  of  a  parasite  like  the  Siimnculus  heterocyathus,  which  bored  through 
corals  belonging  to  the  genus  Hcterocyathus  (vide  Nat.  Hist.  Keview,  n.  s.,  vol. 
ii.  p.  80). 
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The  metamorpliic  rocks  upon  wMcli  these  beds  repose  have  already- 
been  referred  to  as  the  equivalents  of  the  upper  quartz-rocks,  upper 
limestones,  and  upper  gneiss  of  the  Highlands  of  Scotland.  As  the 
position  of  these  metamorphic  rocks  in  the  sedimentary  series  is  now 
known  in  consequence  of  the  fossils  which  the  Lower  Limestone  at 
Durness  has  afforded,  and  as  the  position  of  this  limestone  is  not  lower 
than  the  Llandeilo  flags,  we  must  refer  the  metamorphic  action  which 
has  changed  the  purely  sedimentary  rocks  to  an  age  later  than  the 
Lower  Silurian  period. 

Above  the  representatives  of  the  Llandeilo  flags  there  is,  in  the 
Highlands  of  Scotland,  a  great  thickness  of  quartz-rocks,  lime- 

stones, and  gneissose  strata;  and  the  upper  portion  of  this  thick 
series,  in  the  form  of  the  gneissose  strata,  very  probably  repre- 

sents the  Caradoc  rocks.  If  this  be  the  case,  it  follows  that  the 
metamorphic  action  came  into  operation  towards  the  close  of  the 
Caradoc  age.  That  the  metamorphism  of  the  gneissose  rocks  and 
their  associated  strata  was  complete  before  the  deposition  of  the 
Upper  Llandovery  beds  is  proved  by  the  occurrence,  in  the  lower 
portion  of  the  fossiliferous  Silurian  rocks  of  Galway,  of  conglomerates 
full  of  metamorphic  fragments.  All  the  circumstances  which  bear 
evidence  as  to  the  period  when  metamorphism  took  place  among  the 
altered  rocks  of  this  part  of  Ireland  place  this  period  in  the  Lower 
Llandovery  epoch.  If  this  inference  be  correct,  it  must  be  extended 
beyond  the  western  portion  of  the  county  of  Galway  ;  for  it  will  em- 

brace not  only  the  whole  of  the  metamorphic  rocks  of  Ireland,  but 
also  all  those  of  the  Highlands  of  Scotland,  except  the  Funda- 

mental or  Laurentian  gneiss. 

2.  On  tJie  Metamorphic  Lower  Siliteian  Eocks  of  Carrick,  Ayr- 
shire. By  James  Geikie,  Esq.,  of  the  Geological  Survey  of  Great 

Britain. 

(Communicated  by  Professor  A.  C.  Eamsay,  LL.D.,  F.E.S.,  V.P.G-.S.) 
Contents. 

I.  Introduction. 
II.  Felspathic  rocks. 

A.  Amygdaloid. 
Succession  of  changes  : — 
1  a.  Unaltered  strata. 

1  b.  Slightly   altered   strata:    ori- 
ginal character  quite  apparent ; 

bedding  distinct. 
2.  Granular  strata  with  spora- 

dic vesicular  and  amygdaloidal 
areas:  bedding  distinct. 

3.  Amorphous  green  paste -rock 
with  pseudo  -  bombs :  bedding lost. 

4.  Felspathic  amygdaloid. 

B.  Felspar-porphyry. 
Eecapitulation  and  statement  of 

inferences. 
C.  Brecciiform  rocks. 
D.  Finely  crystalline  felstones. 

III.  Dioritic  rocks. 

IV.  Serpentine. 
1.  Schistose  serpentine. 
2.  Compact  serpentine. 
3.  Association  of  diorite  and  ser- 

pentine. V.  Limestone. 

Association    of    serpentine    with 
calcareous  strata. 

VI.  Conclusion. 

I.  Introdtjctioijt. 

The  metamorphic  region  which  forms  the  subject  of  this  commu- 
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nication  was  traversed  by  Sir  Eoderick  Mnrchison,  accompanied  by 
Professor  J.  Nicol,  in  1850 ;  and  the  former  geologist  subsequently 
published  the  results  of  that  journey,  in  a  memoir  upon  the  geology 
of  the  South-western  Highlands  of  Scotland* ;  but  as  the  end  Sir 
Eoderick  had  in  view  was  mainly  to  ascertain  the  structure  of  the 
strata  and  determine  their  position,  his  allusions  to  the  metamorphic 
rocks  are  necessarily  brief.  In  the  spring  of  1865  the  Geological 
Survey  was  extended  into  the  southern  regions  of  Ayrshire,  and  thus 
afforded  my  colleagues  (Dr.  Young  and  Mr.  A.  Geikie)  and  myself 
ample  facilities  for  a  more  minute  examination  of  the  beds  in  Cjues- 

tion.  "We  recognized  the  metamorphic  character  of  certain  diorites, serpentines,  and  crystalline  felspathic  rocks,  independently  of  each 
other ;  and  in  the  area  that  fell  to  me  to  survey  I  was  enabled  to 
trace  passages  between  the  various  altered  rocks,  which  seem  to 
throw  light  upon  the  obscure  process  of  metamorphic  action.  The 
interest  which  is  attached  to  the  altered  strata  of  this  district  chiefly 
consists  in  the  fact  that  they  exhibit  certain  arrested  stages  of 
metamor]3hic  action,  so  that  we  can  in  many  instances  begin  with 
unaltered  beds  and  trace  the  gradual  changes  which  they  undergo 
during  their  passage  into  crystalline  and  pseudo -igneous  rocks.  The 
large  masses  of  amygdaloid  indicated  upon  the  sketch  map  which 

accompanies  Sir  Eoderick's  memoir,  notwithstanding  their  exceed- 
ingly igneous  aspect,  are  nevertheless,  as  will  be  shown,  not  of 

igneous  but  of  metamorphic  origin.  Of  the  same  nature  are  the 
porphyries,  diorites,  and  serpentines.  The  resemblance  to  trap 
which  many  of  those  rocks  exhibit  is  so  striking  that  it  will  per- 

haps be  difficult  to  convince  a  geologist  who  has  not  minutely 
examined  the  ground  for  himself  of  their  true  character. 

"With  Sir  Eoderick  Murchison's  permission,  some  of  the  more 
interesting  results  obtained  during  the  progress  of  the  Survey  are 
here  described. 

The  metamorphic  Lower  Silurian  rocks  surveyed  by  us  may 
be  roughly  estimated  to  cover  an  area  of  forty-five  square  miles 
or  thereabouts.  They  extend  in  the  direction  of  the  strike  (i.  e. 
N.E.  and  S.W.)  for  ten  miles  or  so,  with  an  average  breadth 
of  three  miles  and  a  half;  but  several  isolated  portions  occur 
beyond  the  main  mass  of  metamorphic  strata.  Beginning  a 
little  to  the  south  of  Girvan,  the  altered  rocks  continue,  with 
little  interruption,  along  the  coast-line  as  far  as  Currarie  Port 
— a  distance  of  about  twelve  miles.  As  the  coast-line  cuts  the 
strata  at  an  acute  angle  to  their  strike,  nearly  all  the  varieties  of 
metamorphism  characteristic  of  the  district  are  met  with  in  this 
section.  The  northern  limits  of  the  metamorphic  area  are  exceed- 

ingly irregular.  The  lines  traced  by  us  in  that  direction  show  altered 
beds  extended  among  unaltered  deposits  ;  and  the  boundary  is  still 
further  confused  by  faultings,  and  by  overlaps  of  Old  Eed  Sand- 

stone. Towards  the  south,  however,  the  metamorphic  strata  are 
separated  from  the  unaltered  greywackes  by  a  long  wavy  fault  which 
runs  inland  from  the  sea- coast  at  Glendrishaig,  and,  keeping  to  the 

*  Quart.  Journ.  Geol.  Soc,  vol.  vii.  p.  137  his. 
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line  of  strike  (S.W.  to  N.E.),  terminates  at  Pinmore  Bridge  on  the 
river  Stinchar,  where  it  is  cut  off  by  another  fault  coming  from 
the  west. 

The  metamorphic  rocks  usually  dip  at  a  high  angle,  while  the 
strike  corresponds  in  a  remarkable  degree  with  that  of  the  unaltered 
strata  of  the  surrounding  country.  On  the  Survey-maps  we  have 
distinguished  three  great  groups  of  rocks,  viz.  Felstones,  Diorites, 
Serjyentines. 

Felspathic  rocks  are  by  far  the  most  abundant,  and  are  very 
varied  in  structure  and  aspect.  The  diorites  and  serpentines,  on 
the  other  hand,  have  a  more  definite  character,  and  are  usually 
interbedded  or  very  closely  associated.  It  is  worth  noting,  that,  if 
we  traverse  the  strata  from  south  to  north,  we  shall  find  that  inter- 

bedded diorites  and  serpentines  alternate  with  great  belts  of  felspa- 
thic rock.  Thus,  starting  from  the  fault  which  forms  the  southern 

boundary  of  the  metamorphic  rocks,  we  first  cross  amygdaloidal, 
finely  crystaUine,  and  brecciiform  felspathic  rocks.  Thereafter,  as  at 
Balhamie  Hill,  we  come  upon  serpentine  with  associated  diorites. 
Leaving  Balhamie  Hill,  we  again  pass  over  a  belt  of  felspathic  rocks, 
until,  at  Carleton  Hill  and  Lendalfoot,  we  find  ourselves  once  more 
among  diorites  and  serpentines,  and  so  on  with  the  beds  to  the  north. 

The  bounding  fault  on  the  south  unfortunately  throws  some  doubt 
on  the  relation  which  the  metamorphic  rocks  bear  to  the  unaltered 
strata.  But,  notwithstanding  the  south-east  dip  of  the  latter,  the 
downthrow  is  to  the  north ;  and  therefore  the  metamorphic  strata 
must  occupy  a  somewhat  higher  horizon  than  the  unaltered  wackes 
against  which  they  abut.  Little  isolated  portions  of  metamorphosed 
rock  are  met  with  here  and  there  among  the  unaltered  grey  wackes 
alluded  to,  often  far  removed  from  the  chief  area  of  metamorphic 
strata ;  but  an  account  of  their  probable  origin  and  connexion  with 
strata  denuded  away  is  reserved  for  a  forthcoming  memoir  of  the 
Geological  Survey.  Several  areas  of  unaltered  strata,  enclosed  and 
surrounded  on  all  sides  by  metamorphic  rocks,  will  be  described 
below  as  representing  the  nature  of  the  beds  which  haye  become 
metamorphosed.  The  unaltered  strata  of  this  region  exhibit  the 
usual  character  of  the  Lower  Sihman  greywackes  and  shales  of  the 
southern  uplands  of  Scotland.  They  are  all  strongly  felspathic, 
but  are  usually  more  highly  impregnated  with  alkahne  matter  than 
the  Siluiian  rocks  of  Berwickshire,  Peeblesshire,  Selkirkshire,  and 
other  districts  which  have  been  examined  by  the  Survey.  Many 

of  the  beds  eff'ervesce  freely  with  acids,  showing  the  presence 
of  lime,  while  the  abundance  of  magnesian  matter  has  often  tinged 
the  rocks  with  green.  Immediately  south  of  the  metamorphic  region, 
the  unaltered  Silurian  strata  are  not  markedly  magnesian,  but  they 
still  contain  in  places  a  not  inconsiderable  admixture  of  calcareous 
matter. 

At  present  attention  is  directed  to  a  generalized  description  of 
the  metamorphic  strata,  for  the  purpose  of  tracing  the  various 
stages  in  the  process  of  alteration,  and  of  thereby  attaining  to  some 
knowledge  of  the  causes  which  have  induced  metamorphism. 
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The  strata  to  be  described  consist  of  felspathic  rocks,  diorites, 
serpentines,  and  altered  limestone  and  calcareous  grejwacke. 

II.  Felspathic  Eocks. 

The  felspathic  rocks  cover  a  large  area  in  the  metamorphic  region 
under  review.  They  are  exceedingly  well  exposed  along  the  sea- 
coast,  where  they  rise  into  rugged  broken  cliffs,  fissured  with  num- 

berless inlets  and  retiring  coves.  Very  good  sections  are  also 
obtained  in  the  streams  that  drain  into  the  Stinchar,  while  the  hill- 

sides themselves  are  roughened  with  fine  exposures  of  the  same 
rocks.  These  felspathic  masses  consist  chiefly  of  four  varieties — 
amygdaloid,  felspar-porphyry,  brecciiform  rocks,  and  finely  crystal- 

line and  compact  felstone, — all  of  which  are  closely  related,  both 
as  regards  the  manner  of  their  occurrence  and  the  mode  of  their 
formation. 

A.  Amygdaloid. 

The  felspathic  amygdaloids  are  largely  developed  throughout  the 
district,  but  may  be  best  studied  along  shore,  between  Xnockgowan 
Hill  and  the  mouth  of  the  river  Stinchar,  and  at  many  points  on  the 
coast-line  north  of  Bennane  Head.  They  are  also  very  well  seen  at 
numerous  places  along  the  line  of  fault  that  separates  the  meta- 

morphic rocks  on  the  north  from  the  unaltered  greywackes  to  the 
south.  They  have,  in  general,  an  exceedingly  igneous  aspect, 
especially  on  the  coast,  where  they  form  rugged  stacks,  and  weather 
into  rough  lumpy-shaped  masses  on  the  chffs.  Seen  from  above, 
the  igneous  character  of  these  rocks  could  scarcely  be  doubted. 

"Where  they  are  most  typically  developed,  they  often  look  as  if  made 
up  of  large  bombs — an  appearance  which  not  infrequently  gives  place 
to  a  columnar  structure.  A  closer  inspection  shows  us  their 
abundant  amygdaloidal  cavities ;  and  these,  taken  in  connexion  with 
the  roughened  and  sometimes  almost  trachytic  surface  of  the  stone, 
seem  at  first  sight  to  indicate  a  former  state  of  igneous  fusion. 

Colour,  Composition,  Texture,  Fracture. — The  prevailing  colour  of 
the  amygdaloids  south  of  the  Stinchar  is  a  pale  greyish  blue,  passing 
into  dark  green  and  grey ;  north  of  Bennane  Head  they  generally 
assume  a  light  purplish  brown,  mth  occasional  areas  of  greyish  blue. 
The  matrix  consists  of  a  paste  of  felspathic  matter,  with  here  and 
there  a  variable  admixture  of  magnesia  and  lime.  In  texture  these 
amygdaloids  sometimes  resemble  the  felspathic  traps  of  the  Ochils, 
the  Pentlands,  and  other  Old  Red  regions.  This,  especially,  is  the 
case  with  those  light-purplish-brown  varieties  which  lie  exposed 
along  the  shore  to  the  north  of  Bennane  Head.  The  harder  portions 
of  the  rock  show  a  very  finely  crystalline  texture ;  but  in  the  more 
alkaline  and  earthy  areas  crystals  can  seldom  be  detected,  the 
matrix  appearing  like  a  fine  felspathic  mud,  shot  here  and  there 
with  a  few  minute  points  of  felspar.  In  the  district  south  of  the 
Stinchar,  the  felspathic  amygdaloids  seldom  exhibit  this  earthy 
texture ;  on  the  contrary,  the  matrix  is  harder,  less  alkaline,  and 
more  generally  crystalline,  but  always  very  finely  so.     The  fracture 
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varies,  of  course,  'with  the  texture  of  the  rock  ;  it  is  usually  rough 
and  irregular,  like  that  of  many  traps,  but  sometimes  conchoidal. 

Amygddloidal  Cavities.  —  The  amygdaloidal  cavities  are  very 
abundant,  but  are  often  partially  aggregated  in  areas,  leaving  the 
surrounding  portions  of  the  matrix  less  profusely  pitted.  They 
invariably  assume  a  globular  shape,  except  where  two  or  more  have 
become  confluent,  when  the  cavity  resulting  from  their  union  is 
usually  of  irregular  form.  They  are  of  all  sizes,  from  mere  points 
up  to  globules  as  large  as  a  sweet  pea  ;  but  larger  cavities  are  not  un- 

common. Perhaps  the  most  abundant  sizes  are  those  which  may  be 
compared  to  turnip  and  mustard  seeds.  Carbonate  of  lime  is  the 
mineral  most  usually  met  with  in  these  cavities ;  but  zeolites  and 
decomposing  magnesian  minerals  are  abundant  in  places ;  hard 
white  felspar  is  also  occasionally  met  with. 

The  most  continuous  exposure  of  the  rocks  in  question  occurs 
along  the  coast,  between  Knockgowan  Hill  and  the  river  Stinchar. 
Throughout  this  section  the  bedding  is  often  very  distinct,  the 
strike  corresponding  with  that  of  the  unaltered  greywackes  of  the 
adjoining  districts,  viz.  N.E.  and  S.W.  But  frequently  all  trace  of 
bedding  is  lost,  even  when  the  rock-masses  are  viewed  from  a  little 
distance.  Here  and  there  occur  bands  of  a  hard  and  highly  altered 
red  greywacke  mudstone  passing  into  Lydian  stone ;  and  occasionally 
we  come  upon  portions  of  fine  pebbly  and  brecciated  greywacke, 
resembling  at  a  first  glance  the  comminuted  paste  of  a  volcanic  ash. 
Courses  of  greywacke,  distinctly  granular,  alternating  with  thinner 
bands  and  shales,  also  make  their  appearance  in  some  parts  of  the 
section.  AH  these  regularly  bedded  and  undoubtedly  aqueous  rocks 
are  interstratified  with,  and,  when  their  strilie  is  prolonged,  seem  to 
pass  into,  felspathic  amygdaloid  and  finely  crystalline  felstone. 

It  has  been  stated  that  a  first  view  of  the  amygdaloid  would  lead 
one  to  infer  an  igneous  origin  for  that  rock  :  to  one,  however,  who 
had  previously  explored  the  greywackes  of  the  surrounding  country, 
and  familiarized  himself  with  their  texture  and  mode  of  weathering, 
this  apparently  igneous  aspect  is  not  always  so  striking.  In  many 
places  the  greywackes  of  the  non-metamorphic  regions  are  exceed- 

ingly hard,  and  sometimes  approach  to  crystalline  in  texture.  More- 
over the  weathered  crust  of  the  amygdaloid,  like  that  of  the  grey- 

wackes, is  seldom  more  than  a  line  or  so  in  thickness  ;  and  the  rock 

when  broken  shows  a  very  general  absence  of  that  dull  earthy  tex- 
ture which  among  Scottish  traps  usually  attends  an  amygdaloidal 

structure. 

From  the  distinctly  bedded  nature  of  the  amygdaloids,  and  their 
alternation  with  other  rocks  to  be  described  in  the  sequel,  these 
masses,  if  of  igneous  origin,  are  manifestly  not  intrusive.  On  the 

other  hand,  if  we  beheve  them  to  have  been  poured  out  at  the  earth's 
surface,  we  shall  look  in  vain  for  those  flattened  amygdaloidal  or 
vesicular  cavities  so  characteristic  of  true  amygdaloidal  trap.  The 
shape  of  the  vesicles,  as  already  mentioned,  is  invariably  spherical. 
If  this  appearance  were  confined  to  certain  limited  areas,  or  only 
showed  itself  irregularly  here  and  there,  we  could  not  consider  it 
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anomaloas;  but  when  we  meet  with  the  same  spherical  cavities 
throughout  the  entire  mass  of  the  amygdaloidal  beds  over  an  area 
many  square  miles  in  extent,  it  seems  difficult  to  believe  that  the 
beds  in  question  could  ever  have  been  in  motion  like  any  ordinary 
streams  of  molten  rock.  These  and  other  considerations  threw 

doubt  upon  the  apparently  igneous  character  of  the  rocks  under 
review;  and  a  careful  examination  of  the  district  north  of  the 
village  of  Ballantrae  eventually  revealed  their  truly  metamorphic 
origin.  The  coast-section  north  of  Bennane  Head  first  yielded  what 
are  considered  to  be  the  proofs  of  this  metamorphic  action.  The 
same  appearances  frequently  recurred  in  other  places ;  but  a  con- 

densed description  of  the  part  of  the  coast-section  alluded  to  will 
perhaps  suffice  for  the  present. 

Between  Balcreuchan  Port  and  Port  Yad  a  most  interesting  series 
of  rocks  is  laid  bare.  Distinctly  bedded  greywackes  and  shales 
occur  sporadically,  but  are  quickly  surrounded  on  all  sides  by  con- 

fused felspathic  masses,  for  many  of  which  we  should  require  special 
names.  Pelspar-porphyries,  felstones,  amygdaloids,  a  remarkable 
green  rock  stuck  full  of  stones,  and  brecciiform  masses  which  look 
as  if  they  had  been  violently  pounded  up  in  place  are  some  of  the 
varieties  we  meet  with. 

Succession  of  Changes'. — 1  a.  Unaltered  Strata. — The  most  un- 
altered beds  hereabouts  are  red,  brown,  and  greyish  sandy  greywackes. 

In  places  they  are  particoloured,  showing  yellow  and  green  blotches, 
owing  to  the  decomposition  of  alkahne  matter,  with  which  all  the  beds 
appear  to  be  more  or  less  charged. 

1  b.  Slightly  altered  Strata. — The  next  beds  to  be  noted  are 
more  hardened,  and  often  have  a  baked  appearance  ;  they  also  con- 

sist of  greywackes — green,  brown,  red,  and  purplish  blue.  The  dirty- 
green  beds  are  always  highly  magnesian  and  calcareous ;  the  grey 
and  brown  beds  less  so ;  the  red  beds  still  less  so,  often  apparently 
with  no  recognizable^  amount  of  alkaline  matter.  The  same  may  be 
said  generally  of  the  purplish-blue  varieties,  which,  however,  are 
not  of  common  occurrence  along  this  part  of  the  coast.  All  these 
beds  are  much  jointed,  often  to  such  an  extent  that  they  crumble 
down  into  little  angular  fragments.  This  is  markedly  the  case 
with  the  compact  red  shales.  The  stratification  is  frequently  contorted 
and  crumpled. 

2.  Granular  Strata  with  Vesicular  Areas. — A  little  south  of  Bal- 

creuchan Burn  the  greywackes  upon  the  shore  exhibit  some  very  re- 
markable appearances.  These  beds,  although  altered  to  some  extent, 

still  show  well-marked  bedding,  and  are  in  places  quite  granular. 
Little  specks  of  a  reddish-brown  shale,  similar  to  the  small  hardened 
clay-galls  in  the  greywackes  of  Peeblesshire,  were  occasionally  de- 

tected. The  beds  are  felspathic,  and  have  a  greenish  tinge  from  the 
abundance  of  magnesian  matter  which  they  contain.  Carbonate  of 
lime  also  enters  somewhat  largely  into  their  composition.  Completely 
isolated  and  surrounded  on  all  sides  by  this  comparatively  unaltered 
greywacke  occur  several  vesicular  areas.  The  matrix  of  these  areas 
has  the  same  general  character  as  the  rest  of  the  beds,  differing  in 
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this  only,  that  it  never  is  pebbly  or  granular.  They  vary  in  diameter 
from  a  few  inches  to  a  foot  and  upwards  across.  In  the  smaller 
areas  the  form  assumed  is  irregular  ;  but  as  they  increase  in  size  they 

become  bomb-shaped  or  rudely  spherical.  The  amygdaloidal  vesicles 
are  always  round,  save  where  two  or  more  have  coalesced  to  form 
a  confluent  ragged  cavity.  They  vary  in  size  from  that  of  the  finest 
seed  up  to  vesicles  with  kernels  like  small  sweet,  peas.  Larger 

cavities  than  this  are  rare.  The  ''  sweet-pea  "  cavities  are  for  the 
most  part  aggregated  towards  the  centre  of  a  vesicular  area,  the 
vesicles  decreasing  in  size  as  they  approach  its  circumference.  In 

this  way  each  little  amj^gdaloidal  area  shades  off  imperceptibly  into 
the  unaltered  greywacke  in  which  it  appears  to  be  imbedded.  Outside 
of  such  an  area  the  greywacke  has  usually  a  pasty  aspect,  not  unlike 
the  dull  matrix  of  some  highly  basic  trap,  but  not  infrequently  a 
granular  texture  ;  and  even  small  specks  of  dark  shale  may  be 
obtained  only  a  few  inches  from  the  amygdaloidal  portions  of  the 
rock.  The  vesicular  areas  most  commonly  occur  not  far  from  each 
other,  but  often  they  lie  widely  apart.  We  may  obtain  them  in 
contact,  or  from  an  inch  to  several  yards  asunder,  the  intervening 
parts  of  the  bed  being  always  destitute  of  amygdaloidal  structure, 
and  frequently  showing  a  granular  and  sometimes  even  pebbly  tex- 
ture. 

The  rocks  which  have  just  been  described  exhibit  well-marked 
bedding,  and  alternate  in  places  with  coarse  shales.  The  softer 
beds  weather  away,  leaving  the  harder  bands  isolated;  the  joints 
are  like  those  of  typical  greywacke,  square,  sharp,  and  well  defined. 
In  short,  the  general  appearance  of  the  beds  is  quite  that  of  the 

Lower  Silurian  rocks  in  the  unaltered  regions  of  the  surrounding- 
country. 

3.  AytiorpTious  Green  Paste-rock. — In  the  peculiar  masses  that 
have  next  to  be  considered  all  trace  of  bedding  has  disappeared ;  the 
jointing  is  obscure  and  ramifying,  and  the  general  aspect  of  the 
rocks  as  unlike  any  regularly  stratified  deposit  as  it  could  well  be. 
The  masses  referred  to  consist  of  a  greenish  pasty  matrix,  thickly  set 
with  felspathic  bombs.  At  first  sight  the  rock  closely  resembles  a 
volcanic  ash,  and,  as  seen  from  the  cliffs  above,  one  would  scarcely 
hesitate  to  call  it  so.  The  tough  felspathic  matrix  weathers  away 

with  a  rough,  almost  trachytic  surface,  leaving  the  bomb-like  stones 
standing  out  in  relief.  It  most  usually  assumes  a  dirty  greenish  hue, 
sometimes  a  dark  brown.  The  texture  is  dull,  like  that  of  those  por- 

tions of  greywacke  already  described  as  encircling  a  vesicular  area. 

"We  may  define  the  matrix  shortly  as  a  greenish  alkaline  felspathic 
paste  in  which  no  distinct  crystals  are  apparent.  The  pseudo- 
bombs  are  of  all  sizes,  from  fragments  only  an  inch  or  two  across  to 
blocks  several  feet  in  diameter.  When  broken,  their  weathered 
crust  is  found  to  be  only  a  line  or  so  in  thickness.  They  consist  of 
purplish-blue  and  brownish-red  felstone,  fine-grained,  and  look  as 
if  they  might  all  have  been  derived  from  one  bed  of  felstone.  The 
usual  globular  amygdaloidal  cavities  are  also  characteristic  of  nearly 
all  the  pseudo-bombs.    These  pseudo-bombs  are  therefore  considered 

VOL.  XXII. — PART  I.  2  N 
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to  be  identical  in  origin  with  the  vesicular  areas  of  the  less  altered 
greywacke  beds.  They  occur  in  greater  abundance  than  these  last, 
thus  eyincing  a  more  advanced  stage  of  metamorphism — an  inference 
which  is  further  strengthened  by  the  pasty  aspect  of  the  green 
felspathic  matrix.  The  larger  pseudo-bombs  generally  approach  to 
a  rounded  form,  and  increase  in  numbers  until  they  often  impinge, 
and  by  their  union  form  spheroidal  masses  of  felspathic  amygdaloid. 
When  the  pseudo-bombs  press  closely,  the  structure  of  the  rock  be- 

comes columnar.  The  passage  into  felspathic  amygdaloid  can  thus 
be  distinctly  traced. 

4.  FelspatJiie  Amygdaloid. — A  general  description  of  the  amyg- 
daloid has  been  given  above ;  but  a  few  additional  notes  may  be 

added  here.  It  shows  most  usually  a  spheroidal  structure ;  when 
it  becomes  columnar,  the  columns  are  found  to  obey  no  order  in  the 
mode  of  their  occurrence.  They  seldom  continue  long  in  one  direc- 

tion, but  occur  at  all  angles  to  any  given  plane.  Between  this  rock 
and  the  green  paste-rock  (or  nascent  amygdaloid)  there  is,  as  just 
pointed  out,  a  close  relationship.  We  therefore  find  the  two  rocks 
intermingled  and  blended  in  a  very  confused  manner.  Taking  a 
general  view  of  this  part  of  the  coast,  however,  there  appears  to  be 
a  rude  alternation  of  pseudo-ashy  beds  with  felspathic  amygdaloid.. 
Examined  in  detail,  no  such  arrangement  is  visible.  Here  may  be 

seen  an  irregular  area  of  pseudo -bombs  projecting  from  their  green 
paste,  surrounded  on  all  sides  by  felspathic  amygdaloid;  there, 
again,  may  appear  amorphous  masses  of  amygdaloid  completely 

enclosed  in  "  green  paste-rock."  The  amygdaloid  becomes  in  places 
porphyritic  with  felspar,  and  passes  into  felspar-porphyry.  Dming 
this  passage  the  matrix  gradually  loses  its  basic  appearance,  and 
the  amygdaloidal  cavities  decrease  both  in  numbers  and  size.  The 
rock  thus  insensibly  shades  into  felspar-porphyry. 

B.  Felspai'-iwrphyry. 

This  is  an  intensely  igneous-like  rock.  The  felspathic  matrix, 
which  is  sometimes  sparingly  magnesian,  is  of  chocolate -brown 
and  red  colour,  with  a  dull  hard  compact  texture.  It  is  pro- 

fusely porphyritic,  with  tabular  crystals  of  greyish  felspar.  Some- 
times little  spherical  cavities  may  be  detected  in  the  body  of 

the  rock ;  but  this  is  rare.  At  its  junction  with  comparatively 
unaltered  greywacke,  however,  the  felstone  is  in  some  places  punc- 

tured with  numerous  vesicles,  which  vary  in  size  from  mere  pin- 
points up  to  the  usual  small  "  sweet-pea  "  cavities.  In  its  central 

portions  the  rock  is  amorphous,  but  at  its  junction  with  greywacke 
it  sometimes  shows  a  spheroidal  structure.  The  phenomena  exhi- 

bited both  by  the  felspar-porphyry  and  the  grej'wacke  on  these 
occasions  deserve  attention.  At  the  foot  of  Balcreuchan  Burn  we 

come  upon  an  area  of  well-bedded  greywacke's,  completely  sur- 
rounded on  all  sides  by  crystalline  rocks.  The  greywaekes  are 

often  much  crumpled  and  infinitely  jointed,  and  some  portions  have 
undergone  a  peculiar  brecciating  process  which  will  be  described  in 
the  sequel.     On  their  upturned  ends  rests  an  irregular  cap  of  fel-^ 
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spar-porphyry,  which  here  assumes  the  character  of  an  overlying 
trap,  with  a  most  uneven  bottom.  At  its  southern  boundary  it 
presents  some  remarkable  appearances,  losing  its  usual  amorphous 
nature  and  becoming  largely  spheroidal.  The  spheroids  have  a 
reddish  hard-glazed  exterior,  and  show  innumerable  spherical  cavi- 

ties like  mere  pin -punctures,  but  occasionally  larger.  The  spheroidal 
masses  measure  from  two  or  three  to  five  or  six  feet  in  diameter.  At 

their  junction  with  the  greywacke,  the  portions  visible  are  encased 
in  shells  about  half  an  inch  in  thickness  of  hard  fine-grained 
reddish  greywacke,  much  jointed,  and  sometimes  crystalline  like 
felstone.  To  what  extent  the  porphyry  spheroids  are  enclosed  in 
these  peculiar  greywacke  shells  or  cases  was  not  ascertained.  When 

two  spheroids  impinge,  the  "  case  "  in  which  each  is  enveloped 
appears  as  if  it  had  been  sucked  in  between  the  rounded  masses 

of  felspar-porphyry.  The  shells  may  be  separated  from  the  rock ; 
and  their  inner  surfaces  are  then  found  to  be  coated  with  porphy- 
ritic  felspar  crystals ;  but  these  crystals  nowhere  penetrate  beyond 
the  surface,  to  which  they  appear  to  be  merely  adherent. 

In  other  places,  where  enveloping  shells  or  cases  are  wanting,  a 
distinct  passage  can  be  traced  from  the  porphyry  into  the  greywacke. 
The  porphyritic  crystals  become  gradually  smaller,  until  at  last  they 
disappear,  and  thus  leave  a  red  compact  or  finely  crystalline  fel- 

stone.    This  rock,  again,  shades  ofi"  into  hard  reddish  greywacke. 
The  passage  from  amygdaloid  into  felspar-porphyry  has  been, 

given  above ;  the  latter,  indeed,  is  most  commonly  associated  with 
the  former. 

jRecapitulation. — Before  attempting  to  describe  the  other  forms  of 
metamorphism  displayed  in  this  district,  I  may  recapitulate  some  of 
the  facts  advanced,  and  state  the  inferences  which  seem  to  be  fairly 
deducible  from  them. 

An  examination  of  the  less  altered  rocks  of  the  metamorphic 
region  will  show  that  the  strata  are  of  variable  composition,  some 
portions  being  more  highly  alkaline  than  others.  The  large  amount 
of  calcareous,  and  especially  of  magnesian  matter  is  indeed  very 
striking.  This  alkaline  character  of  the  strata  may  be  considered 
one  of  the  causes  of  that  intense  metamorphism  to  which  many  of 
the  beds  have  been  subjected;  for  those  which  contain  the  largest 
admixture  of  alkaline  matter  appear  to  have  been  peculiarly  sus- 

ceptible of  change.  The  green  magnesian  and  calcareous  greywackes 
are  often  studded  with  vesicular  and  amygdaloidal  areas  ;  on  the 
other  hand  the  less  alkaline  deposits  are  frequently  merely  har- 

dened, without  assuming  any  pseudo-igneous  structure.  A  broad 
general  view  of  the  whole  series  of  strata  thus  gives  alternating  masses 
of  more  or  less  distinctly  crystalline  and  altered  rocks ;  but  when 
viewed  in  detail  the  various  metamorphic  rocks  are  generally  found 
to  be  confusedly  mingled  together,  interlacing  and  blending  in  the 
most  irregular  manner. 

The  little  patches  of  unaltered  greywacke  which  occur  here  and 
there  in  midst  of  metamorphic  strata  are  interesting,  as  they  seem 
to  throw  some  light  upon  the  process  by  which  the  felstones,  amyg- 

2n2 
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daloids,  and  porphyries  have  been  produced.  Eegarding*  the  origin 
of  the  isolated  amygdaloidal  areas  two  opinions  may  be  held.  We 
may  suppose  the  cavities  to  have  been  formed  by  gases  during  a 
pasty  condition  of  the  rocks,  and  the  amygdaloidal  minerals  to  have 
been  subsequently  introduced.  In  this  case  the  origin  of  the  vesicles 
would  be  entirely  analogous  to  that  of  the  cavities  in  lava.  But 

evidence  is  not  wanting  w^hich  seems  to  lead  to  the  inference  that 
the  vesicular  nature  of  the  altered  wackes  may  be  due  to  segregation, 
the  excess  of  alkaline  matter  having  separated  from  the  felspathic 
matrix  to  store  itself  up  in  little  globules.  [The  same  kind  of 
phenomena  may  be  seen  in  many  trap-rocks.  Globules  of  quartz, 
which  are  clearly  not  due  to  infiltration,  abound  in  some  felstones, 
and  they  have  also  been  detected  in  other  igneous  rocks.]  Towards 
the  centre  of  an  amygdaloidal  area  the  vesicles  are  largest,  and  from 

the  centre  outwards  they  gradually  decrease  in  size,  until  they  be- 
come so  small  as  to  require  a  lens  to  distinguish  them.  In  this 

manner  amygdaloidal  areas  shade  off  into  the  unaltered  granular 
portions  of  a  wacke.  It  would  seem,  therefore,  that,  as  long  as  the 
metamorphic  action  proceeded,  the  vesicles  increased  in  size  until 

they  had  reached  their  maximum  *.  Towards  the  circumference  of 
an  area,  as  the  action  extended,  the  vesicles,  it  may  be  supposed, 
continued  to  expand  by  receiving  fresh  supplies  of  gaseous  matter. 
The  metamorphism,  however,  having  suddenly  ceased,  left  its  work 
incomplete ;  and  thus  we  find  the  smallest  cavities  at  the  edge,  and 
the  larger  ones  in  the  centre,  of  an  amygdaloidal  area.  That  vesicles, 
however,  may  have  been  formed  by  the  segregation  of  amyg- 

daloidal minerals  f  is  rendered  probable  by  the  fact  that  the  matrix 
in  which  they  occur  is  commonly  harder  and  more  compact  (in 
other  words  less  alkaline^  and  of  a  darker  colour  than  the  sur- 

rounding wacke.  It  has  also  been  pointed  out  that  the  hard 
non-alkaline  beds  with  which  the  softer  magnesio- calcareous 
wackes  are  interstratified  have  remained  comparatively  unaltered. 
So  far  as  was  seen  they  are  never  amygdaloidal.  The  num- 

ber of  globular  cavities  is  always  greatest  where  the  rock 
undergoing  alteration  is  most  highly  alkaUne.  Of  course,  it  must 
be  admitted  that  these  appearances  are  also  explicable  on  the 
assumption  of  the  gaseous  formation  of  the  cavities ;  for  the  same 
action  which  could  only  impart  a  crystalline  or  semicrystalline 
texture  to  less  basic  strata  might  reduce  highly  alkaline  wackes  to 
a  pasty  condition  in  which  gas-cavities  would  readily  form.  But, 
although  the  cellular  character  of  these  metamorj^hic  rocks  is  doubt- 

less mainly  due  to  the  expansive  power  of  imprisoned  gas,  yet  the 
occasional  origin  of  the  cavities  by  segregation  must  not  be  overlooked. 
Future  chemical  analyses  will  enable  us  to  clear  up  this  point. 

^  When  the  cavities  are  very  closely  aggregated,  they  are  usually  smaller 
than  vrhen  they  occur  in  less  numbers. 

t  I  refer  here  to  cavities  of  magnesian  and  calcareous  matter ;  it  has  been 
already  stated  that,  associated  with  these  minerals,  zeolites  and  hard  white  felspar 
also  occur  in  some  places.  Whether  (on  the  supposition  that  the  cellular  nature 
of  the  rock  is  due  to  segregation)  the  zeolites  and  felspar  are  contemporaneous 
with  or  have  supplanted  the  alkaline  minerals  can  only  be  conjectured. 
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The  amorphous  green  paste-rock  with  its  pseudo-bombs,  it  was 
said,  is  only  a  more  altered  greywacke,  the  pseudo-bombs  corre- 

sponding to  the  amygdaloidal  areas  of  the  distinctly  bedded  and  less 
altered  wackes.  The  whole  appearance  of  this  peculiar  rock  be- 

tokens a  greater  degree  of  metamorphism.  .  The  bedding  has  gone ; 
the  amygdaloidal  areas  or  pseudo-bombs  are  in  greater  abundance  ; 
and  their  matrix  is  harder,  and  sometimes  even  semicrystalline. 
The  manner  in  which  these  pseudo-bombs  become  aggregated, 
so  as  to  form  by  their  union  masses  of  felspathic  amygdaloid,  has 
been  described  above. 

It  may  be  objected  to  this  that  the  green  paste-rock,  instead  of 
exhibiting  an  arrested  stage  of  metamorphism,  may  be  merely  the 
decomposing  wacke  of  an  igneous  rock.  But  the  pseudo-bombs  do 
not  exfoliate  like  the  spheroidal  portions  of  a  decomposing  trap ; 
their  weathered  crust  (seldom  thicker  than  a  penny)  is  itself  quite 
hard.  The  composition  of  the  green  paste  differs  considerably  from 
that  of  the  pseudo-bombs :  the  latter  show  apparently  no  alkaline 
matter,  save  in  their  amygdaloidal  cavities;  while  the  former  is 
abundantly  charged  with  it,  and  in  its  unweathered  portions  it  has 
the  same  composition.  It  is  difficult  to  believe  that  a  rock  so  con- 

stituted could  have  resulted  from  the  decomposition  of  a  felspathic 

trap.  If  the  pseudo-bombs  were  the  only  solid  parts  remaining  of 
such  a  cleconiposed  and  weathered  trap,  we  should  expect  to  find 
them  shading  off  into  the  surrounding  decayed  portions  of  the  bed. 
But  nothing  of  this  is  apparent.  Their  junction  with  the  green 
paste  is  bo  sharply  defined,  that  no  one  who  sees  that  rock  can  for  a 
moment  suppose  it  to  have  resulted  from  the  decomposition  of  a 
felspathic  amygdaloid  having  the  same  mineralogical  character  as 
the  pseudo-bombs.  Bearing  in  mind  the  occurrence  of  distinct 
amygdaloidal  areas  in  well-bedded  and  granular  greywacke,  I  am 
convinced  that  in  the  green  paste-rock  we  have  just  the  same 
phenomena,  but  in  a  higher  state  of  development. 

The  felspar-porphyry  must  be  regarded  as  the  maximum  stage  of 
metamorphism  exhibited  by  the  felspathic  rocks  of  the  district.  The 
passage  from  granular  sedimentary  beds  into  this  very  igneous-like 
rock  can  be  so  well  traced  as  to  leave  no  doubt  of  its  metamorphic 
origin ;  while  the  peculiar  junction  of  its  spheroidal  portions  with 
comparatively  unaltered  greywacke  is  quite  unlike  any  junction  of 
igneous  and  aqueous  rocks.  The  manner  in  Avhich  the  shells  or 
cases  are  moulded  round  the  spheroids  of  porphyry  appears  to  indi- 

cate that  they  were  once  in  a  sufficiently  pasty  condition  to  allow  of 
their  being  pressed  outwards  by  the  increasing  spheroids  of  felstone. 
But  it  would  almost  seem  as  if  their  want  of  alkaline  matter,  by 

rendering  them  less  easily  assailable,  had  stopped  the  further  pro- 
gress of  the  metamorphic  action  in  their  direction.  It  is  certainly 

very  remarkable  that,  although  we  find  the  fels])ar  crystals  of  the 
porphyry  well  developed  on  the  surfaces  of  the  spheroids,  and  even 
coating  the  concave  side  of  the  shell- cases,  we  yet  canrot  detect 
here  a  passage  from  the  one  rock  into  the  other.  Upon  the  whole, 
it  is  perhaps  preferable  to  regard  the  cases  of  hard  reddish  rock  as 
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merely  a  stage  in  the  metamorphism.  We  may  suppose  the  por- 
phyry spheroids,  during  the  period  of  their  outgrowth,  to  have  been 

constantly  surrounded  with  a  paste  of  felspathic  matter,  in  which 
the  felspar  crystals  were  generated.  Thus,  as  the  metamorphism 
proceeded,  case  after  case  would  become  obliterated  and  absorbed 
into  the  body  of  the  rock,  while,  at  the  same  time,  new  cases  of 
felspathic  stuff  would  continue  to  form  on  the  fresh  surface  of  each 
outgrowing  spheroid. 

The  felspar-porphyry  is  only  very  sparingly  amygdaloidal.  The 
surface  of  the  spheroidal  portions  is,  indeed,  often  abundantly  pitted ; 
but  the  body  of  the  rock  rarely  if  ever  shows  any  amygdaloidal 
cavities ;  nevertheless  a  passage  from  amygdaloid  into  felspar-por- 

phyry may  occasionally  be  traced.  Some  greywackes  must  there- 
fore have  passed  through  the  stages  of  "  green  paste-rock "  and 

amygdaloid  before  they  at  last  became  metamorphosed  into  felspar- 
porphyry.  But  the  gradation  to  be  observed  from  granular  grey- 
wacke  into  finely  crystalline  felstone,  and  from  that  into  porphyritic 
felstone,  shows  us  that  porphyry  may  sometimes  be  produced  directly 
from  aqueous  rocks  without  an  intermediate  vesicular  stage.  AU  will 
depend  upon  the  composition  of  the  rocks  undergoing  alteration. 
If  they  are  highly  basic,  a  vesicular  condition  will  probably  precede 
the  production  of  porphyry ;  if,  on  the  other  hand,  the  beds  are 
less  basic,  a  previous  vesicular  stage  does  not  seem  necessary  to  the 
formation  of  porphyritic  felstone. 

C.  Brecciiforin  RocJcs. 
The  anomalous  brecciiform  beds  which  are  now  to  be  described 

are  of  sporadic  occurrence.  EoUowed  along  the  general  strike  of 
the  strata  they  quicldy  die  out,  even  when  they  have  attained  a 
considerable  thickness.  They  are  typically  developed  on  the  coast 
near  Bennane  Head,  and  the  beautiful  hill  of  Knockdolian  is  made 

up  of  them.  'No  description  Can  convey  an  adequate  notion  of  their character.  Knockdolian  Hill  consists  of  a  mass  of  brecciiform  rock, 
entirely  amorphous  and  unstratified,  except  in  one  or  two  places, 
where,  however,  the  appearance  of  bedding  may  be  due  to  jointing. 
The  brecciiform  fragments  are  of  all  sizes,  from  mere  dust  up  to 
stones  twice  the  size  of  a  walnut ;  but  much  larger  fragments  are 
common  enough :  while  most  are  of  angular  shapes,  many  have  a 
somewhat  rounded  and  subangular  aspect,  often  bearing  a  striking 
resemblance  to  the  small  lapilli  of  a  volcanic  ash.  They  consist  of 
fine-grained  and  compact  felspathic  rocks.  Matrix  is  usually  want- 

ing, but  is  sometimes  present  in  meagre  quantity :  when  it  occurs 
abundantly,  the  rock  has  all  the  appearance  of  a  scoriaceous  ash  ; 
and  on  such  occasions  it  sometimes  becomes  difficult  to  distinguish 
it  from  the  green  paste-rock.  The  composition  of  the  matrix  is 
chiefly  felspathic,  with  an  admixture  of  crystalline  carbonate  of  lime 
in  some  places.  But,  as  just  remarked,  matrix  is  for  the  most  part 
wanting,  and  the  stones  are  huddled  together  in  the  direst  con- 

fusion. In  the  rock  of  Knockdolian  Hill  one  or  two  rounded  stones 

were  obtained,  whose  smoothed  surfaces  told  their  story  of  former 



1866.]  J.  GEIKIE— CAEEICK,  AYESHIRE.  525 

attrition  by  water.  But  how  they  had  come  to  be  imbedded  in  the 
angular  breccia,  and  what  the  origin  of  that  breccia  could  be,  there 
was  no  evidence  in  the  hill  to  show.  An  examination  of  the  coast- 
section,  however,  was  more  successful.  Near  Bennane  Head  the 
high  road  skirting  the  sea  overlooks  a  large  mass  of  Knockdolian 
rock.  The  shape  of  the  stones  hereabouts  generally  approaches  to 
roundness,  but  they  are  often  of  very  irregular  form.  Water- worn 
stones,  some  of  them  six  inches  across,  are  here  not  uncommonly 
intermingled  with  the  angular  and  subangular  fragments  of  which 
the  great  bulk  of  the  rock  consists.  Some  of  these  rounded  stones 

show  only  a  partially  water-worn  surface,  the  other  portions  being 
roughened  and  subangular.  Such  water-worn  stones  increase  in 
number  until  we  find  them,  in  one  place,  forming  a  rude  band,  the 
direction  of  which  corresponds  with  the  strike  of  a  little  area  of 
unaltered  stratified  wacke,  which  is  here  completely  surrounded  by 
amorphous  Knockdolian-rock.  It  is  noteworthy  that  the  smoothest 
and  more  perfectly  rounded  stones  are  those  composed  of  the  hardest 
and  most  compact  rock ;  whUe  those  which  have  lost  their  smoothed 
surfaces  consist  of  less  hard  and  compact  rock  and  are  very  gene- 

rally amygdaloidal,  the  vesicles  being  of  the  usual  spherical  shape. 
We  are  therefore  justified  in  concluding  that  the  brecciiform  rocks 
under  review  have  resulted  from  the  alteration  of  beds  of  conglome- 

rate. The  stones  often  look  as  if  they  had  been  squeezed  while  in 
a  softened  condition.  I  have  picked  out  two  water- worn  stones, 
which  appeared  to  have  been  flattened  against  each  other ;  and  some- 

times a  somewhat  rounded  amygdaloidal  stone  would  be  found  with 
with  a  harder  pebble  partially  squeezed  into  it,  and  strongly  adhe- 

ring. A  few  stones,  all  much  of  a  size,  seemed  as  if  they  had  been 
pressed  together  while  in  a  softened  state,  and  had  thus  assumed 
regular  hexagonal  forms. 

There  are  several  other  points  of  interest  in  connexion  with  these 
brecciiform  masses,  especially  as  regards  their  relations  to  the  green 
paste-rock;  but  their  consideration  at  present  would  involve  too 
much  detail.  In  places  where  the  original  condition  of  the  beds 
has  been  closer-grained  or  finely  comminuted,  we  may  have  areas 
somewhat  analogous  to  the  pseudo-bombs  of  nascent  amygdaloid : 
these,  by  their  union,  go  to  form  a  compact  felstone. 

The  coarser  parts  of  Knockdolian  rock  also  shade  off  into  a  simi- 
lar hard  compact  shattered  felstone — a  result  brought  about  by  the 

welding  or  soldering  together  of  the  angular  brecciiform  frag- 
ments*. 

D.  Finely  Orystalline  Felstones. 

A  large  jii'oportion  of  the  felspathic  metamorphic  rocks  consists 
of  finely  crystalline  and  compact  felstone.  These  rocks  are  well 
exposed  at  various  points  along  the  coast  to  the  north  of  Bennane 
Head,  but  they  are  better  seen  upon  the  whole  in  the  interior  of  the 
country,  along  hill-sides  and  in  stream-sections.     They  seldom  show 

^  Conglomerates  in  various  stages  of  alteration  have  been  examined  in  other 
localities  of  the  district,  and  will  be  described  in  the  Memoir  of  the  Geological 
Survey  to  accompany  the  Map,  sheet  7. 
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well-marked  bedding ;  but  occasional  dips  may  be  observed.  Their 
general  character  is  that  of  a  shattered,  close-grained,  finely  crystal- 

line, sometimes  compact  rock,  becoming  coarsely  crystalline  and 
even  porphyritic  in  places.  Passages  from  hardened  granular  grey- 
wacke  into  semicrystalline  rock,  and  from  that  into  the  close-grained 
felstone,  are  of  common  occurrence.  Not  infrequently  areas  of 
granular  Avacke  may  be  obtained  completely  encircled  by  felstone, 
both  being  evidently  parts  of  the  same  bed;  and,  on  the  other 
hand,  portions  of  finely  crystalline  felstone  make  their  appearance 
in  the  midst  of  comparatively  unaltered  wackes.  These  are  cer- 

tainly not  dykes,  nor  intrusive  masses,  but  are  merely  meta- 
morphosed parts  of  the  beds  among  which  they  occur;  for  they 

distinctly  shade  ofi*  into  the  semicrystalline  and  granular  matter 
which  encloses  them.  They  seem  in  this  way  to  be  analogous  to 
those  vesicular  areas  so  characteristic  of  some  basic  greywackes. 
The  greywacke  beds  which  have  been  partially  converted  into  com- 

pact felstones  are  most  usually  fine-grained  rocks  with  little  or  no 
calcareous  or  magnesian  matter  ;  and  this  insufficient  supply  of  alka- 

line matter  probably  accounts  for  the  absence  of  amygdaloidal  cavities. 

"Whenever  the  strata  begin  to  get  alkaline,  the  altered  crystalline areas  become  amygdaloidal. 
When  the  strata  have  originally  consisted  of  alternations  of  very 

highly  basic  with  less  alkaline  beds,  the  resulting  metamorphic  masses 
exhibit  a  great  variety  of  rocks.  Thus  on  the  shore  at  Lendalfoot 
the  sea-stacks  and  skerries  show  confused  alternations  of  felstone, 
felspar-porphyry,  hardened  granular  greywacke,  altered  hmestone, 
hyperite,  diorite,  diallage-rock,  serpentine,  and  occasional  brcccii- 
form  beds  ;  but  although  there  is  much  confusion  in  detail,  still,  when 
viewed  on  the  large  scale,  the  direction  of  the  masses  agrees  with  the 
strike  of  the  rocks  of  the  district.  The  fine-grained  felstones  here- 

abouts are  remarkable  chiefly  as  showing  how  felspathic  rocks  may 
in  places  become  diorites.  In  this  metamorphic  district  no  rigid 
line  can  be  drawn  between  the  two,  either  by  mineralogist  or  geolo- 

gist. Near  Lendalfoot  the  felstones  are  often  thickly  studded  with 
blotchy  crystals  of  white  felspar,  which,  being  much  harder  than  the 
matrix,  stand  out  in  relief  on  weathered  surfaces.  These  crystals 
are  aggregated  in  a  very  irregular  manner.  They  are  of  small  size 
where  they  are  most  abundant ;  but  in  the  more  sparsely  porphy- 

ritic areas  of  the  felstone  they  are  usually  larger,  being  sometimes 
an  inch  in  length.  Occasionally  the  beds  show  more  or  less  distinct 
crystals  of  hornblende,  which  increase  in  number  until,  by  their 
abundance,  they  impart  a  dark  hue  to  the  rock.  This,  then,  we 
should  call  diorite.  But  for  fuller  details  I  must  again  refer  to  a 
forthcoming  memoir  of  the  Geological  Survey. 

III.  DioKiTic  Bocks. 

The  dioritic  strata  do  not  occupy  so  large  an  area  as  the  felspathic 
rocks;  they  are  also  of  more  interrupted  occurrence,  frequently 
appearing  as  small  lenticular  layers  interstratified  with  serpentines. 
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but  very  rarely  with  felstones.  The  more  extensive  rock-masses 
present  very  much  the  same  contour  as  the  metamorphic  felspathic 

strata,  forming  rounded  hills  and  knolls  "with  a  somewhat  lumpy 
outline. 

Under  the  term  dioritic  are  included  all  those  rocks  which  consist 

essentially  of  silicates  of  lime  and  magnesia  set  in  a  felspathic  base 
or  matrix ;  but  a  description  of  the  many  phases  presented  by  the 
class  of  rocks  referred  to  is  beyond  the  scope  of  this  communication. 
They  show  every  gradation  of  texture,  from  a  rock  nearly  compact  to 
dioritic  masses  in  which  the  crystals  often  exceed  an  inch  in  length. 

The  principal  varieties  are  diorite  and  hypersthenite,  both  of 
which  are  occasionally  foliated.  The  felspar  usually  associated  with 
hornblende  and  hypersthene  in  these  rocks  is  a  hard  white  variety. 
Diallage-rock  occurs  sparingly  in  one  or  two  localities ;  sometimes  a 
well-marked  diorite  exhibits  crystals  of  white  and  clear  quartz,  and 
thus  becomes  a  syenite. 

Where  the  dioritic  rocks  are  typically  developed  they  are  invari- 
ably associated  with  serpentine.  With  this  rock  they  exhibit  inter- 

esting junctions,  to  which  reference  will  presently  be  made. 

ly.  Seepentine. 

Serpentine  rock  abounds  throughout  the  district ;  it  consists  of 
two  principal  varieties — foliated  or  schistose,  and  compact. 

1.  Schistose  Serpentine. — This  is  very  plainly  a  bedded  rock,  and 
is  generally  interstratified  mth  diorites.  It  varies  in  colour  from 
reddish-brown  to  green.  The  folia  correspond  with  planes  of  bed- 

ding ;  but  in  some  places  the  foliation  is  rude  and  irregular,  and, 
in  the  absence  of  well-marked  dips  in  adjoining  crystalline  and 
gritty  beds,  cannot  always  be  asserted  to  coincide  with  original 
lamination.  Yein-like  ramifications  of  diallage-rock,  consisting  of 
masses  of  diallage-crjstals,  sometimes  intersect  the  schistose  varie- 

ties of  serpentine.  The  joints  are  often  abundantly  coated  with 
soapstone,  chloritic  matter,  and  other  silicates  of  magnesia  and 
alumina. 

2.  Compact  Serpentine. — This  occurs  in  much  larger  masses.  Dark 
and  pale  green  are  its  usual  colours,  but  areas  of  red  and  beautifully 
mottled  green  and  red  varieties  are  not  uncommon.  Sometimes  it 
is  poryhyritic  with  diallage,  and  very  frequently  with  bronzite. 
Traces  of  bedding  have  seldom  been  observed  in  these  rocks  them- 

selves;  but  the  trend  of  tlie  masses  agrees  with  the  strike  of  the 
rocks  of  the  district,  and  interstratified  lenticular  beds  of  diorite  are 
of  common  occurrence,  thus  showing  that  the  compact  serpentines, 
like  the  altered  strata  with  which  they  are  associated,  are  truly  bedded 
rocks.  The  association  of  serpentine  with  limestone  will  be  ad- 

verted to  presently. 
A  few  notes  upon  the  coast-section  between  Pinbain  and  Lendal- 

foot  may  serve  to  throw  some  light  upon  the  probable  origin  of  the 
serpentines  of  this  neighbourhood.  On  the  shore  near  Pinbain 
occur  some  vertical  beds  of  dark  shales  closely  associated  with  a 
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spheroidal  brecciiforin  rock  similar  to  some  of  those  described  above. 
These  shales  are  often  much  twisted  and  broken,  and  are  interstra- 
tified  here  and  there  with  interrupted  bands  of  altered  wacke,  which 
are  also  brecciated.  There  are  many  points  of  interest  connected 
with  the  brecciiform  stones  at  this  place;  but  these  cannot  be 
considered  here.  The  most  notable  feature  about  the  beds  is  the^ 

occurrence  of  limestone  in  the  shales.  Among-  much  disturbed  and 
brecciiform  beds  may  be  seen  a  large  block  of  limestone,  four  feet 
across.  It  looks  as  if  it  had  been  forcibly  pushed  into  its  present 
position;  for  the  shales  are  all  puckered  and  squeezed  about  it. 
Many  smaller  calcareous  fragments  occur  in  its  vicinity.  In  their 
neighbourhood  the  beds  are  abundantly  veined  with  carbonate  of 
lime;  but  these  veins  are  chiefly  confined  to  an  iiTegular  band 
or  area  along  the  direction  of  the  strike.  There  can  be  no  doubt 
that  the  veins  have  resulted  from  the  dissipating,  in  situ,  of  a  lime- 

stone, they  and  the  honeycombed  and  amorphous-shaped  blocks 
being  all  that  now  remain  of  that  bed.  A  yard  or  two  from 
this  point  may  be  seen  irregular  nodular  calcareous  bands  in 
dark  greenish  shales,  which  are  here  much  less  disturbed.  The 
confusion  observable  in  the  former  case  must  therefore  in 

great  measure  be  due  to  the  withdrawal  of  the  limestone. 
Leaving  these  shales  and  continuing  the  section  southward  we  come 
at  once  upon  highly  metamorphic  strata,  consisting  chiefly  of  ser- 

pentine with  interbedded  dioritic  masses  and  occasional  areas  of 

felspar-porphyry.  The  bed  immediately  associated  with  the  dark 
greenish  shale  is  a  serpentine ;  but  the  junction,  unfortunately,  is  not 
well  seen.  There  can  be  no  doubt,  however,  that  the  schistose  ser- 

pentine is  merely  a  metamorphosed  shale.  All  serpentine-rock 
contains  less  or  more  alumina,  and  many  of  the  ophiolites  of  this 
neighbourhood  are  in  this  way  very  impure ;  indeed  it  is  often 
impossible  to  distinguish  between  highly  magnesian  shale  and 
impure  schistose  serpentine.  Geologically,  the  latter  is  only  an 
altered  condition  of  the  former.  The  veins  of  diallage  which  are 
sometimes  found  in  these  shaly  and  schistose  varieties  may  not 
improbably  represent  calcareous  veins  similar  to  those  that  traverse 
the  dark  shales  alluded  to  above,  subsequent  metamorphic  action 
having  converted  them  into  diallage.  The  silica  and  magnesia 
necessary  to  this  change  would,  of  course,  be  derived  from  the 
impure  magnesian  rocks  through  which  the  veins  ramify,  and  which 
at  the  time  the  veins  were  forming  were  assuming  their  present  ophio- 
litic  character.  In  like  manner,  the  bronzite,  especially  in  the  more 
compact  serpentines,  may  partially  represent  the  carbonate  of  lime  that 
was  diffused  through  the  rock  before  alteration  began.  Crystals  of 
bronzite  and  diallage  are  so  abundant  throughout  large  areas  of 

serpentine  as  frequently  to  form  a  JiftJi,  and-  sometimes  even  a 
third)  of  the  bulk  of  that  rock.  The  condition  of  the  beds  before 
metamorphism  ensued  may  therefore  have  been  that  of  impure  or 
muddy  dolomitic  or  magnesian  limestones.  In  support  of  this  view 
it  may  be  mentioned  that,  in  less  altered  areas  of  the  district, 
limestone   has   been  met  with  which  was   sometimes   mae-nesian. 
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Of  course  it  may  be  said  that  this  magnesian  character  has  been, 
superinduced  by  metamorphic  action.  Perhaps  it  has ;  and  if  the 
process  of  alteration  had  been  continued,  we  might  have  had 

serpentine  in  place  of  an  impure  magnesian  limestone.  "We  must suppose  that  metamorphism  is  a  gradual  operation,  and  that  the 
rocks  acted  npon  assume  various  characters  as  the  action  proceeds. 
Serpentine  is  evidently  an  advanced  stage  in  the  process. 

3.  Association  of  Diorite  and  Serjpentine. — The  junction  between 
serpentine  and  diorite  is  often  very  distinct ;  but  in.  other  places 
where  the  latter  is  fine-grained  and  highly  magnesian,  it  passes  so 
insensibly  into  the  former  that  we  are  frequently  at  a  loss  to  tell  at 
what  point  we  must  cease  to  call  the  rock  a  diorite,  and  when  we 

ought  to  begin  to  describe  it  as  serpentine^.  In  cases  of  this  kind 
we  may  reasonably  infer  that  the  original  composition  of  the  beds 
which  has  given  rise  to  the  diorites  shaded  gradually  into  that  of 
those  more  highly  magnesian  beds  whose  metamorphism  has  re- 

sulted in  serpentine.  On  the  other  hand,  when  the  junction  between 
that  rock  and  diorite  is  well  marked,  it  appears  probable  that  the 
composition  of  the  various  strata  before  metamorphic  action  began 
was  also  well  marked,  one  bed  not  shading  off  into  another  as  in 
the  previous  case. 

A  few  notes  on  the  better-marked  junctions  of  serpentine  with 
diorite  may  be  interesting.  As  it  approaches  diorite,  serpentine 
frequently  becomes  rudely  schistose  and  sometimes  quartzose — so 
much  so  that  it  might  occasionally  be  described  as  a  highly  silicated 
felspathic  schist,  tinged  green  with  magnesian  matter.  Here,  also, 
it  sometimes  shows  irregular  interrupted  bands  of  yellow,  green, 
and  brown  Lydian-stones.  The  junction  with  the  diorite  is  very 
irregular,  the  serpentine  appearing  as  if  it  had  been  caught  up 
every  here  and  there,  while  occasionally  long  branching  fingers  of 
magnesian  matter  are  protruded  into  the  diorite.  Small  veins  of 
diorite,  also,  in  some  cases  pass  into  the  serpentine.  It  is,  no 
doubt,  appearances  of  this  kind  which  in  some  cases  have  led  geolo- 

gists to  consider  serpentine  as  of  igneous  origin.  On  the  sea-shore 
at  Lendalfoot  many  excellent  junctions  of  the  nature  alluded  to  may 
be  studied.  The  strata  at  this  place  are  very  much  confused; 
nevertheless  alternations  of  serpentine  with  diorites  and  felstones 
succeed  each  other  in  such  a  way  as  to  indicate  that  we  have  here 
the  original  bedding. 

Y.  Limestone. 

It  now  only  remains  to  add  a  few  words  about  the  limestones  f 

^  On  the  hills  a  little  to  the  north-east  of  the  village  of  Colmonell  (river 
Stinchar)  a  very  peculiar  serpentine  occurs.  Interspersed  throughout  a  base 
of  dark-green  serpentine  (which  in  places  is  porphyritic  with  bronzite)  abun- 

dant granules  and  interrupted  nodular  threads  of  white  felspar  make  their 
appearance.  The  matrix  in  which  this  felspar  occurs  is  harder  than  the  other 
-portions  of  the  rock,  where  the  serpentine  presents  its  normal  character.  As 
this  peculiar  rock  certainly  passes  into  diorite  (hornblende  and  felspar)  there  can 
be  no  doubt  that  the  hardening  of  the  green  serpentinous  matrix  is  due  to  the 
presence  of  lime  in  chemical  union  with  the  silicate  of  magnesia. 

t  These  limestone^  have  yielded  fossils  of  Lower  Silurian  age,  a  list  of  which 
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and  calcareous  wackes.  These,  as  we  should  expect,  are  of  Tciy 
limited  extent.  They  never  continue  any  distance,  but  speedily 
give  way  in  all  directions  to  metamorphic  rocks.  The  limestone  of 
Craigneil  is  a  remarkable  example.  The  hard  and  tough  nature  of 
this  rock  has  enabled  it  to  withstand  denudation  better  than  the 

more  easily  wasted  conglomerates  and  altered  wackes  by  which  it  is 
surrounded.  It  rises  into  a  conical  hill,  the  form  of  which  is  evi- 

dently due  to  glacial  action.  Although  this  bed  is  of  considerable 
thickness,  it  yet  dies  out  very  suddenly  along  the  strike  ;  and  the  same 
appears  to  be  the  case  with  the  limestone  at  Bougang.  Of  the 
Craigneil  limestone  itself  not  much  need  be  said  here,  further  than 
that  it  is  a  very  impure  rock,  and  ought  in  places  to  be  termed 
merely  calcareous  greywacke.  It  is  associated  on  the  south  side 
with  schistose  serpentine  and  conglomerate.  To  the  west  and  east 
it  is  replaced  by  altered,  crystalline  and  amygdaloidal  greywackes. 

Association  of  Serpentine  luitJi  Calcareoiis  Strata. — At  Laffin- 
cleary,  serpentine  is  curiously  associated  with  a  highly  calcareous 
wacke  and  impure  limestone.  The  serpentine  occurs  as  veins  and 
amorphous  areas,  and  is  itself  veined  with  carbonate  of  lime.  The 
calcareous  beds  have  in  places  assumed  the  brecciiform  structure  of 
Knockdolian  rock.  On  the  old  raised  beach  at  Whilk,  at  Bennane 
Head,  at  Leffin  Knowes,  on  the  farm  of  Balnowlart,  on  Knockdolian 
Hill,  in  an  old  quarry  at  Bougang,  at  Knockdhu  Bridge,  and  many 
other  places,  limestone  or  calcareous  wacke  is  found  abundantly 
intermingled  with  magnesian  matter,  and  occasionally  passing  into 
serpentine.  The  rock  is  generally  much  confused  and  broken,  the 
joints  being  coated  with  such  silicates  as  steatite,  chlorite,  ttc. 

These  calcareous  areas  are,  as  remarked,  always  of  small  extent, 

and  occur  quite  sporadicall}^,  often  with  no  apparent  relation  to  each 
other.  But  occasionally  they  seem  to  follow  a  certain  line  corre- 

sponding to  the  direction  of  the  strike.  Little  patches  of  serpentine, 
in  the  same  manner,  often  make  their  appearance  at  intervals  on  a 
given  horizon.  Whether  these  last  indicate  the  former  existence  of 

impure  magnesian  and  calcareous  wacke's  or  limestones,  like  the 
sporadic  beds  just  referred  to,  can  only  be  conjectured. 

AYith  regard  to  the  former  extent  of  such  limestones  as  those  at 
Craigneil  and  Bougang  not  much  can  be  said.  Metamorphic  action 
has  in  all  probability  considerably  reduced  their  bulk ;  but  there  are 
good  grounds  for  believing  that  they  never  covered  any  large  con- 

tinuous area,  but,  on  the  contrary,  were  from  the  first  of  partial  and 
irregular  occurrence. 

YI.    COXCLUSIOX. 

In  the  foregoing  general  sketch  of  the  phenomena  of  this  inter- 
esting region,  speculations  on  the  probable  nature  of  the  agent  or 

agents  by  whose  means  the  alterations  were  effected  have  been  pur- 
posely omitted.  It  is  usually  much  easier  to  say  what  has  not 

caused  such  changes  than  to  state  what  has  ;  but  in  the  present 

will  be  found  in  Sir  Eoderick  Murchison's  memoir  already  referred  to.  Kide 
Quart.  Journ.  Geol.  See.  toI.  vii.  p.  154. 
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instance,  at  least,  there  can  be  little  doubt  that  the  metamorphism 
ought  to  be  assigned  to  hydrothermal  action.  The  very  partial 
manner  in  which  the  strata  have  been  affected — the  frequent  occur- 

rence of  unaltered  areas  among  crystalline  rocks  and  vice  versa — the 
various  degrees  of  intensity  which  characterize  the  metamorphism, 
even  when  the  beds  undergoing  change  have  much  the  same  compo- 

sition— all  seem  to  point  to  the  partial  distribution  of  moisture  or 
water  in  the  strata  at  the  time  metamorphic  action  ensued,  so  that 
when  heat  began  to  attack  the  beds,  its  influence  was  aided  in  a 
greater  or  less  degree  by  the  amount  of  water  present  in  the  rocks. 
The  probable  source  of  this  water  will  be  considered  presently. 

Many  portions  of  the  strata  have  merely  undergone  a  process  of 
hardening,  which  has  sometimes  given  to  the  beds  a  semicrystal- 
line  texture — a  change  which  might  be  brought  about  without  fusion 
or  softening.  But  the  appearances  presented  in  some  places  require 
us  to  infer  a  former  pasty  or  almost  semifluid  condition.  It  is  un- 

necessary to  recapitulate  the  evidence  on  this  head ;  but  reference 
may  be  made  to  a  few  of  the  facts  already  adduced. 

The  phenomena  connected  with  isolated  amygdaloidal  areas  are 
especially  worthy  of  study.  The  little  cells  have  attained  their 
spherical  shape  at  a  time  when  the  matrix  had  a  certain  plasticity. 
If  this  plasticity  had  been  caused  by  dry  heat,  it  is  diflicult  to 
understand  how  the  granular  portions  of  the  same  beds  should  have 
escaped  change,  especially  as  their  composition  does  not  differ  from 
that  of  the  amygdaloidal  areas.  The  whole  series  of  phenomena 
associated  with  the  gradual  increase  of  separate  amygdaloidal  areas, 
and  the  progressive  formation  in  this  Avay  of  spheroidal  and  colum- 

nar amygdaloid,  appear  explicable  only  on  the  assumption  of  hydro- 
thermal  action. 

The  appearances  presented  by  felspar-porphyry  seem,  to  bear  out 
the  same  view.  Nothing  is  more  striking  than  the  often  close 
association  of  highly  metamorphic  with  comparatively  unaltered 
areas.  Greenish  granular  wacke  has  been  observed  so  close  to  fel- 

spar-porphyry that  only  a  thin  irregular  ribbon  of  rudely  schistose 
serpentinous  matter  kept  the  two  rocks  from  touching.  It  was  in 
this  wacke  that  isolated  vesicidar  areas  were  first  detected ;  so  that, 
although  the  beds  retain  in  great  measure  their  granular  structure, 
yet  they  cannot  be  said  to  be  quite  unaltered.  But  that  they  should 
have  experienced  so  little  change  in  the  immediate  vicinity  of  a 
rock  the  nature  of  which  evinces  great  intensity  of  metamorphic 
action  is  not  a  little  surprising.  It  is  not  improbable,  however, 
that  the  felspar-porphyry,  having  been  reduced  to  a  soft  or  viscous 
state,  has  been  partially  forced  out  of  its  position  by  the  weight  of 
superincumbent  strata  pressing  upon  it,  and  in  this  way  intruded 
among  other  rocks  which  had  not  undergone  the  same  degree  of 

change.  Of  the  truly  metamorphic  origin  of  the  felspar-porphyry 
there  can  be  no  doubt.  Its  behaviour  at  other  points  has  been 
referred  to  above. 

Of  the  stones  of  the  brecciiform  rocks  or  altered  conglomerates,  it 

was  remarked  that  they  are  for  the  most  part  of  angular  and  sub- 
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angular  shapes,  but  often  with  a  general  approach  to  roundness, 
especially  when  imbedded  in  a  matrix.  The  whole  aspect  of  these 
stones  forcibly  suggests  hydrothermal  action.  In  many  places  the 
pebbles  have  been  mutually  squeezed,  so  as  to  become  distorted,  and 
sometimes  to  assume  hexagonal  forms,  thus  implying  a  somewhat 
softened  condition*. 

Without  going  into  more  detail,  allusion  may  be  made  to  an  inter- 
esting point  in  connexion  with  certain  metamorphic  rocks  of  Lower 

Old  Eed  age,  belonging  to  another  district  of  Ayrshire,  situated 
some  miles  to  the  north-east  of  Girvan,  on  which  the  Survey 
was  engaged  during  the  past  year.  The  rocks  of  this  district  are 
chiefly  felspathic  varieties,  and  present  very  much  the  same  phe- 

nomena as  has  been  shown  to  characterize  the  altered  felspathic 
wackes  of  the  Silurian  strata.  Near  the  farm  of  Knockdon,  on  the 
Water  of  Girvan,  occur  conglomerates  and  felspathic  sandstones 
which  have  been  converted  in  places  into  dark  and  light  pink  fel- 
stones.  Many  portions  of  these  felstones  were  found  to  be  porphy- 
ritic,  often  abundantly  so,  with  fan-like  radiating  fibrous  crystals  of 
a  dark  greenish  zeolite.  Sometimes  the  same  mineral  occurred  in 
amorphous  blotches.  These  zeolites  did  not  fill  up  amygdaloidal 
cavities,  but  were  in  every  way  analogous  to  the  porphyritic  crystals 

of  a  felspar-porphyry.  We  must  therefore  admit  that,  in  some  way 
or  other,  water  has  had  to  do  with  the  production  of  these  meta- 

morphic felstones. 
The  nature  and  origin  of  the  veins  which  traverse  the  metamorphic 

Silurian  rocks  of  Carrick  aff'ord  very  strong  sujDport  to  this  con- 
clusion. I  cannot  enter  here  into  the  evidence  which  goes  to  prove 

that  the  thick  ramifying  veins  of  carbonate  of  lime,  diallage,  felspar, 
zeolite,  (fee,  are  all  of  the  same  age  as  the  metamorphism,  and  are  not 
due  to  subsequent  infiltration.  Yeins  of  carbonate  of  lime  have  been 
described  as  proceeding  from  imbedded  blocks  of  limestone  ;  knotted 
strings  of  diallage  crystals  have  been  pointed  out  as  forming  part  of  the 
bed  in  which  they  occur ;  veins  of  felspar  are  associated  with  ex- 

ceedingly coarse  diorite  in  such  a  way  as  to  show  that  their  origin 
must  be  contemporaneous  with  that  of  the  diorite  ;  while  abundant 
veins  of  a  beautiful  white  fibrous  zeolite,  that  traverse  the  strata  in 
many  places,  are  also  to  be  assigned  to  the  date  of  the  general 
metamorphism.  Mr.  Eichard  Smith,  of  the  Geological  Museum, 
Jermyn  Street,  kindly  undertook  the  analysis  of  this  zeolite,  the 
composition  of  which  he  ascertained  to  correspond  with  that  of 

pectolitef. 

^  But  such  distorted  stones  must  be  carefully  distinguished  from  the  appear- 
ance presented  by  a  fine-grained  semicrystahine  felspathic  rock  which  seems  to 

be  entirely  made  up  of  little  rounded  pellets  like  pebbles.  This,  however,  is  a 
superinduced  structure.  The  pellets  vary  from  the  size  of  peas  to  that  of  hazel- 

nuts. When  they  press  closely,  they  frequently  become  five-  or  six-sided.  It  is 
difficult  to  account  for  this  peculiar  structure ;  but  that  it  has  been  induced  by 
hydrothermal  action,  and  not  by  dry  heat,  is  borne  out  by  the  testimony  of  the 
surrounding  metamorphic  phenomena. 

f  Since  Mr.  Smith's  analysis  was  made,  I  find  that  pectolite  had  been 
obtained  by  Prof,  James  Nicol  from  the  same  neighbourhood. 
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Assuming  that  the  metamorphism  of  these  strata  has  been  mainly 
effected  by  hydrothermal  action,  a  word  or  two  may  be  added  re- 

garding the  probable  source  from  which  the  water  has  been  derived. 
AH  rocks  are  found  to  contain  a  variable  amount  of  water ;  but  the 
strata  nearest  the  surface  of  the  earth  are,  for  the  most  part,  better 
saturated  with  moisture  than  the  beds  at  lower  depths.  The  supply, 
when  derived  from  rains  and  the  water  of  springs,  rivers,  and  lakes, 

must  from  various  causes  be  very  partially  distributed.  If,  there- 
fore,, the  intensity  of  metamorphic  change  be  influenced  by  the 

amount  of  water  present  in  the  rocks,  we  should  expect  to  find 
the  strata  often  showing  sporadic  areas  of  alterations.  Nor  need  we 
be  surprised  when  metamorphic  beds  occur  superimposed  upon  less 

metamorphosed  and  unaltered  rocks.  "With  regard  to  wide  regional metamorphism,  like  that  of  Canada,  the  Scottish  Highlands,  and 
Norway,  it  is  probable  that  the  strata  acquired  their  metamorphic 
character  while  they  lay  underneath  the  bottom  of  the  sea.  During 
such  a  period  or  periods  of  submergence,  water  could  not  fail 
to  find  its  way  into  the  subjacent  rocks,  down  through  which  it 
would  continue  to  percolate  until  it  reached  a  point  where  the  con- 

ditions of  heat  might  enable  it  to  attack  the  strata  and  gradually 
effect  their  metamorphism.  The  action  of  the  heated  water  would 
doubtless  be  often  aided  by  the  chemical  reagents  it  held  in  solution, 
and  the  ultimate  character  of  a  metamorphic  rock  might  not  infre- 

quently depend  upon  the  nature  of  such  acid  and  saline  solutions. 
But  the  present  aspect  of  the  Carrick  metamorphic  rocks,  at  all 
events,  is  certainly  not  due  to  this  cause  alone,  but  chiefly  to  the  ori- 

ginal composition  of  the  unaltered  strata.  The  elements  necessary  to 
the  formation  of  diorites  and  felstones  were  not  introduced  by  water 
during  the  process  of  alteration,  but  already  existed  in  the  beds 
before  metamorphic  action  began. 

On  the  hypothesis  that  the  water  necessary  to  hydrothermal 
action  has  been  supplied  in  the  manner  indicated,  we  can  under- 

stand how  the  lower  beds  of  the  Silurians  of  Carrick  have  escaped 
alteration ;  for  either  the  water  percolating  downwards  never  pene- 

trated so  far,  or  else  was  present  in  too  small  quantity  to  induce  a 
wide-spread  change.  It  is  quite  consistent  with  the  views  sup- 

ported above,  to  suppose  that  during  its  downward  passage  the 
water  may  have  been  deprived  of  certain  chemical  reagents  before  it 
reached  great  depths,  so  as  in  some  measure  to  have  become 
weakened,  and  thus  less  capable  of  affecting  the  condition  of  the 
strata.  When  its  passage,  however,  was  aided  by  jointing  and 
fractures,  it  might  occasionally  sink  to  great  depths,  and  there  give 
rise  to  metamorphic  action.  In  this  manner,  we  may  account  for 
those  isolated  areas  of  crystalline  rock  that  occur  among  the  un- 

altered strata,  on  a  lower  horizon  than  the  chief  metamorphic 
masses. 

The  only  igneous  rocks  of  the  district  are  a  few  dykes  of  felstone 
and  greenstone,  which  are  evidently  of  much  later  date  than  the 
metamorphism.  The  granular  wackes  through  which  they  pass 
usually  remain  quite  unaltered,  even  at  their  immediate  junction  with 



534  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.  [JimO  6, 

the  trap.  Nor  is  there  the  slightest  evidence  of  the  existence  of 
any  underlying  mass  of  igneous  rock,  the  heat  of  which  might  be 
supposed  by  some  to  have  caused  the  alteration  of  the  strata.  In  the 
second  metamorphic  area  to  which  I  have  had  occasion  to  refer,  igneous 
rocks  are  largely  developed ;  but,  curiously  enough,  the  most  highly 
altered  strata  occur  at  a  distance  from  the  intrusive  traps.  The 
rocks  immediately  surrounding  one  large  mass  of  felstone,  about  a 
mile  and  a  half  in  circumference,  were  for  the  most  part  quite 
unaltered.  They  consist  of  conglomerates  and  chocolate-coloured 
sandstones  and  grits.  But  outside  of  this  unaltered  area,  felspathic 
grits  and  sandstones  have  become  felstones,  and  conglomerates 
have  been  in  places  changed  into  bright-pink  and  fawn-coloured 

porphyry.  "We  cannot,  therefore,  consider  intrusive  trap  to  have been  the  source  of  heat  in  the  metamorphic  areas  referred  to,  and 
must  thus  accept  the  theory,  so  ably  supported  by  many  geologists, 
that  the  temperature  necessary  to  metamorphic  action  has  been 
derived  from  the  central  heat  of  the  earth. 

The  facts  advanced  in  the  foregoing  communication  seem  to 

prove : — 1st.  That  the  strata  owe  their  metamorphism  to  hydrothermal 
action. 

2nd.  That  the  varjang  mineralogical  character  of  the  rocks  is 
due  principally  to  original  differences  of  chemical  composition,  and 
not  to  infiltration  of  foreign  matter  at  the  time  of  metamorphism. 

3rd.  That  the  highly  alkaline  portions  of  the  strata  have  been 
most  susceptible  of  change. 

4th.  That  in  beds  having  the  same  composition,  but  exhibiting 
various  degrees  of  alteration,  the  intensity  of  the  metamorphism  has 
been  in  direct  proportion  to  the  amount  of  water  passing  through 
the  strata. 

5th.  That  in  some  places  the  rocks  have  been  reduced  to  a  softened 
or  pasty  condition. 

3.  On  a  Cheirotheeiak  Pootprint  from  the  Base  of  the  Ketjper 
Sandstone  o/Daresbury,  Cheshire.  By  W.  C.  Williamson,  Esq., 
F.R.S.,  Professor  of  Natural  History,  Anatomy,  and  Physiology 

in  Owen's  College,  Manchester. 

[Communicated  by  the  Assistant-Secretary.^ 

(The  publication  of  this  paper  is  unayoidably  deferred.] 

[Abstract,] 

The  specimen  in  question  was  discovered  by  Mr.  J.  "W.  Kirkham,  in the  Lower  Keuper  Sandstone  at  Daresbiiry  Quarry.  It  differs  from 
all  footprints  hitherto  obtained  from  this  district,  in  being  more 
quadrate,  and  distinctly  that  of  a  scaly  animal ;  the  separated  toe  is 
also  less  recurved,  and  approaches  nearer  to  the  other  toes.     The 
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arrangement  of  the  scales  corresponds  very  closely  with  that  seen  in 
the  foot  of  the  living  Alligator ;  many  of  them  run  across  the  foot  in 
oblique  lines,  as  is  common  amongst  living  Crocodilians,  leaving  no 
room  to  doubt  that  they  represent  true  scales,  and  not  irregular 
tubercles,  such  as  are  seen  on  the  skin  of  some  Batrachians.  Traces 

of  other  impressions  of  feet  occur  on  the  slab,  particularly  an  im- 
perfect one  with  much  larger  and  more  oblong  scales,  especially  under 

the  heel ;  and  this  difference  is  so  very  similar  to  what  is  seen  in  the 
fore  and  hind  feet  of  many  Saurians,  that  Prof.  Williamson  believed 
that  they  did  not  belong  to  a  Batrachian  animal  at  all,  but  that  they 
were  Saurian,  if  not  Crocodilian,  in  every  feature. 

4.  A  Description  of  some  remarkable  ''  Heaves  "  or  Throws  in 
Penhalls  Mine.     By  J.  W.  Pike,  Esq. 

(Communicated  by  C.  Le  Neve  Foster,  D.Sc,  BA.,  F.a.S.) 

This  mine  is  situated  in  the  parish  of  St.  Agnes,  in  the  county  of 
Cornwall,  and  stands  on  the  sea-coast,  three  or  four  hundred  yards 
from  the  edge  of  a  bold  precipitous  cliff  rising  to  a  height  of  300 
feet  above  the  sea-level. 

Pryee,  in  his  valuable  old  book  *  Mineralogia  Cornubiensis,'  and 
Carne  and  Hawkins  in  papers  read  some  forty  years  ago  before  the 
Koyal  Cornwall  Geological  Society,  together  with  many  other  writers, 
refer  to  the  heaves  of  the  celebrated  Pink  lode,  which  is  now  a  part 
of  Penhalls  Mine. 

A  paper  was  also  read  in  1815  before  this  Society,  by  Mr.  John 
Williams,  entitled  "  Account  of  some  Eemarkable  Disturbances  in  the 
Veins  of  the  Mine  called  Huel  Peever,"  the  appearance  of  the 
lodes  in  which  mine  present  the  nearest  approach  to  the  dislocations 
in  the  Penhalls  district. 

The  nature  of  the  ground  or  "  country  "  is  a  light-grey,  distinctly 
stratified  "  killas"  (the  clay-slate  of  many  geological  writers,  though 
not  a  cleaved  rock)  with  a  pretty  regular  dip  towards  the  north  of 
from  20°  to  25°. 

In  the  immediate  neighbourhood  of  the  workings  the  ground  is 
traversed  by : — 

1.  Four  or  five  tin-lodes,  varying  from  4  feet  to  a  few  inches  in 
width,  dipping  north  at  about  the  same  angle  as  the  killas,  and  com- 

posed of  the  oxide  of  tin,  with  a  little  iron  and  copper  pyrites  in  the 
middle, — the  walls  or  outsides,  locally  called  capel,  being  a  hard  grey 
killas  with  quartz  and  schorl.  The  only  distinction  between  the 
different  lodes  is  in  the  appearance  of  the  tin-stone,  which  varies  in 
the  size  of  the  grain  and  in  colour. 

2.  Three  or  four  "  downright "  lodes  averaging  a  foot  in  width 
and  running  east  and  west.  Their  composition  is  something  between 

the  tin-lodes  and  the  "  gossans ;"  indeed  in  depth  they  generally 
decrease  in  size  and  pass  into  gossans. 

3.  Numerous  **  gossans"*  (lodes  or  veins),  varying  from  a  few 
^  A  gossan  in  most  parts  of  Cornwall  consists  very  largely  of  an  oohreous 
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inches  to  3  feet  in  width,  running  somewhat  about  east  and  west, 
dipping,  although  mostly  south,  at  various  angles,  and  composed  of  a 

"  voughy "  or  cavernous  quartz,  with  crystals  often  coated  with 
brown  iron-ore,  and  copper  and  iron-pyrites.  They  often  present  a 
very  irregular  appearance,  being  split  up  in  small  branches. 

4.  A  great  number  of  "  slides  "  or  faults,  of  from  3  inches  to  a 
foot  in  width,  dipping  at  various  angles,  and  mostly  with  an  east 

and  west  bearing.  There  are  some,  however,  called  "caunting" 
slides,  running  north-east  and  south-west.  They  are  formed,  no 

doubt,  by  the  dislocations  of  the  adjacent  "country,"  consisting 
as  they  do  of  decomposed  killas,  as  if  the  rock  had  been  ground 
together  and  then  acted  on  by  water. 

Lastly.  Pour  cross  courses  (north  and  south  veins),  one  only  of 
which  is  of  any  consequence.  It  averages  3^  feet  in  width,  is 
nearly  perpendicular,  and  is  filled  in  with  decomposed  killas  and 
masses  of  quartz. 

The  influence  which  these  lodes  and  veins  exert  on  each  other 

will  be  seen  in  the  transverse  sections  (figs.  1  &  2), — the  tin -lodes 

(that  is,  Cowling's)  and  the  Mat  lode  being  thrown  by  the  **  down- 
rights,"  gossans,  and  slides,  the  "  downrights  "  by  the  gossans  and 
shdes,  and  the  gossans  by  the  slides,  although  there  does  not  happen 
to  be  an  example  in  the  section  of  the  latter  case.  A  southern 
dip  in  the  traversing  vein  throws  the  lode  traversed  up  in  going 
from  S.  to  N.,  and  a  perpendicular  or  northern  dip  depressing  it ; 

in  other  words,  the  "  hanging  wall  "  of  the  traversing  vein  seems  to 
have  moved  down,  or  the  "  footwall "  to  have  moved  up — the  wider 
the  traverse  the  further  the -heave.  The  cross  course  masters  all  the 
east  and  west  veins,  throwing  them  to  the  right  hand  a  distance  of 
from  20  to  30  fathoms,  the  tin-lodes  being  thrown  further  than 
those  of  more  recent  formation.  The  cross  courses,  however,  have 

to  yield  to  the  "  caunting "  slides,  as  seen  in  an  adjoining  mine, 
which  throw  them  a  little  on  the  side  of  the  acute  angle.  The 

mineral  productiveness  of  the  tin -lodes  is  increased  by  the  proximity 
of  the  gossans,  but  not  by  that  of  the  slides. 

As  before  stated,  the  dip  of  the  "country"  is  generally  pretty 
regular ;  yet  still  very  marked  evidence  of  disturbance  can  easily  be 
perceived  in  some  places,  the  line  of  stratification  presenting  a  very 
wavy  form.  This  is  especially  seen  sometimes  near  the  gossans 
and  slides,  where,  at  the  immediate  point  of  junction,  the  beds  of 
killas  are  found  to  bend  up  on  one  side  and  down  on  the  other, 
affording  additional  proof  of  the  direction  of  the  heave.  The  relative 
ages  of  all  these  veins  may  be  at  once  determined  from  the  above 
facts.  Taking  the  well-known  law,  that  a  lode  or  vein  traversed  is 
older  than  the  one  traversing  it,  as  a  guide,  we  shall  have  : — 

1,  Tin-lodes.  4.  East  and  west  slides, 

2,  "Downrights."  6.  Cross  courses. 
3,  Gossans.  6.  "Caunting"  slides. 

Slides,  according  to  Carne,  are  generally  considered  to  be  of  more 

brown  iron-ore.     At  St.  Agnes  the  meaning  attached  to  the  term  is  somewhat 
different.  '    ' 
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recent  formation  than  cross  courses  ;  but  in  this  district  the  contrary 
seems  to  be  the  case  in  those  of  an  east  and  west  bearing.  It  is 

needless  to  state  how  perplexing  these  "  Will  o'  the  Wisp  "  kind  of 
lodes  are  to  the  miner,  no  sooner  being  found  than  lost ;  and  although 
he  may  generally  be  able  to  tell  which  way  to  turn  to  regain  them, 
yet  still  they  have  often  been  acted  on  by  so  many  conflicting  in- 

fluences that  he  is  sometimes  at  a  loss  how  to  proceed. 
An  instance  of  this  complication  can  be  seen  in  the  section  (fig.  1) 

in  the  engine-shaft,  a  little  above  the  50-fathoms  level,  where  a 

downright,  N'o.  2,  acts  on  Cowling's  lode,  throwing  it  down,  but  just misses  the  flat  lode,  which  is  caught  by  the  slide  and  thrown  up. 

Fig.  1. 

Cowlings  lode   
Flat  lode    

Downright,  No.  1 
Downright,  No.  2, 
Grossan   
Slide   

m 
Engine  shaft. 

Fig.  2. 

The  district  has  nevertheless  yielded  great  riches,  and  has  been 
worked  from  time  immemorial. 

2  o2 
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The  following  commnnications  Avere  read : — 

1.  On  the  Stetjcture  of  the  Red  Ceag.  By  S.  Y.  Wood,  P.G.S. 

Mr.  Prestwich  has,  I  believe,  for  several  years  inclined  to  the 
opinion  that  the  Eed  and  Pluviomarine  Crags  are  coeval;  but,  so 
far  as  I  am  aware,  he  has  not  expressed  that  opinion  in  print.  In 
1863  my  son  had  arrived  at  a  similar  conclusion ;  and  in  a  paper 

by  him,  published  in  the  '  Ann.  &  Mag.  Nat.  Hist.'  for  March  1864, 
he  showed  that  the  Chillesford  beds  overlie  alike  both  the  Eed  and 

Fluviomarine  Crags,  and  that  the  Eed  Crag  itself  was  not  aU  of 
one  age,  but  divisible  into  distinct  portions,  the  uppermost  of  which 
he  regarded  as  newer  than  the  Fluviomarine,  and  intermediate  in 
age  between  it  and  the  Chillesford  beds. 

In  December  1864  another  paper  by  my  son  was  read  before  this 
Society  (but  was  afterwards  withdrawn,  and  an  epitome  of  it, 
together  with  a  map  of  the  Upper  Tertiaries  of  the  East  of  England, 
printed  for  private  circulation),  wherein  he  contended  that  the  so- 
called  Weybourne  Crag,  the  Cromer  Boulder  Till,  and  the  Contorted 

Drift  formed  a  separate  series,  to  which  he  assig-ned  the  term 
*'  Lower  Drift,"  and  that  this  in  common  with  the  Eed  and  Eluvio- 
marine  Crags  was  overlain  by  the  great  body  of  sands  which  inter- 

vene between  the  Crag  and  the  Boulder-clay,  and  to  which  he  ap- 

plied the  term  "  Middle  Drift,"  distinguishing  the  Boulder-Clay  as 
the  "  Upper  Drift." 

In  November  1865  a  paper,  by  the  Eev.  0.  Eisher,  was  read 

before  this  Society  (and  published  in  their  '  Quarterly  Journal,'  Eeb. 
1866),  wherein  he  impugns  the  position  of  superiority  which  had 
been  given  to  the  Chillesford  beds,  and  assigns  their  position  in  the 
following  descending  order : — 1st,  Eluviomarine  (Norwich)  Crag  ; 
2nd,  Chillesford  Clay;  3rd,  Mya-bed  beneath  the  Clay;  4th,  Eed 
Crag. 

In  this  state  of  things  I  determined  with  my  son  to  reexamine 
the  whole  country  between  Woodbridge  and  Easton  Bavent  Cliff; 
and  the  result  of  that  examination  appeared  to  show  the  undoubted 
superiority  of  the  Chillesford  beds  to  the  Eluviomarine  Crag  in  the 
case  of  the  pit  at  Thorpe,  near  Aldborough,  as  also  in  the  pits  at  Bul- 
champ  and  Wangford. 

In  the  first  place  I  examined  and  collected  from  the  shell-bed  at 
the  foot  of  Easton  Cliff,  and  also  in  the  pit  found  by  Mr.  Eisher  at 
Yam  Hill.  I  quite  agree  with  that  gentleman  that  it  is  exactly 
the  same  bed  as  that  in  the  micaceous  sands  discovered  at  Chillesford 

by  Mr.  Prestwich  and  others  in  1849,  and  which  Mr.  Eisher 
designates  as  the  Mya-bed, — the  only  difference  being  that  the 
Easton  and  Yarn  Hill  development  of  it  points  to  a  somewhat 
estuarine  character,  by  the  absence  of  3Iya  trimcata,  so  common  in 
it  near  Chillesford,  and  by  the  substitution  for  that  shell  of  Mya 
arenaria — a  feature  which  the  Yarn-Hill  and  Easton  bed  shares 
with  what  (as  my  son  informs  me)  is  identically  the  same  bed, 
recently  discovered  by  Mr.  Eose  at  Toft  Monks,  on  the  Waveney, 
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opposite  Beccles.  The  shells  which  Mr.  Rose  has  collected  from 
this  place  (of  which  he  has  kindly  sent  me  a  list),  with  those 
collected  by  myself  and  Mr.  Fisher  at  Chillesford  and  at  Easton 
and  Yarn  Hill,  now  furnish  a  tolerably  complete  fauna  of  this 
formation. 

The  only  pits  of  the  true  Fluviomarine  or  I^orwich  Crag  (so  far 
as  my  knowledge  goes)  that  exist  in  Suffolk  are  three — one  at 
Thorpe,  near  Aldborough,  another  at  Wangford,  and  the  third  at 
Bulchamp.  In  the  case  of  the  first,  although  there  is  no  evidence 

of  oblique  bedding,  the  bed  dips  at  an  angle  of  7°  or  8°,  and  I  have 
no  doubt  that  a  slight  fault  or  upheaval  has  taken  place,  bringing 
the  Crag  to  the  surface  at  this  one  point  only,  which  is  at  some 
height  above  the  base  of  the  contiguous  cliff  at  Thorpe.  On  the 
opposite  side  of  the  railway,  however,  and  upon  the  top  of  the  hill, 
occurs  a  pit  of  the  Chillesford  Clay.  The  bed  is  unmistakeable ; 
and,  as  one  stands  at  the  edge  of  the  Clay-pit,  the  Crag  is  visible, 
in  the  hollow  below,  at  a  distance  of  about  a  quarter  of  a  mile,  so 
that  one  may  look  down  from  the  top  of  the  Chillesford  Clay,  some 
20  or  25  feet,  on  to  the  Crag  exposed  in  the  other  pit  (see  fig.  1). 

Fig.  1. — Section  showing  the  position  of  the  Thorpe  Crag-pit 
relatively  to  the  Chillesford  Clay  (3  furlongs). 

W.S.W.  E.KE, 
Clay-pit,  5  furlongs 
E.KE.  of  Aklring-  Railway-  Thorpe 

ham  Church.  cutting.  Crag-pit, 

b.  Chillesford  Clay.  I  marine  Cj-ag  and  Chillesford  Clay 
c.  Red  sands  between   Fluvio-  |  (<Z  3'  &  4'  of  Diagram). 

d.  Fluviomarine  Crag. 

A  Kttle  south  of  the  line  joining  the  two  occurs  a  pit  of  red  sand, 
belonging,  as  I  consider,  to  the  sands  intervening  between  the 
J^orwich  Crag  and  the  Chillesford  Clay ;  the  railway- cutting,  a 
furlong  still  further  south,  is  in  the  same  sands.  This  is  the  pit  in 
which  Mr.  Fisher  says  Mytili  occurred,  and  which  he  regards  as 
immediately  underlying  the  Boulder- clay ;  the  sands,  however,  I 
consider  to  be  those  intervening  between  the  Thorpe  Crag  and  the 
Chillesford  Clay. 

The  Crag  in  the  pit  at  Bulchamp,  which  is  a  few  feet  above  the 
marshes  of  the  Blyth,  has,  like  the  Thorpe  pit,  been  subject  to  some 
disturbance,  bringing  it  to  the  surface  at  this  place  only;  for  in 
none  of  the  pits  in  the  red  sand  around  at  the  same  level  does  the  Crag 
appear ;  but  in  a  pit  about  2  furlongs  to  the  north  the  Boulder- clay 
has  been  let  down  beside  the  red  sand  by  a  vertical  throw,  which, 

calculated  from  the  place  of  the  Boulder- clay  on  the  neighbouring- 
hills,  cannot  be  less  than  40  or  50  feet.  No  pit  of  Chillesford 
Clay  now  remains  open  near  enough  to  this  to  show  a  satisfactory 
section. 
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At  "Wangford  tile  Crag  is  at  the  surface  continuously  for  about  a furlong,  at  the  bottom  of  a  hill,  and  comes  out  with  the  red  sands  over 

it  immediately  above  some  marsh-ground.  On  the  opposite  side  of 
the  valley,  divided  from  the  Crag  by  this  marsh,  a  Chillesford-Clay- 
pit  occurs,  on  the  top  of  the  hill,  distant  about  half  a  mile,  occupying 
precisely  the  same  position  relatively  to  the  Crag-pit  as  does  the 
Chillesford- Clay-pit  at  Thorpe  to  the  Crag-pit  there  (see  fig.  2). 
Were  it  not  for  the  interception  of  the  view  by  a  row  of  high  trees,  a 

Fig.  2. — Section  showing  the  position  of  the  Bulchamp  and  Wangford 
Crag-pits  relatively  to  the  Chillesford  Clay  (2  miles). 

a.  Boulder-clay. 
b.  Chillesford  Clay. 
e.  Eed   sands  between riuviomarine 

Crag    and  the   Chillesford 
(d3'  and  4'  of  Diagram). 

d.  Fluviomarine  Crag. 

Clay 

spectator  standing  on  the  edge  of  the  Clay-pit  here  would  look  down 
into  the  Crag-pit  some  20  to  25  feet  below  him,  in  the  same  manner 
as  is  the  case  at  Thorpe.  Nothing  but  an  actual  vertical  section 
(which  would  require  to  be  30  feet  at  least  in  height)  could,  I  think, 
show  more  clearly  the  superiority,  in  these  places,  of  the  Chillesford 
Clay  to  the  Fluviomarine  Crag  than  do  these  two  sections.  With  re- 

spect to  the  passage  upwards  of  both  the  Fluviomarine  and  Eed  Crags 
into  the  Chillesford  beds,  it  is  only  necessary  to  observe  that  there 
is  nothing  to  indicate  any  break  either  physically  or  palaeontologically. 
In  the  case  of  the  Fluviomarine  Crag  the  interval  is  represented  by 
a  mass  of  red  sand,  of  which  abundant  sections  occur  around  Wang- 
ford  and  Bulchamp,  and  which,  as  I  have  said,  is  in  section  at  the 

My  til  US-pit  of  Mr.  Fisher  at  Thorpe,  and  in  the  adjacent  railway- 
cutting.  The  sand  containing  the  shell-bed,  which  passes  evenly 
into  the  Chillesford  Clay,  and  shells  of  which  occur  in  the  base  of  the 
clay  itself  in  the  Cliff  at  Easton,  is,  I  have  no  doubt,  only  the  upper  por- 

tion of  these  sands  ;  but  no  sufficient  section  seems  to  exist  to  show 
the  passage.  In  the  case  of  the  Red  Crag  this  interval  of  sand  is, 
as  my  son  pointed  out  to  me,  occupied  by  the  upper  or  horizontal 
portion  of  the  Red  Crag,  exposed  in  the  pit  below  the  church  at 
Chillesford — that  to  which  I  have  further  on  to  refer  as  the  Scrobi- 
cularia-crag ;  but  neither  of  us  could  form  a  positive  opinion  whether 
or  not  this  Crag  had  been  laid  dry  in  the  interval  between  its 
deposit  and  the  overspread  of  the  sand  containing  the  Chillesford 
shell-bed  (Mya-bed  of  Fisher).  Pot-holes  descend  into  it,  but  it  is 
not  altogether  clear  whether  these  are  of  the  age  of  the  sand,  or  of 
post-glacial  origin ;  the  even  bedding  of  the  sand  over  them  seems, 
however,  to  point  to  the  former.     Be  this  as  it  may,  I  do  not  regard 
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the  break,  if  break  there  be,  as  anything  more  than  the  laying  dry 
for  a  short  period  of  the  shoal-deposit  of  the  Scrobicularia-crag  prior 
to  the  overspread  of  the  sand,  and  I  now  adopt  the  view  expressed 
by  my  son  that  the  horizontal  Crag  which  rests  on  the  oblicjue  at 

Chillesford,  ''and  underlies  the  Chillesford  beds,  and  which  has 
always,  and  I  think  rightly,  been  regarded  as  part  (although  it  be 
the  uppermost  part)  of  the  Red  Crag,  is  newer  than  the  true 
Norwich  or  Fluviomarine  Crag  of  Thorpe  and  Wangford. 

The  palaeontological  aspects  presented  by  the  Eed  Crag,  however, 
are  the  principal  objects  to  which  I  desire  to  call  attention,  as 
affording  evidence  of  one  of  the  most  rapid  changes  in  a  fauna,  when 
measured  by  the  vertical  thickness  of  the  beds  furnishing  it,  that 
geology  affords ;  and  as  the  most  convenient  and  concise  way  of 
representing  the  beds  between  the  base  of  the  Crag  and  the  Boulder- 
clay,  to  the  lower  portion  of  which  my  observations  refer,  my  son 
has  prepared  the  annexed  diagram,  with  a  list  of  the  various  sections 
from  which  it  results,  embodying  the  succession  and  relationof  these 
various  beds  according  to  his  latest  researches  (see  pp.  548,  549). 

In  the  case  of  the  Coralline  Crag,  we  have  evidence  that  it  contains 
the  exuviae  of  animals  the  most  removed  from  our  own  marine  fauna, 
in  the  fact  that  in  it  are  the  remains  of  27  genera  that  are  extinct 
in  the  British  seas  : — 

^tCultellus.  Nucinella.  *Pleurotoma. 

*Panop8ea.  Hinnites.  Cassidaria. 
Pholadomya.  Lingula.  Terebra. 
Coralliophaga.  Orbicula.  ifColumbella, 
Chama.  Sigaretus.  Triton. 

■sfrCardita,  ^Pyramidella.  Pjrula. 
Verticordia.  Fossarus.  ^Voluta. 

Erycinella.  ^Cancellaria.  Ditrupa. 
ifScintilla.  ieEingicula.  Cleodora. 

The  genera  marked  with  an  asterisk  are  represented  at  Walton-on-the-Nazc. 

From  this  it  is  fair  to  infer  that  this  Crag  belonged  to  a  period  long 
antecedent  to  the  deposition  of  the  Eed.  Indeed  so  far  as  the  word 

"  Crag"  indicates  any  material  affinity  between  the  two  formations 
it  misleads,  since,  remote  as  it  is,  and  severed  from  the  present  time 
by  a  considerable  sequence  of  deposits  and  events,  the  oldest  part  of 
the  Red  Crag  is  less  removed,  palaeontologically,  from  the  present 
time  (and  far  less  so  from  the  Chillesford  beds)  than  it  is  from  the 
Coralline  Crag  thus  associated  with  it  in  name,  but  dissociated  from 
it  in  fact.  The  Red  Crag,  on  the  other  hand,  contains  within  itself 
the  evidence  of  a  transition  by  stages,  from  the  oldest,  where  its  affi- 

nities were  to  some  extent  with  the  coralline,  and  in  a  greater  extent 
with  the  existing  Mediterranean,  to  its  newer  stages,  in  which  the 
shells  are  very  few  and  confined  to  types  peculiarly  northern .  Of  these 
stages  the  oldest  and  best-marked  is  that  of  Walton-on-the-j^aze : 
this  Crag  contains  a  fauna  presenting  a  facies  strongly  indicative  of 
an  origin  or  connexion  with  more  temperate  seas  ;  and  although  there 
is  an  absence  from  this  bed  of  not  less  than  17  of  those  27  genera 
before  mentioned  as  belonging  to  the  Coralline  Crag  (a  few  of  which 
may  perhaps  be  due  to  difference  in  depth  of  deposition),  still  the 
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presence  of  such  species  as  Ovula  sjpelta,  Natica  millepunctata,  Tapes 
teoaturatus,  and  Cardita  corhis,  now  found  only  in  the  Mediterranean, 
gives  a  presumption  that  the  seas  which  deposited  these  fossils  were 
older  than  any  other  parts  of  the  Eed  Crag.  But  the  aspect  of  this 
portion  of  the  Crag  is  not  more  marked  by  the  presence  of  such 
forms  as  these,  than  it  is  by  the  entire  absence  from  it  of  those 
species  whose  connexion  is  now  with  the  colder  regions  of  the  north, 
such  as  Panojpcea  Norvegica,  Trntonium  antiquum  (dextral  var.),  Lecla 
laneeolata,  and  others ;  and  it  may  be  more  especially  remarked  that 
in  the  Walton  Crag  there  has  not  been  obtained  a  single  unequivocal 

specimen*  of  any  species  of  the  genus  Tellina,  while  the  shells  in 
the  upper  beds  of  the  Eed  Crag  are  composed  mainly  of  individuals 
of  one  or  other  of  the  species  of  that  genus. 

List  of  Species  of  MoUusca  from  the  Crag  at  Walton-on-tTie-Naze. 
(a  denotes  abundance.) 

Univalves. 

Ovula  spelta,  Linn. 
Cyprgea  avellana,  J.  Sow. 
  Europsea,  Mont. 

Yoluta  Lamberti,  J.  Sow. 
Columbella  sulcata,  J.  Sow. 
Nassa  conglobata,  £roc. 
  elegans,  Leathes. 
  granulata,  J.  Sow. 
  propinqua,  J.  Sow. 

a.    reticosa,  J.  Sow. 
Buccinum  undatum,  var.  striatum, 

a.  Buccinopsis  Dalei,  J.  Sow. 
Q,.  Purpura  tetragona,  J.  Sow. 
  lapillus,  Linn. 
Murex  tortuosus,  J.  Sow. 

(I.  Tritonium  antiquum,  var,  contrarium. 
  buccinatum  ? 
  costiferum,  S.  Wood. 
Trophon  muricatum,  Mont, 
Mangelia  Boothii,  Smith. 
  cancellata,  J.  Sow. 
— —  Igevigata,  Phil. 
  mitrula,  J.  Sow. 
^   turricula,  Mont. 
Cancellaria  coronata,  Scacchi. 
Cerithium  variculosum  (Hma  ?). 
  granosum,  S.  Wood. 

Cerithium  tricinctum,  Brocchi. 
Turritella  incrassata,  J.  Sow. 

Aporrbais  pes-pelicani,  Linn. 
Odostomia  unidentata,  Mont. 
Pyramidella  Iseviuscula,  S.  Wood. 
Eulima  polita,  Linn. 
Leptoxis?  terebellata,  Nyst. 
  ?  pendula,  S.  Wood. 
  ?  suboperta,  J.  Sow. 
Trochus  einerarius,  Linn. 
  cineroides,  S.  Wood. 
  zizipbinus,  Linn. 

  papillosus  ?,  Bacosfa. 
  subexcavatus,  S.  Wood. 
  Adamsoni,  Payr. 
Natica  catenoides,  S.  Wood. 
  hemiclausa,  J.  Sow. 
  heHcina,  Broc. 

  multipunctata,  var.  1 
  millepunctata  J 

Capulus  XJngaricus,  Linn. 
  obliquus  (Piliscus  ?). 
  mihtaris,  Mont. 

Calyptrsea  chinensis,  Linn. 
Tectura  virginea,  Mull. 
Emarginula  fissura,  Linn. 
Fissurella  Grasca,  Linn. 
Actaeon  Nose,  J.  Sow. 
Conovulus  pyramidaUs,  J.  Sow. 

Anomia,  sp. 
Ostrea  edulis,  Linn. 
Pecten  opercularis,  Linn. 
  pusio,  Pennant. 
  tigrinus,  Milll. 

Bivalves. 

Lima  exilis,  S.  Wood. 
  Loscombii,  J.  B.  Sow. 
Mytilus  edulis,  Linn. 
Modiola  barbata,  Linn. 
  costulata,  Risso. 

*  There  is  one  specimen  of  T.  prcetenuis  in  my  cabinet  with  the  locahty  of 
Walton  attached,  but  it  is  of  so  old  a  date  that  I  have  now  no  recollection  of  it. 
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Modiola  marmorata,  Forbes. 
Pectunciilus   glycimeris,   var. 

obliquus. 
Area  lactea,  Linn. 
Nucula  Igevigata,  J.  Sow. 
Kellia  suborbicularis,  Mont. 
Scintilla  ambigua,  Ni/st. 
Montacuta  bidentata,  Mont. 
Lucina  borealis,  Linn. 
Cardium  edule,  Linn. 
  Parkinsoni,  J.  Sow. 
  venustum,  S.  Wood. 
Cardita  (senilis)  sulcata? 
■   scalaris,  Leathes. 
  corbis,  Philippi. 
Astarte  Basterotii  ?,  Lajonk. 
  incrassata,  Broc. 
  crebrilirata,  S.  Wood. 
  gracilis?,  Milnst.,  var. 
  obliquata,  J.  Sow. 
  triangularis,  Mont. 
Astarte  digitaria,  Linn. 
Cyprina  Islandica  ?,  fragment. 
  rustica,  J.  Sow. 
Tapes  virgineus,  Linn. 
  texturatus,  Lam. 

Bivalves  {continued). 
!         Venerupis  Irus,  Linn. 

sub-  Cytherea  rudis,  Poli. 
Venus  fasciata,  Dacosta. 
  imbricata,  J.  Sow. 

'..  Artemis  lentiformis,  J.  Sow. 
  lincta,  Pulteney. 
Gastrana  laminosa,  J.  Sow. 
Tellina  crassa,  Penn. 
Abra  alba,  W.  Wood. 
  fabalis,  ?  S.  Wood,  var. 
Mactra  areuata,  J.  Sow. 
  truncata,  ?  ovalis. 
  deaurata,  Turt.{^die  J.  Brown). 
Solen  gladiolus,  Gray. 
  ensis,  Linn. 
Cultellus  tenuis,  Phil. 
Cochlodesma  complanatum, 

S.  Wood. 
Pandora  pinna,  Mont. 
Corbula  gibba,  Olivi. 
Corbulomya  complanata,  J.  Sow. 
Panopsea Faujasii?,  Men. dela  Groy. 
Saxicava  rugosa,  Linn. 

.  Pholas  cylindrica,  J.  Sow. 
  crispata,  Linn. 
Terebratula  grandis,  Blumen. 

The  next  well-marked  division  of  the  Eed  Crag  is  that  from  which 
I  obtained  the  principal  part  of  the  fauna  described  in  the  '  Mono- 

graph of  the  Crag  Mollusca.'  It  occupies  the  country  lying  between 
the  Stour  and  Deben,  as  well  as  the  left  bank  of  the  estuary  of  the 
Deben ;  and  its  richest  development  in  the  yield  of  mollusca  is  on 
either  side  of  that  estuary.  In  physical  structure  it  is  unlike  that 
of  Walton  (which  is  principally  stratified  horizontally,  and  due  to 
subaqueous  deposit),  and  possesses  for  the  most  part  that  highly 
oblique  bedding  which  I  now  believe  can  have  originated  only  in 
heach-action.  In  this  crag  we  have  the  intermingling  of  the  greater 
proportion  of  the  Walton  fauna  with  that  northern  fauna  which 
forms  the  preponderating  or  characteristic  feature  of  the  succeeding 
horizons,  to  which  I  have  hereafter  to  refer. 

In  the  Sutton  Crag  the  following  species,  common  or  not  un- 
frequent  at  Walton,  have  never  been  found  by  me  except  under  the 
suspected  character  of  derivatives  from  the  Coralline  Crag—  Ovula 
spelta,  Columhella  sulcata,  Nassa  elegans,  Natica  catenoides,  If.  multi- 
punctata,  Nucula  Icevigata,  Cardium  ParMnsoni,  and  others ;  while 
on  the  other  hand  the  following  species,  foreign  to  the  Walton  deposit, 
occur,  viz.  Tritonium  antiquum  (dextral  var.),  Cardium  Groenlan- 
dicum,  Leda  lanceolata,  L.  limatula,  Cardium  angustatum,  Tellina  lata, 
T.  obliqua,  T.  proetenuis,  Mactra  ovalis,  Mya  arenaria,  M.  truncata, 
and  others.  The  peculiarly  northern  forms,  however,  so  charac- 

teristic of  the  higher  horizons,  are  comparatively  rare,  and  the  whole 
facies  of  the  fauna  presents  the  appearance  of  that  transitional  state 
which  is  intermediate  between  the  more  southern  or  Mediterranean 

fauna  of  Walton  and  the  more  peculiarly  British  and  northern  aspect 
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afforded  by  the  Crag  of  Butley,  which  I  have  now  to  mention.    It  will 
he  convenient  for  reference  if  I  designate  this  as  the  Sutton  Crag. 

The  district  intervening  between  the  banks  of  the  Deben  and  the 

exposure  of  the  Eed  Crag  around  Butley  is  occupied  by  high  heath- 
land  formed  of  the  sands  interposed  between  the  Crag  and  Boulder- 
clay  ;  and,  the  coast-line  corresponding  to  it  being  low,  we  have  no 
recurrence  of  the  Eed  Crag  until  we  come  upon  that  exposed  by  the 
denudation  of  the  Aide  valley  around  Butley,  Chillesford,  and 
Sudboum.  The  Crag  there,  although  in  physical  structure  entirely 
resembling  that  between  the  Deben  and  the  Stour,  possesses  a 
dissimilar  fauna.  In  it  there  are,  however,  many  of  the  forms 
which  characterize  the  Sutton  Crag ;  yet  they  are  subordinate  to 
those  of  northern  aspect,  which  begin  here  to  preponderate.  For 
instance,  although  Pectunculus  glycimeris,  which  is  so  abundant  in 
both  the  Walton  and  Sutton  horizons,  is  present,  and  in  the  lower 
part  of  the  Butley  Crag  not  uncommon,  yet  it  becomes  subordinate 
to  such  forms  as  Tellina  ohliqua,  T.prcetenuis,  and  Cyprina  Islandica, 
which  here  begin  greatly  to  prevail.  In  the  upper  portions  of  this 
Crag,  namely  that  upon  which  at  Chillesford  and  Tunstall  Heath  the 
Scrobicularia-crag  rests,  this  feature  is  yet  more  marked,  and  the 
Pectunculus  becomes  a  rare  shell,  while  My  a  truncata,  Tellina  ohliquxi, 
T.  prcEtenuis,  T.  lata,  Cyprina  IsUuulica,  and  Macira  ovalis,  which 
form  an  enormously  preponderating  proportion  of  the  Chillesford 
bed  (e  of  diagram),  become  especially  abundant.  This  is  the  Crag 
which  is  found  at  the  base  of  the  pit  below  Chillesford  church,  in 
several  of  the  pits  in  Butley  j)arish,  and  in  that  one  pit  near  Sud- 

boum church  in  which  the  Eed  Crag  is  seen  resting  on  the  Coralline. 
It  also  occurs  in  a  run-down  pit  upon  Tunstall  Heath. 

Besting  upon  this  Crag,  in  the  pit  under  Chillesford  church, 
occurs  the  uppermost  portion  of  the  Eed  Crag.  It  is  slightly  oblique 
at  the  base,  but  becomes  horizontal  in  its  upper  beds,  gradually  losing 
that  red  colour  to  which  the  Eed  Crag  owes  its  name.  The  actual 
horizon  at  which  this  Crag  sets  in  is  marked  in  a  distinct  manner 
by  the  incoming  of  a  shell  not  yet  found  in  the  lower  horizon,  namely 
Scrobicularia  piperata.  This  shell,  although  thus  abruptly  appearing, 
occurs  in  profusion,  and  in  association  almost  exclusively  with  those 

forms  which  greatly  preponderate  in  the  Chillesford  beds,  namely  Cy- 
prina Islandica,  Mactra  ovalis,  Tellina  ohliqua,  T.  lata,  T.pratenuis, 

and  J/yrt  truncata.  These  shells  form  almost  the  entire  fauna  of  the 
uppermost  portion  of  the  Eed  Crag,  sho^ving  a  great  contrast  to  the 
richer  fauna  of  the  older  horizons.  The  Scrobicularia  again  becomes 
extremely  rare  in  the  Chillesford  beds.  Only  one  other  pit  is  known 

to  me  in  which  this  Crag  occui's :  it  is  on  Tunstall  Heath,  distant  6  fur- 
longs N.E.  by  E.  from  Chillesford  church,  marked  on  the  Ordnance 

Map  ''Sandpit."  Divided  from  this  Crag  by  only  about  4  or  5  feet  of 
brown  sand,  occurs  the  tnie  Chillesford  bed  described  by  Mr.  Prest- 
wich  in  1849,  and  industriously  searched  by  me  afterwards.  The 
fauna  derived  from  this  bed  (e  of  diagram)  and  from  the  other  ex- 

posures of  the  same  formation  in  northern  Suffolk  is  contained  in 

the  subjoined  list : — 
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Buccinum  undatum,  Linn   
Tritonium  antiquum,  Linn   , 
Purpura  lapillus,  Linn   
Cerithium  tricinctum  ?,  Brocchi 
Turritella  communis,  Bisso    
Litorina  litorea,  Linn   
Natica  catena  ?,  Ba  Costa    
  Guillemini   

  clausa,  Brod.  8c  Sow   
  helicoides,  Johnston    
Actaeon  tornatilis,  Linn   , 

Ringicula  buccinea   
Paludina  lenta      

Succinea  oblonga      
Mytilus  edulis,  Linn   
Pecten  opercularis,  Linn   , 

  tigrinus,  Milller   , 
Modiola  discrepans  ?,  Mont   , 
Nucula  Cobboldiae,  J.  Sow   , 

  tenuis,  Mont   
Leda  lanceolata,  J.  Sow   

  limatula  (myalis)    , 
  semistriata,  S.  Wood   
Cardium  edule,  Linn   
  fasciatum,  Mont   
  Groenlandicum,  Chemn   
Cardita  senilis,  J.  Sow   , 
  scalaris      , 
Scintilla  ambigua,  Nyst   , 
Lucina  borealis,  Linn   , 

Cyprina  Island ica,  Linn   , 
Astarte  sulcata,  Da  Costa    

  compressa,  Mont   
Tellina  crassa,  Pennant   

  lata,  Gmel   
  obliqua,  t/;  Sow   
  prae  tenuis,  Leathes   , 
Mactra  ovalis,  J.  Sow   
  subtruncata       , 
Scrobicularia  piperata,  Gmel.    . . 
Abra  alba,  W.  Wood    , 
Panop^ea  Norvegica, 
Corbula  gibba,  Oliv. 
Mya  arenaria,  Linn. 
  truncata,  Linn. 

Rare. 

Rare. 

N.  Alderi?  (Fisher.) 

(Fisher.) 
(Fisher.) 
(Fisher.) 

Not  uncommon. 
Ld. 

Fragments. 

(S.  P.  Woodward.) 

Fragments. 

Abundant. Id. 
Id. 

Id. 

(Fisher.) 
One  specimen. 

Abundant. 

Besides  the  above,  Mr.  John  Taylor,  of  Norwich,  has  given,  from 
what  he  terms  the  Upper  Crag  at  Bramerton,  Postwick,  and  Thorpe 
(which  niy  son  regards  as  the  Chillesford  bed),  Astarte  borealis , 
Lucina  divaricata,  Scalaria  Groenlandica,  and  Calyptrcea  sinensis. 

In  addition  to  this,  Mr.  Eose  has  sent  me  the  names  of  the 

following  species   from  Toft  Monks,  from  the  "  Lower  bed ;"  but 
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as  this  may  not  improbably  belong  to  the  horizon  of  the  Fluvio- 
marine  Crag  itself,  or  at  least  of  the  sand  intervening  between  that 
Crag  and  the  Chillesford  beds,  I  append  them  separately,  viz. : — 

Pecten  opercularis.  Circe  minima. 
Pinna.  Donax  trunculus. 
Nucula  nucleus.  Saxicava  rugosa. 
Leda  myalis.  Clavatula  turricula. 
Diplodonta  rotundata.  Caneellaria  costellifera. 
Venus  ovata.  Scalaria  Groenlandica. 
Tapes  perovalis  (?).  Eingicula  buccinea. 

The  foregoing  list  from  Toft  Monks  is  entirely  on  the  authority  of 
Mr.  Eose ;  the  others  are  upon  my  own,  unless  where  otherwise 
expressed. 

With  respect  to  the  false-bedded  and  horizontal  or  water-depo- 
sited Crag,  which  seems  to  occur  in  channels  cut  through  the  obhque 

or  Beach  Crag  of  Sutton,  and  at  the  base  of  which  only  the  Coprolite- 
beds  occur,  it  is  difficult  to  bring  it  into  a  satisfactory  correlation 
with  any  of  the  other  horizons  to  which  I  have  alluded.     The  bed 
is  composed  of  such  degraded  materials,  being  in  the  upper  part 
almost  entirely  comminuted,  that  one  cannot  resist  the  inference 
that  it  has  been  derived,  in  great  measure,  from  the  destruction 
and  redeposit  of  the  material  of  the  oblique  Crag  which  surrounds 
it.    Erom  this  circumstance,  its  fauna  cannot  be  satisfactorily  arrived 
at,  as  the  greater   portion   may  be,  and   probably  is,   derivative; 
added  to  which,  the  existence  of  the  phosphatic  nodule-band,  with 
its  miscellaneous  assemblage  of  fossils  of  various  ages,  marks  it  as 
something  altogether   distinct  from  the  beds  of  the  Red  Crag   in 
contact  with  it.     I  have  myself  verified  the  fact  which  has  been 

pointed   out,  that   angular   and   apparently  ice-borne   chalk-flints 
occur  in  it ;  and  this  circumstance  would  certainly  seem  to  point  to 
its  age  being  rather  that  of  those  upper  horizons  which  I  have 
described,  in  which  the  northern  forms  prevail,   and  where  ice- 
transport  came  into  action,  than  that  of  the  surrounding  oblique- 
bedded  Crag  of  Sutton,  in  which  so  large  a  proportion  of  the  more 

southern  types  that  are  peculiarly  the  characteristic  of  the  "Walton Crag  are  intermingled :  and  it  may  be,  as  my  son  supposes,  that  the 
lower  part  of  this  Crag  is  the  water-deposited  equivalent  of  the 
highly-beached  and  oblique  Crag  of  Butley  and  Chillesford,  and  the 
upper  that  of  the  Scrobicularia-Crag.     Certain  it  is  that,  unlike  the 
oblique  Crag,  which  everywhere  presents  a  rugged  surface  to  the  red 
sands  which  overlie  it,  this  phosphatic  nodule-crag  passes  up  into 
those  sands  by  interbedding. 

EXPLANATION  OF  THE  DIAGEAM  SECTION. 

By  S.  V.  Wood,  Jun.,  Esq.,  F.G.S. 

The  line  of  section  starts  north  from  a  point  about  6  miles  south-west  of 
Chelmsford,  and  proceeds  through  Chelmsford  and  Witham  to  Colchester; 
then  turning  east,  reaches  the  sea  near  Walton  Naze.  It  proceeds  thence  to 
near  Woodbridge,  whence  it  turns  north-east,  and  reaches  the  coast  again  at 
Aldborough,  which  it  follows  as  far  as  Pakefield,  whence,  turning  north-west, 
it  is  carried  through  Beccles,  Rockland,  Bramerton,  Brundall,  and  Thorpe,  to 
Norwich.  Proceeding  thence  in  a  northerly  direction  through  Wroxham, 
Coltishall,  and  North  Walsham,  it  reaches  the  coast  again  at  Hasborough,  and 
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follows  tlie  coast  to  Weybourne,  and,   running  thence  parallel  to  the  coast, 
terminates  near  Wells. 

a,  Chalk,  b,  London  Clay,  c,  Coralline  Crag,  d,  Eed  and  Fluviomarine 
Crag,  divided  as  follows : — d},  Walton  Crag ;  d^,  Sutton  oblique  or  Beach  Crag ; 
d'^,  Butley  oblique  or  Beach  Crag ;  d-^+,  Horizontal  Crag,  with  phosphatic  nodule- 
band  at  the  base ;  #,  Scrobicularia-crag,  slightly  oblique  at  the  base,  but  hori- 

zontal in  the  upper  part;  d^+,  Alternations  of  sand  and  comminuted  shell 

overlying  phosphatic  nodule-Crag  (equivalent  of  d^) ;  d"^',  Fluviomarine  Crag ; 
d;^'  and  d^',  Unfossiliferous  sand  (equivalents  of  d^  and  d^) ;  these  sands  are 
20  feet  and  more  in  thickness  around  South  wold  and  Aldborough,  but  attenuate 
near  the  edge  of  the  Crag  in  Norfolk,  thinning  there  from  11  to  4  feet  in 
different  sections,  e,  Chillesford  shell-bed  ( J:^a-bed  of  Fisher ;  and  at  Bra- 
merton,  Postwick,  and  Thorpe  near  Norwich,  this  is  the  Upper  Crag  of 
J.  Taylor) ;  this  bed  is  not  constant,  although  the  sand  containing  it  is  so :  the 
prevalent  shells  of  this  bed  are  Tellina  obliqua,  T.  jprcBtenuis,  T.  lata,  Cardium 
edule,  Purpura  crispata,  Litorina  litorea,  Cyprina  Islandica,  Mactra  ovalis,  and, 
at  Chillesford,  Mya  truncata :  the  Tellina  prevail  over  all  others ;  mammalian 

remains  occur  in  it  at  Chillesford,  Easton  Chff,  and  Saxlingham ;  e'.  The  Chil- 
lesford Clay;  laminated  clay  interbedded  with  sands  at  the  top;  the  base  of 

this  clay  contains  in  places  the  shells  of  e.  /,  The  Bure-valley  beds :  these  are 
fossiliferous  only  in  places,  and  only  where  they  rest  on  the  chalk,  the  shells 
occurring  in  small  patches ;  they  consist  of  sands  with  shingle-beds :  the  pre- 

valent shells  are  Tellina  obliqua  (very  common),  Cyprina  Islandica,  and  Car- 
dium edule  ( T.  pratenuis  and  T.  lata  cease  to  prevail) :  these  beds  are  often 

considerably  indented  into  ef.  g.  The  Lower  Drift,  or  Lower  Glacial,  divided 
as  follows : — g^,  The  Weybourne  sand ;  this  thins  out  between  Mundesley  and 
Bacton.  East  of  Cromer  it  is  generally  stained  with  the  debris  of  beds  dd,  and 
becomes  in  places,  particularly  towards  Mundesley,  laminated  with  clay  bands, 
in  which  condition  it  forms  the  laminated  beds  of  the  Kev.  J.  Grunn.  Between 
Cromer  and  Weybourne  it  (or  at  least  the  base  of  it)  forms  the  Norwich  Crag 
of  Samuel  Woodward,  of  Sir  Charles  Lyell,  and  of  the  Eev.  J.  Gunn.  The 
prevalent  shells  are  Tellina  obliqua,  Cyprina  Islandica,  Purpura  crispata, 
Cardivm  edule,  and  Tellina  Balthica  (solidula),  which  latter  shell  here  makes 
its  appearance  in  profusion.  The  occurrence  of  this  shell  at  any  lower  horizon 
is  doubtful ;  and  if  it  does  occur,  it  must  be  excessively  rare.  It  is  given  by 

S.  P.  Woodward  from  Postwick  "top  bed;"  and  a  specimen  is  in  the  Norwich 
Museum,  marked  from  Coltishall;  but  these  are  doubtful  localities.  Tellina 

lata  and  T.  pratenuis  have  either  disappeared  at  the  horizon  of  g^,  or  become 
too  rare  to  be  readily  detected.  It  also  yields  mammalian  remains,  g'^.  The 
Cromer  Boulder-Till  (Boulder-clay  of  Sir  Charles  Lyell  and  Lower  Boulder- 
clay  of  the  Eev.  J.  Gunn).  This  at  one  extremity  passes  into  a  white  marl, 
formed  of  redeposited  chalk  finely  ground  up.  g^,  The  Contorted  Drift.  This 
bed  ceases  to  be  contorted  east  of  Mundesley,  and  becomes  regularly  and  closely 
stratified.  Between  the  termination  of  the  coast-section  (at  Hasborough)  and 
North  Walsham,  it  passes  into  a  tenacious  green  Brick-clay;  approaching  the 
coast,  near  Yarmouth,  it  changes  to  a  reddish  sandy  brick-earth,  and  further 
south  into  red  sand.  West  of  Weybourne  it  changes  into  chalky  loam  and 

sand  with  chalk-grains,  g^.  Intermediate  beds  of  gravel  occupying  deeply-cut 
troughs  through  g'^  and  g^  and  underlying^,  h,  Middle  Drift  or  Middle Glacial:  sand  and  gravel.  This  bed  is  chiefly  fine,  light,  yellow,  siliceous 
sand ;  but  towards  London,  and  where  present  in  the  more  central  counties,  is 
extensively  interbedded  with  gravels,  and  sometimes  with  thin  beds  of  sandy 
brick-earth,  i.  The  Upper  Drift  or  Upper  Glacial,  being  the  widespread  true 
Boulder-clay,  of  great  thickness  before  denudation,  dd.  The  Forest- bed  and 
gravel,  containing  fluviatile  shells  and  mammalian  remains,  being  probably 
the  land  equivalent  of  the  beds  from  d^  to  /.  This  has  been  destroyed  in  part 
by  the  waters  of  g^.  N.B.  The  so-called  Forest-bed  at  Easton  Bavent  is  a 
post-glacial  and  very  recent  peat,  occupying  the  valley-bottoms  and  occurring 
on  the  beach  only  in  the  places  where  the  valleys  open  to  the  sea.  The  dotted 
lines  show  the  continuation  of  deposits,  where  their  distinctive  characters  are 
obscure,  or  where  they  are  represented  only  by  an  undistinguishable  mass  of 
sand,  except  in  the  case  of  the  Fluviomarine  Crag  (d^'),  which  may  not  be 
continuous,  but  possibly  the  deposit  of  more  than  one  estuary. 
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The  perpendicular  lines  in  the  diagram  indicate  the  sections  afforded  at  the 

following  places : — 
1.  That  by  numerous  pits  south-west  of  Margarettmg,  in  Essex. 
2.  That  by  Margaretting  railway-cutting  and  by  pits  in  the  Chelmer  valley 

above  Chelmsford. 

3.  That  by  the  railway-cuttings  and  by  pits  between  Chelmsford  and  Marks  Tey. 
N.B.  h  is  unavoidably  represented  too  thin  in  the  above  localities. 

4.  That  by  the  cuttings  near  Colchester. 
5.  That  by  the  cuttings  of  the  Tendring  Hundred  Railway,  between  Colchester 

and  Thorington. 

6.  That  by  Frinton  Cliff,  near  Walton-on-the-Naze ;  h  remains  here  in  patches  of 
only  a  few  feei  in  tliickness,  capped  by  a  warp  containing  fragments  of  i. 

7.  That  by  Walton-on-the-Waze  Cliff.     The  beds  e'  here  overlap  the  Crag  and 
rest  on  the  London  Clay  to  the  south,  but  not  at  the  north  end  of  the 
cliff;  e  occurs  in  a  few  faint  patches  only,  and  the  shells  are  too  decayed 
for  extraction. 

8.  That  by  Bawdsey  Cliff. 
9.  That  by  a  pit  immediately  on  the  Sutton  side  of  the  Woodbridge  ferry,  and 

by  a  pit  a  furlong  south  of  Ferry  farmhouse,  Sutton.  In  the  former  pit 

the  beds  e'  are  slipped  from  their  place,  and  are  marked  by  a  clump  of 
trees  growing  on  them,  but  in  the  latter  are  in  situ. 

10.  That  by  the  pit  at  Wilford  Bridge  over  the  Deben,  and  by  numerous  pits  in 

Ufford  adjoining.  The  Crag  is  found  by  digging  in  the  Wilford-Bridge 
pit.  (The  vertical  line  10  should  have  been  drawn  only  into  the  upper 

part  of  d^.) 
11.  That  by  the  Coprolite  workings  of  Sutton,  Shottisham,  Foxall,  Newbourn, 

and  Brightwell. 
12.  That  by  the  pits  at  Butley,  near  the  Abbey,  and  near  the  Oyster  Inn. 
13.  That  by  the  pit  behind,  and  by  that  below  Chillesford  church.     N.B.  The 

Boulder-clay  (i)  has,  by  a  down-throw,  been  slid  obliquely  on  to  e'  in 
the  former  pit ;  but  i  and  h  may  be  seen  in  their  true  relation  in  a  pit 

distant  one  furlong  N.N.W.  i  may  also  be  seen  faulted  down  beside  d^^ 
and  ̂ ^'  in  a  pit  (marked  "  Sand  pi  f  in  the  Ordnance  map)  by  the  river, 
9  furlongs  E.S.E.  of  Chillesford  church. 

14.  That  by  a  pit  7  furlongs  N.E.  by  N.  of  Sudbourn  church. 
15.  That  by  several  pits  in  Iken  and  in  parts  of  Sudbourn  from  2  to  3  miles 

N.  and  N.E.  of  Sudboui-n  church.  N.B.  By  reason  of  the  tortuous 
boundary  afforded  by  the  ridge  of  Coralline  Crag  rock  to  the  bay  in  which 
the  Eed  Crag  was  accumulated,  the  Eed  Crag  reenters  the  district,  as  a 

spit,  near  Section  14,  and  does  so  again  in  small  dimensions  at  Aid- 
borough.     This  is  not  shown  in  the  diagram. 

16.  That  by  the  clay-pit  5  furlongs,  and  by  the  (Thorpe)  crag-pit  one  mile 
E.N.E.  of  Aldringham  church,  and  by  the  sand-pits  and  railway-cutting 
south  of  the  crag-pit. 

17.  That  by  the  country  between  the  clay-pit  and  the  v^est  side  of  Aldringham 
Green. 

18.  That  by  Dunwich  Cliffs.     N.B.  g^  is  represented  in  these  cliffs  by  a  dark- 
orange  sand  which  comes  up  in  the  southern  part  of  the  cliff-section  ;  h  is 
very  thick  hei'e  (about  50  feet),  i  occurs  for  a  few  yards  only,  and  imme- 

diately north  of  the  ruins.  There  is  also  a  deep  bed  of  post-glacial  gravel 
under  the  ruins,  and  a  later  post-glacial  yellow  loam,  as  well  as  a  black 
warp  over  all. 

19.  That  by  Southwold  Cliff.     The  cliff  is  too  obscure  to  show  whether  the  sand 

forming  much  of  it  is  h,  or  is  post-glacial ;  but  at  the  north  end  (at  the 
kiln)  i,  together  with  thick  post-glacial  beds  capping  it,  and  containing 
fresliwater  shells,  has  been  thrown  nearly  into  the  vertical. 

20.  That  by  the  clay-pit  2  furlongs  east,  and  the  crag-pit  4  furlongs  nortli-east, 
of  Henham-Park  farm ;  and  by  various  sand-pits  along  the  Blyth  valley. 

N.B.  i  may  be  seen  faulted  down  beside  d^'  and  d^'  in  a  pit  by  the  farm- 
house 3  furlongs  E.S.E.  of  Bulchamp  Workhouse,  and  the  same  distance 

N.N.E.  of  the  Bulchamp  crag-pit.  A  pit  of  oblique-bedded  rounded 
pebbles  occurs  close  to  the  101  milestone,  E.  of  Henham  Hall,  and  another 
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C  furlongs  N.N. W.  of  it,  which  are  worthy  of  special  visit ;  the  latter 
shows  continuous  oblique  bedding  in  a  vertical  section  of  25  feet.  They 

seem  to  be  beaches  of  the  age  of/,  but  may  be  of  that  of  d"^.  In  the  clay- 
pit  a  piece  of  the  upper  bed  of  e'  has  been  transported,  dropped  again, and  interbedded  with/. 

21.  That  by  Easton  Bavent  Cliffs. 
22.  That  by  Coveliithe  Cliff.     N.B,  There  is  a  bed  of  loam,  sometimes  contorted, 

resting  on  a  denuded  surface  of  e'  at  the  north  end  of  Easton  and  south 
end  of  Covehithe  Cliff;  but  it  seems  to  be  post-glacial  and  to  have  no 
connexion  with^^.  There  is  also  a  post-glacial  gravel-capping  to  the 
cliff,  and  a  more  recent  sand  in  the  valley-depression.  Similar  sections 
to  21  and  22  occur  in  several  brick-fields  between  Wangford  and 
Frostenden. 

23.  That  by  Pakefield  Cliff,     if"  comes  up  at  the  base  of  the  cliff,  but  is  better 
exposed  at  Corton  Ciitf,  6  miles  further  north  (and  out  of  the  line  of 
section),  where  it  is  at  one  part  contorted,  with  gravels  in  the  con- 

tortions ;  h  is  here  thinner,  varying  from  25  to  35  feet. 
24.  That  by  the  Brick-field  at  Toft  Monks,  near  Beccles,  5  furlongs  N.N.W.  of 

the  110th  railway  mile-post.  N.B,  The  gravels  capping  e  in  the  section 
are  not  the  bed  /,  but  post-glacial.  Post-glacial  gravels  also  occur  in  a 
pit  immediately  north  of  the  kiln,  sharply  faulted  down  beside  h.  By 
ascending  from  the  Brick-field  for  a  furlong,  the  beds  up  to  and  in- 

cluding i  are  passed  over. 
25.  That  by  the  Brick-field  at  Ingate,  Beccles. 
26.  That  by  numerous  pits  near  Eockland  Staith,  and  in  Surlingham  (6  miles 

east  of  Norwich).  In  one  pit  at  Rockland  Staith,  g^  is  faulted  down 
beside  /.  In  a  pit  at  Surlingham  Wood  the  upper  beds  of  e'  are  late- 

rally squeezed  up,  the  lower  remaining  horizontal.  The  upper  beds  of  c' 
are  also  much  eroded  by  the  shingle-beds  of/  The  sections  in  h  and  i 
are  on  the  top  of  the  hill. 

27.  That  by  the  Bramerton  Crag-pit. 
28.  That  by  the  hill  descending  to  the  Crag-pit. 
29.  That  by  the  pits  behind  Brundall  Station,  and  beside  the  railway  4  fur- 

longs west  of  that  Station. 
30.  That  by  the  Crag-pit  at  Thorpe,  near  Norwich.     N.B.  The  Postwick-Grove 

Crag-pit  adjoining  includes  from  c?2'  to  e  only.  In  the  section  in  the  pit 
east  of  Postwick  Church  d?' ,  d?\  and  (^^'  seem  absent,  and  e  to  rest  on  the 
chalk,  showing  the  rapid  approach  of  the  edge  of  the  deposit.  The  same 
is  the  case  at  Saxlingham,  which  is  out  of  the  line  of  section.  At  the  pits 
on  Smockmill  Common,  Saxlingham,  the  shells  are  in  a  friable  condition, 
and  e  is  sand ;  but  at  the  pits  3  furlongs  W.N. W.  and  5  furlongs  S.W. 
by  W.  respectively  from  the  Baptist  Meeting-house,  Saxlingham,  e  is  in 
the  condition  of  gravel  with  mammalian  remains,  e  at  these  places 

resting  on  the  Chalk,  e'  caps  e  in  all  the  pits  at  Saxlingham,  although 
its  development  is  feeble. 

31.  That  by  the  Brick-earth -pit,  2  furlongs  N.N.W.  of  the  Thorpe  Crag-pit,  and 
the  Brick-field  one  furlong  further  N.N.W. 

32.  That   by  numerous   chalk-quarries  and  brick-pits    near  Bishop's  Bridge, Norwich,  and  on  the  Catton  side  of  Mousehold  Heath.  N.B.  The  Heath 
itself  is  capped  by  a  very  deep  bed  of  post-glacial  gravel. 

33.  That  by  the  Brick-fields  at  Plumstead  Street,  6  miles  north-east  of  Norwich. 
34.  That  by  the  Brick-pits  \  mile  north  of  Wroxham  Bridge,  by  Horstead  Marl- 

staith,  and  by  the  Lime-  and  Brick-kiln  immediately  north  of  Coltishall 
village.  N.B.  It  is  only  in  this  neighbourhood  that  the  bed /has  yielded 
fossils. 

35.  That  by  the  heath-country  between  Westwick  and  North  Walsham. 
36.  That  by  two  deep  pits  6  furlongs  south-east  of  North  Walsham. 

37.  That  by  the  Brick-pits  and  Marl-pits  in  the  valley  of  North  Walsham.    g'^ 
occurs  here  in  the  form  of  very  chalky  marl  coming  out  in  the  bottom  of 
the  valley. 

38.  That  by  Edingthorpe  Heath. 
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39.  That  by  the  Brick-pit  on  Edingthorpe  Heath,  6  furlongs  E.  by  N.  of  Austin 
Bridge ;  a  sharp  anticlinal  a  few  yards  wide  brings  ̂ ^  to  the  surface  here. 

40.  That  by  Hasborough  Cliff.    The  upper  part  of  g^  here  consists  of  finely  strati- 
fied silt,  which  in  places  is  deeply  denuded,  the  base  of  h  occupying  the 

denuded  depressions,  in  some  of  which  partial  bands  of  brick-earth  occur, 
which  form,  I  believe,  the  Upper  Boulder-clay  of  Mr.  Gunn  at  this  place. 

41 .  That  by  the  Cliff  north-west  of  Bacton,  east  of  Field  Barn. 
42.  That  by  the  Cliffs  further  west,  and  N.N.E.  of  Field  Barn. 

43.  That  by  the  Cliff  near  Mundesley.    g^^  which  has  hitherto  been  regularly 
stratified,  begins  to  become  contorted.  IST.B.  There  is  a  post-glacial  bed 
in  the  valley  at  Mundesley. 

44.  That  by  the  Cliff  near  Beacon  Hill,  Trimmingham.    g^  here  cuts  in  places 
through  g'^  into  g"^ ;  the  dimensions  of  the  diagram  do  not  permit  of this  being  represented.  N.B.  g\  which  has  hitherto  been  black  with  the 
debris  of  dd,  becomes  yellow  sand  and  ceases  to  be  laminated. 

45.  That  by  Felbrigg  Heath. 

46.  That  by  the  Cliff  near  Cromer,    g'^  is  here  and  in  Nos.  47  and  48  divided 
from  Ti  by  an  indurated  gravel-pan.  N.B.  Between  44  and  46,  g'  again  be- 

comes stained  with  the  debris  of  dd  and  partially  laminated. 
47.  That  by  the  Cliff  near  Sherringham. 
48.  That  by  the  Cliff  near  Weybourne.     N.B.  Midway  between  47  and  48, 

g^  begins  to  lose  its  contortions,  and  to  become  stratified  again  ;  g^  and 
g^  also  become  difiicult  of  distinction,  and  together  to  assume  the  con- 

dition of  chalky  loam. 
49.  That  by  Weybourne  and  Kelling  Heaths. 
50.  That  by  Salthouse  Heath. 

51.  That  by  various  pits  in  the  valley  of  the  Grlaven.    g^  and  g"^  are  here  repre- sented only  by  chalky  loam,  or  marl,  with  occasional  beds  of  chalky  sand. 
52.  That  by  Saxlingham  Heath  (6  miles  from  Weybourne). 

The  section  as  it  stands  in  No.  52  is  continued  west  to  Wells,  except  that  h  is 

almost  wholly  denuded,  g'^  and  g^  occupying  the  surface  of  the  country  through 
Field  Balling,  Binham  Abbey,  and  Wigton.  In  a  pit  4  furlongs  east  of  Copy's 
Green,  Wigton,  a  sand  comes  up  beneath  g"^  and  g^  (which  are  represented  by  a 
sandy  chalky  loam).     This  may  be  the  recurrence  of  ̂ ^  at  this  part. 

By  the  Railway-cutting  east  of  Wells  Town  a  very  fine  section  is  afforded  of 

g"^  and  g^,  in  the  form  of  a  chalky  loam  resting  on  the  chalk  and  partially 
underlain  by  boulder-gravel.  South  and  south-west  of  Wells,  h  comes  on  again 
in  thickness  at  HolkJiam  Triumphal  Arch  and  near  Fakenham. 

By  the  term  "post-glacial"  is  meant  beds  that  have  been  deposited  sub- 
sequently to  the  great  denudation  which  ensued  upon  the  close  of  the  formation 

of  i.  None  of  these  appear  in  the  Diagram,  which  represents  the  state  of  things 
at  the  commencement  of  the  formation  of  i. 

It  will  be  seen  by  the  above  that  the  Chillesford  beds,  e  and  e\  and  the  sand- 
and  pebble-beds,  /,  which,  by  reason  of  their  strict  conformability  to  the  base  of  h 
over  the  crag  area,  were  treated  in  the  ''  EemarJcs  in  exjpJanatiori  of  the  Map  of 
the  Upper  Tertiaries  of  the  Counties  of  Is  or  folk,  Suffolk,  Essex,  Middlesex,  Hert- 

ford, Cambridge,  Huntingdon,  and  Bedford,  with  parts  of  those  of  Buckingham 

and  Lincoln,  and  accoonpani/ing  sections,"  as  belonging  to  the  lower  part  of  h, 
are  no  longer  so  regarded.  Their  true  position  in  the  sequence  of  deposits  has 
been  arrived  at  by  tracing  the  thick  Contorted  Drift  of  the  coast,  through  a 
series  of  unequivocal  sections,  into  the  comparatively  thin  bed  of  brick-earth 
which  overlies  the  sand  and  pebble-beds,  /,  near  Norwich. 

This  modifies  the  interpretation  put  in  the  "  Eemarks  "  upon  Nos.  9,  10,  14, 
24,  and  25  of  the  sections  accompanying  them,— -^  in  that  part  of  section  9, 

which  is  near  Norwich,  comprising  the  beds  e,  e',  f  and  g^  of  the  above  Diagram ; 
and  in  the  western  part  of  section  10  the  beds  /  and  g^,  in  addition  to  the 
Middle  Drift  h ;  while  in  section  14  it  includes  at  Sudbourn,  Aldborough,  Thorpe, 

Easton,  and  Covehithe  the  beds  e,  e',  and/;  and  at  Kessingland  and  Corton  the 
beds  g'-^  and  h.  In  section  24,  k  represents  d^'  d^',  e,  and  part  of  e',  and  in section  25  the  beds  from  the  base  of /to  the  middle  of  h. 



1866.]  FISHER   WARP.  553 

2.  Note  on  Supposed  Remains  of  the  Crag  on  the  North  Downs  near 
Folkestone.  By  H.  W.  Bristow,  Esq.,  F.R.S.,  F.G.S. 

On  my  return  to  London,  after  an  excursion  made  in  May  1857, 
in  company  with  Sir  Charles  Lyell,  Professor  Ramsay,  and  Messrs. 
Prestwich  and  Godwin-Austen,  to  the  district  of  Kent,  from  which 
fossils  had  been  got  which  were  thought  to  be  of  the  age  of  the  Crag, 
I  made  a  memorandum  on  the  subject,  of  which  the  following  is  a 

copy  :— 
"  With  regard  to  the  sands,  &c.,  seen  at  Paddlesworth  and  else- 

where, accompanied  by  thin  bands  of  iron-grit,  I  have  seen  nothing 
from  which  it  would  be  at  all  reasonable  to  infer  that  the  beds  in 

question  were  any  other  than  those  of  the  Lower  Tertiary  (that  is, 
of  the  Woolwich  and  Reading  series),  occurring  in  their  proper  posi- 

tion on  the  denuded  surface  of  the  Chalk. 

"  Beds  like  the  Paddlesworth  ferruginous  sands  occur  in  the  Hamp- 
shire Basin,  where  a  part  of  the  Woolwich  and  Reading  series  is 

represented  by  ferruginous  clayey  sands,  with  masses  of  ferruginous 

grit,  (fcc*.  Another  strong  resemblance  is  also  borne  by  these  last 
beds  to  those  of  Paddlesworth  in  the  red  colour  of  the  sands,  as  may 
be  observed  more  particularly  at  Whiteparish,  in  Wiltshire,  where  it 
would  seem  that  when  the  mottled  clays  are  replaced  by  sands  the 
colouring  matter  is  often  persistent  although  the  mineral  character 
of  the  rock  varies.  With  regard  to  the  greater  development  of  ferru- 

ginous grit  at  Paddlesworth,  that  alone  is  not  enough  to  afford  re- 
liable evidence  one  way  or  the  other,  and  in  either  case  it  might  be 

a  mere  local  condition  over  the  particular  area  in  question,  iron 
being  more  or  less  diffused  throughout  the  lower  London  Tertiary 
beds — in  some  cases  (as  in  that  of  the  basement  bed  of  the  London 
Clay  over  a  small  area  in  Dorsetshire)  to  the  extent  of  furnishing  a 
very  rich  bed  of  iron-ore,  which,  under  favourable  circumstances, 
would  prove  highly  valuable  for  smelting-purposes. 

"  If  these  Kentish  beds  can  be  proved  to  belong  to  any  other  mem- 
ber of  the  Tertiary  series,  it  is  only  to  be  done  by  a  careful  exami- 

nation of  the  evidence  given  by  the  fossils.  There  ought  to  be  little 
difficulty  in  this,  from  the  very  great  interval  between  the  two  sets 
of  strata,  and  from  the  fact  that  about  50  per  cent,  of  recent  forms 

ought  to  be  found  in  beds  of  the  age  of  the  Lower  Crag." 
P.S. — Prom  an  examination  of  the  fossils  shown  to  him  at  that 

time,  Mr.  W.  H.  Baily  believed  them  to  be  of  London-Clay  age. 

3.  On  the  Warp  {of  Mr.  Trimmer) — its  Age  and  probable  Con- 
nexion ivith  the  Last  Geological  Events.  By  the  Rev.  0.  Fisher, 

M.A.,  F.G.S. 
[Abridged.] 

I  AM  not  aware  that  any  geologist  since  the  late  Mr,  Trimmer  has 

*  The  ferruginous  bands  at  Paddlesworth  are  not  seen  to  be  fossiliferous ;  and 
the  fossiliferous  ironstone  from  the  pot-holes  at  Lenham  is  not  seen  in  place, 
and  may  therefore  belong  to  any  period. 

2p2 
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devoted  a  paper  to  the  elucidation  of  the  subject  of  what  he  has 

called  the  "  warp  "  or  the  "  warp  of  the  drift"*.  In  his  paper  "  On 
the  Soils  of  Kent "  he  lamented  the  slight  attention  that  had  up  to 
that  time  been  paid  to  "  the  period  which  intervened  between  the 
desiccation  of  the  bed  of  the  glacial  sea  and  the  commencement  of 

the  historic  era  of  geology."  Had  Mr.  Trimmer  lived  until  the  pre- 
isent  day,  he  would  have  seen  the  earlier  part  of  that  period  receive 
at  least  its  due  share  of  attention.  The  closing  portion  of  it,  which 
saw  the  formation  of  that  warp  or  subsoil  on  which  the  fertility  of 
our  fields  chiefly  depends,  has  not,  so  far  as  I  know,  received  any 

particular  attention  since  Mr.  Trimmer's  valuable  labours  were  pre- 
maturely terminated. 

My  attention  has  for  some  time  past  been  attracted  to  this 
subject,  and  in  my  paper  on  the  Brick-pit  at  Lexdenf  I  hinted 
at  its  importance  as  containing  records  of  the  latest  geological 
changes. 

Mr.  Trimmer  appears  not  to  have  arrived  at  any  satisfactory  conclu- 

sion as  to  the  causes°°which  have  produced  the  warp.  He  says,  *'The 
majority  of  soils  and  subsoils  in  the  British  Isles  are  composed  only 
in  part  of  the  debris  of  the  rocks  on  which  they  rest,  and  in  part  of 
materials  transported  from  various  distances  by  forces  of  consider- 

able intensity,  differing  from  ordinary  atmospheric  action,  which 
were  in  operation  at  the  close  of  the  glacial  period.  I  have  called 

these  results  the  warp  of  the  drift  or  the  erratic  warp"t«  But  he 
leaves  us  in  ignorance  as  to  the  nature  of  these  forces,  further  than 

that,  in  his  "  Geology  of  Norfolk  "  (Journ.  Agric.  Soc.  vol.  vii.  p.  465), 
he  says  that  "  it  appears  to  have  been  a  deposit  from  turbid  waters 
returning  to  a  state  of  tranquillity."  Nevertheless,  in  his  paper  "  On 
the  Soils  of  Kent,"  first  referred  to,  he  speaks  of  the  great  variability 
of  soil  within  a  few  acres.  This  is  a  well  known  fact,  and  appears 
incompatible  with  the  explanation  of  the  warp  being  thrown  down 
from  a  flood  of  turbid  water,  which  must  have  produced  very  equable 
soils  over  moderate  areas. 

In  stating  that  the  warp  differs  more  or  less  from  the  subsoil  on 
which  it  rests,  Mr.  Trimmer  adds  that  "  on  sands  it  contains  a 
greater  mixture  of  argillaceous  matter,  producing  a  sandy  loam  of 
different  degrees  of  adhesiveness ;  on  clay  it  contains  an  admixture  of 
sand,  producing  a  clay  loam,  or,  at  any  rate,  clays  less  adhesive  than 
than  those  of  the  subsoils." 

These  remarks  are  undoubtedly  just.  The  warp  is  influenced  in 
its  character  by  the  stratum  on  which  it  rests,  but  at  the  same  time 
often  contains  ingredients  which  cannot  have  been  derived  from  it. 

Whence,  then,  have  these  ingredients  come  ? 
It  is  well  known  that  the  surface  of  the  subjacent  stratum,  wher- 

ever it  is  of  a  soft  nature,  such  as  clay,  sand,  gravel,  or  chalk,  is 
worn  into  furrows  and  hollows,  sometimes  into  pits  and  pipes.  The 
sections  I  have  chiefly  had  an  opportunity  of  studying  for  the  pur- 

pose of  this  paper  have  been  in  clay,  sand,  and  gravel,  which  have, 

*  Quart,  Journ.  Geol.  Soc.  vol.  vii.  p.  31 . 
t  Ibid.  vol.  xix.  p.  396.  J  Loc.  cit -p.  32. 



1866.  J  .  FISHER   WARP.  555 

for  my  present  purpose,  an  advantage  over  calcareous  strata,  in  that 
they  are  not  soluble  by  water,  and  the  phenomena  therefore  are  less 
complicated.  As  far  as  my  observations  extend,  I  have  found  that 
cylindrical  pits  and  pipes  are  generally  confined  to  soluble  beds,  and 
that  the  normal  form  of  the  cavities  in  clays,  sands,  and  gravels  is 
that  of  troughs  or  furrows*.  They  are  usually  filled  vsdth  materials 
derived  from  some  neighbouring  higher  ground,  and  consequently 
generally  differing  from  the  subjacent  stratum  at  that  spot ;  and  it  is 
by  the  admixture  of  the  contents  of  the  furrows  with  the  material  of 
the  subjacent  stratum  that  the  warp,  which  is  derived  from  the  two 
conjointly,  comes  to  contain  materials  mixed  in  a  different  propor- 

tion from  that  in  the  subjacent  bed. 
These  furrows  must  be  important  indications  of  the  mode  of  de- 

nudation of  those  surfaces  where  they  occur ;  nevertheless,  being 
simply  the  tool-mark  of  the  last  agent  which  has  moulded  the  sur- 

face, if  we  could  determine  from  them  what  that  was,  we  need  not 
exclude  other  and  different  ones  which  may  have  preceded  it. 

For  the  sake  of  a  name  I  shall  call  the  materials  which  fill  these 

furrows  the  "  trail."  And  I  will  now  give  a  few  examples  of  them 
in  diagram. 

Fig.  1. — Section  of  a  furrow  which  crosses  the  Tendring  Hundred 
Railway,  near  Great  Bentley  Church,  Essex. 

- —   —   — — — — —   .  Eailway. 

It  is  7  feet  deep,  full  of  grey  sandy  and  gravelly  clay  {h),  eroded  in  brown  sands 
(c).  The  warp  (a)  covers  it.  There  is  a  layer  of  pebbles  at  the  bottom  of 
the  furrow,  and  roots  have  penetrated  throughout  it.  The  gravel  is  more 
angular  than  that  of  the  glacial  drift  from  which  it  has  been  derived,  many  of 
the  rounded  pebbles  having  been  broken  up  into  angular  fragments. 

At  the  gravel-pit.  Ballast  Quay  Farm,  near  Wivenhoe,  Essex,  two 
masses  of  trail  have  been  left,  being  too  clayey  for  use.  They  are 
parallel  to  each  other ;  one  of  them  is  fifty  yards  long,  the  other  not 
much  less.  Erosion  has  gone  on  beneath  them,  which  is  shown  by 
the  pebbles  of  the  warp,  and  also  of  the  trail,  lying  in  festoons. 
They  are  inclined  at  a  small  angle  to  the  surface-drainage.  They 
occur  in  sandy  glacial  gravel. 

*  For  examples  of  these  troughs,  see  figs.  1  and  5.  London  clay  dug  for 
ballast  at  Bentley  Tey,  near  G-reat  Bentley,  to  the  depth  of  5  feet,  exposed  a 
section  of  a  furrow  ten  yards  long  and  a  yard  wide,  running  in  the  direction  of 
the  drainage  of  the  surface. 
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And  first,  as  I  have  already  observed,  the  trail  is  derived  from 
some  not  very  distant  point  of  higher  ground. 

Secondly,  where  the  trail  contains  pebbles  it  will  be  noticed  that 
their  axes,  more  frequently  than  not,  deviate  from  the  horizontal 
position. 

Thirdly,  the  trail  sometimes  contains  portions  of  incoherent  beds, 
which  nevertheless  are  not  scattered  and  disseminated  as  would  be 

Pig.  2. — Section  of  Trail  in  a  Pit  east  of  Chillesford  Church,  Suffolk. 

a.  Warp  defined  by  an  intermittent  layer  of  pebbles  of  chalk  and  small  flints. 
b.  Trail  from  Boulder-clay  with  chalk  and  oolitic  pebbles  and  fossils. 
c.  A  layer  of  drift  from  the  Chillesford  Clay. 
h'.  Drift  from  the  Boulder-clay,  a  repetition  of  b. 
d.  Chillesford  Clay. 

Fig.  3. — Section  of  Trail  at  Calne  Railway -station,  Wilts. 

a.  Warp.  b.  Trail  of  red  sandy  gravel.  c.  Coral  rag. 

Fig.  4. — Section  of  Trail  at  Woking,  Surrey. 

;i^-£2^=^^  _  b.  Trail,  with  axes  of  peb- 
^'J-=ir^i.-=s  -•  bles  mostly  vertical. 
S'~   -^~^  c.  Sandy  clay  horizontally 
:i^~ — '~  stratified.   The  locality "^"  ~  is  nearly  level. 

the  case  if  they  had  been  water-drifted.  I  have  noticed  this  fact,  espe- 
cially, in  some  Crag-pits  in  Suffolk.  For  instance,  in  the  large  Coral- 

line Crag-pit  near  Aldborough,  Mr.  S.  Y.  Wood,  jun.,  has  mentioned 
patches  of  what  he  supposes  to  be  Red  Crag,  and  also  phosphatic 
nodules,  overlying  the  Coralline.  Both  of  these  occur  in  the  trail. 

The  so-called  Eed  Crag  probably  consists  of  a  portion  of  the  Mya- 
truncata  bed,  which  would  occur  in  ordinary  sequence  a  furlong  or 
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so  up  the  hill.  The  drifted  fragment  is  much  distorted,  but  never- 
theless not  scattered.  There  are  similar  patches  of  this  bed  in  the 

trail  in  an  old  Crag-pit  on  the  Saxmundham  road,  about  a  mile  and  a 
half  from  Aldborough. 

A  similar  case  was  seen  by  Mr.  Boyd  Dawkins  and  myself  at 
Walton-on-the-Naze,  where  an  angular  lump  of  London  Clay,  about 
eighteen  inches  in  diameter,  was  entirely  enveloped  in  a  mass  of 
gravelly  trail. 

Fig.  5. — Section  across  a  furrow  of  Trail  covered  hy  Warp,  left 
standing  after  the  removal  of  the  surrounding  gravel  for  ballast, 
Wivenhoe,  Essex. 

a.  Warp. 

b.  Trail. 

The  position  of  the  pebbles  in  the  trail,  and  still  more  so  the  con- 
torted but  unscattered  condition  of  incoherent  material,  show  that 

the  trail  has  been  transported  in  a  plastic  state  (as  mud)  moving  by 
its  own  gravity,  or  else  pressed  onwards  by  some  other  agent. 

Fig.  6. — Section  of  Trail  near  Villa  Farm,  Tendring  Hundred Railway. 

.:vj>-.v  ..■.;.-.:_; ->:?^     a.  Warp. 
:;V«/;^'?,.-:V:':'?:?:^;'f^'''.-     b.  Trail  of  sandy  gravel. 
;;r^-.0;'i..-.'-V;-.v,\-v.:;T;-:3;     <?•  London  clay, 

d.  Weathered  surface  of 

London  clay,  full  of 
Slickensides. 

I  can  cite  instances  which  prove  that  considerable  force  has  been 
involved  in  this  process.  In  a  railway- cutting  near  Wivenhoe, 
in  Essex,  I  found  at  the  side  of  a  valley  one  of  these  farrows  in 
London  clay,  about  13  feet  deep,  filled  with  such  sand  and  gravel  as 
caps  the  tableland  around.  The  clay,  for  the  thickness  of  4  or  5 
inches,  was  kneaded  into  a  plastic  state,  laminated,  and  full  through- 

out of  polished  surfaces  of  slickensides,  showing  that  the  trail  which 
filled  the  furrow  had  been  pushed  forwards  under  great  pressure, 
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and  had  carried  forward  with  it  the  surface  on  which  it  rested.  A 

few  pebbles,  which  had  become  engaged  in  the  claj,  had  received  a 
considerable  amount  of  polish.  The  weathering  extended  about  as 
far  as  the  clay  had  been  moved.  A  specimen  of  this  clay  is  depo- 

sited in  the  Society^s  Museum.  Similar  instances  were  seen  by  Mr. 

Boyd  Dawkins  and  myself  at  Walton-on-the-jS'aze,  and  by  Professor Liveing  and  myself  at  Aldborough. 
It  is  very  desirable  that  the  trail  should  diligently  be  searched  for 

organic  remains.  As  yet  I  have  never  seen  any  vestiges  of  such, 
either  animal  or  vegetable,  within  it.  It  will  constantly  be  found 

filled  with  roots ;  but  that  is  owing  to  its  inviting  theii'  presence  by 
the  subterranean  drainage  caused  by  the  usual  clayey  lining  of  the 
bottom  of  the  furrows. 

As  far  as  I  have  had  opportunities  of  examining  the  furrows,  I 
have  noticed  that  they  are  largest  and  most  numerous  in  the  neigh- 

bourhood of  valleys,  and  are  either  parallel  or  inclined  at  a  small 
angle  to  them.  If,  as  I  believe,  they  are  connected  with  the  pheno- 

mena of  denudation,  this  is  what  we  should  expect. 
If  there  ever  was  formerly  a  universal  spread  of  trail  over  the 

general  surface  of  the  land,  it  has  now  disappeared,  and  the  only 
remains  of  it  are  to  be  found  in  the  furrows,  which  lie  deeper  than 
the  latest  general  denudation  has  extended. 

There  can  be  no  doubt  that  these  furrows,  with  the  trail  which 
they  contain,  are  older  than  the  warp,  and  that  their  contents  have 
contributed  to  form  the  warp  or  general  subsoil ;  and  thus  we  see  the 
reason  why  the  surface-soil  sometimes  varies  so  remarkably  over 
limited  areas ;  for  these  patches  of  trail  are  not  universal,  and  where 
they  occur  they  influence  the  composition  of  the  soil  to  considerable 
but  not  to  great  distances. 

There  can,  I  think,  be  not  much  doubt  that  there  was  a  time 

when  our  country  was  comparatively,  if  not  entirely,  bare  of  the  pre- 
sent covering  of  vegetation ;  for  the  denudation  which  formed  these 

furrows  can  hardly  be  supposed  consistent  with  a  clothing  of  turf  or 
forest.  When  the  more  severe  climatal  conditions,  whatever  those 
may  have  been,  which  conduced  to  the  denudation  had  passed  away, 
the  country  would  become  gradually  covered  with  vegetation,  and 
the  work  of  rain  and  rivers  and  frost,  under  their  more  ordinary 
conditions,  would  commence  to  modify  the  form  and  state  of  the 
surface. 

Let  us  now  consider  the  final  preparation  of  the  warp.  Conceive 
the  face  of  the  country,  as  the  denuding  forces  left  it,  consisting  of 
the  bare  rock,  thinly  covered  in  places  by  the  trail  of  material  left  be- 

hind by  that  agency,  and  in  places  occupied  by  furrows,  or  shallow 
hollows,  filled  with  similar  stuff.  This  is  the  foreign  material  to  be 
incorporated  with  the  subjacent  rock  to  form  the  warp. 

Atmospheric  causes  have  operated  from  that  distant  day  to  the 
present  in  bringing  about  the  result.  Rain  and,  during  drought, 
winds  have  tended  to  spread  the  finer  materials  of  the  surface. 
Frost  has  affected  the  envelope  as  far  as  it  could  penetrate,  mixing 
the  natural  rock  with  the  adventitious  matters.     After  vegetation 



1866.] FISHER   WAKP. 559 

had  commenced,  roots  have  played  an  important  part  in  the  work, 

and  the  earthworm,  as  Darwin  first  pointed  out  *,  has  contributed  a 
by  no  means  inconsiderable  share  to  the  general  result. 

Of  these  agents  I  will  touch  only  upon  the  work  of  frost  and  rain. 
And  first  of  frost.  Suppose  a  mass  of  loam  containing  a  pebble  to  be 

frozen,  what  takes  place  ?  The  loam,  by  virtue  of  the  water  which  it 
contains,  expands,  and  this  expansion  necessarily  takes  place  entirely 
upwards.  The  pebble  does  not  expand.  The  consequence  must  be 
that  some  of  the  loam,  which  surrounded  the  pebble  laterally,  will  be 
pressed  over  its  upper  surface.  When  the  thaw  occurs  the  soil  sinks 
again,  and,  there  being  now  more  material  above  the  pebble  than  be- 

fore, it  is  forced  to  imbed  itself  at  a  lower  level.  There  is  another 
action  which  conduces  to  the  same  result.  The  frost  enlarges  in 
every  direction  the  hole  in  which  the  pebble  lies.  As  soon  as  the 
ice  melts,  the  pebble  sinks  to  the  bottom  of  the  hole,  by  this  means 
gaining  a  depression  equal  to  the  thickness  of  the  coating  of  ice 
which  surrounded  it.  The  subsequent  rain  and  the  subsidence  of  the 
soil  fill  up  the  vacuity. 

It  is  evident  that  from  this  cause  the  larger  stones  will  descend 
faster,  because  their  relative  displacement  in  the  general  loam  will 
be  in  proportion  to  their  linear  dimensions  ;  and  the  materials  of  the 
warp  will  be  arranged  vertically  according  to  the  relative  magni- 

tude of  the  constituents,  to  whatever  depth  the  frost  may  penetrate  : 
and  we  may  expect  to  find  a  layer  of  stones  in  its  lower  part,  as  in 
fact  we  do. 

This  action  will,  however,  be  modified  by  the  eiFects  of  rain.  For 
that,  on  the  other  hand,  carries  down  the  finer  particles  of  the  soil 
through  the  interstices  among  the  coarser  materials,  and  fills  the 
spaces  which  the  frost  opens ;  and  the  examination  of  the  warp  be- 

neath a  lens  reveals  this  arrangement  of  the  finest  clay  enveloping  the 
sandy  particles.  Pebbles  taken  out  of  the  warp  are  also  covered 
with  a  fine  polished  coating  of  clay.  Hence  any  layer  of  clay, 
however  thin,  originally  on  the  surface  will  be  distributed  equably 
throughout  the  whole  depth  of  the  warp. 

The  erect  position,  already  noticed, 
of  the  included  pebbles,  is  in  many  cases 
common  to  the  warp  as  well  as  to  the 
trail.  This  effect  is  probably  not  always 
produced  in  the  same  way.  The  fol- 

lowing appear  to  be  some  of  the  possible 
causes  of  the  phenomenon. 

It  is  well  known  that  a  plate,  or 
other  heavy  lamina,  will  sink  through 
water  with  its  plane  horizontal.  In  the 
same  manner  a  pebble  of  an  elongated 
elliptical  form  would  sink  through  water 
with  its  axis  horizontal.  But  if  it  sank 

through  mud  the  friction  would  play  a 
more  important  part  than  the  resistance, 

*  Transactions  Geol.  See.  2nd  ser.  vol.  v.  p.  505. 

Fig.  7. — Diagram  illustra- 
ting the  motion  of  a  pebble 

in  a  plastic  medium. 
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especially  if  its  motion  were  slow ;  and  the  effect  of  friction  would  be 
to  place  the  pebble  on  end.  It  will  be  easily  seen  in  the  figure  that 
the  friction  throughout  the  portion  a  will  tend  to  place  the  axis 
horizontal,  while  that  throughout  h  will  tend  to  place  it  vertical.  It 
is  evident  that  the  latter  will  preponderate. 

I  doubt,  however,  whether  in  nature  we  have  cases  of  pebbles 
which  have  been  arrested  while  descending  by  their  own  gravity. 
The  action  of  frost,  as  indicated  already,  seems  to  be  a  more  probable 
cause  of  their  descent ;  and  their  verticahty  may  be  thus  accounted 
for.  The  upward  motion  of  the  matrix,  while  expanding  under  the 
influence  of  frost,  will  be,  relatively  to  the  pebble,  gradually  increa- 

sing from  its  lowest  point  upwards.  The  friction  will  therefore  be 
greater  towards  the  upper  end  of  the  pebble,  and  the  effect  will  be 
similar  to  that  just  described,  but  more  considerable. 

It  will  be  observed  that  the  pebbles  near  the  sides  of  a  furrow  of 
trail  are  more  generally  vertical  than  those  in  its  more  central  parts. 
This  has  arisen  from  the  dragging  of  the  materials  from  above  down- 

wards against  the  wall  of  the  cavity,  while  it  was  being  widened 
and  deepened.  If  a  line  be  drawn  through  the  centre  of  the  pebble 
parallel  to  the  section  of  the  side  of  the  cavity,  the  motion  of 
the  particles  of  the  matrix  between  this  line  and  the  wall  will,  from 
the  retarding  effect  of  friction  against  the  wall,  be  less  than  on  the 
further  side.  Now,  since  the  pebble  tends  to  partake  in  the  motion 
of  the  enveloping  matrix,  it  is  clear  that  the  effect  produced  wiU  be 
a  tendency  to  roll  it  over,  in  the  same  direction  that  a  pebble  would 
roU  down  the  wall  of  the  furrow.  This  tendency  to  roll,  however,  will 
be  resisted  by  the  imperfect  mobility  of  the  particles  of  the  matrix 
inter  se ;  and  the  resistance  will  be  the  greater  the  more  the  figure 
of  the  pebble  deviates  from  sphericity.  It  seems,  then,  that  when  the 
pebble  has  assumed  a  position  in  which  the  moment  of  the  rolling 
force  is  so  far  reduced  by  its  position  as  to  be  counterbalanced  by 
this  resistance,  it  wiU  remain  permanently  so,  and  move  forward 
Avithout  further  rolling.  The  position  in  question  will  be  one  in 
which  the  longer  axis  is  approximately  parallel  to  the  wall  of  the 
cavity.  And  hence  the  pebbles  at  the  sides  wiU  be  more  or  less 
nearly  vertical. 

Though  I  cannot  give  any  measurements,  I  may  observe  that  the 
effects  of  frost  seem  to  have  extended  at  the  time  the  warp  was 
formed  much  deeper  than  they  do  at  present. 

Mr.  Trimmer  has  noticed,  in  his  paper  "  On  the  Soils  of  Norfolk  " 
(Journ.  Eoyal  Agricultural  Society,  vol.  vii.  pt.  2),  that,  as  a  rule, 
the  warp  is  thicker  upon  the  tablelands,  thinner  on  the  flanks  of 
hills,  and,  again,  thicker  in  the  bottoms  of  valleys.  In  short,  there 
has  been  a  slow  drifting  action  from  the  higher  to  the  lower 
grounds ;  and  it  will  accordingly  be  observed  that  the  warp  on  the 

sides  of  hills  and  at  their  feet  tallies  less  "with  the  fundamental  rock, 
but  consists  chiefly  of  the  materials  brought  from  the  higher  grounds. 
How,  then,  does  this  drifting  take  place  ?  Unless  I  am  mistaken,  it 
is  partly  subterranean.  Every  one  must  have  noticed  the  singularly 
eroded  line  of  junction  often  existing  between  the  warp  and  the 
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subsoil.  This  I  believe  to  be  the  sections  of  channels  of  drainage, 
and  that  the  drainage  carries  forward  some  material  with  it.  Some 
such  action  as  this  may  account  for  the  flat-topped  elevations,  like 
the  tenons  in  the  framework  of  a  dissected  puzzle,  which  often  occur 
in  or  near  the  line  of  junction  of  the  warp  with  the  subsoil,  espe- 

cially (if  I  mistake  not)  where  the  latter  contains  calcareous  matter 
and  has  suffered  partial  solution.  The  erosion  at  the  bottom  of  two 
contiguous  subterranean  channels  would  leave  an  elevated  ridge  be- 

tween them,  and  the  superincumbent  soil  sinking  in  a  general  mass 
would  then  flatten  the  crest  of  the  ridge.  By  a  continuance  of  such 
a  process,  with  slightly  shifting  directions  in  the  drainage,  those 
complicated  foldings  would  be  formed  the  cause  of  which,  at  first 
sight,  seems  so  incomprehensible. 

Fig.  8. — Section  of  a  Pit  in  Victoria  Road,  Cambridge, 

e  '°.  ̂ 

a.  Warp. 

b.  White  sandy  brick-earth. 
c.  Yellowish  sandy  earth. 
d.  Fine  sandy  gravel. 
e.  Yellowish  brick-earth. 
/.  Fine    gravel,  more   contorted  than   the 

layers  above  and  below. 

g.  Sand. The  sands  contain  Bythinia,  &c. 

Contortions  of  the  kind  alluded  to,  when  occurring  in  gravel-beds, 
are  sometimes  explained  by  the  action  of  floating  ice ;  but  that  cause 
can  only  have  operated  under  water.  These  contortions  have  in  some 
way  or  another  resulted  from  subaerial  causes ;  and  though  I  see 
difficulties,  I  think  this  explanation  may  be  the  right  one. 

In  the  instances  from  the  Cambridge  gravel-pits  the  percolation 
and  consequent  erosion  seem  to  have  taken  place  in  the  layer  be- 

neath the  ductile  clay,  which  is  folded  into  such  remarkable  forms. 
Had  it  been  on  its  upper  surface,  the  layer  must  have  been  cut  through. 
It  must  be  recollected  that  slight  inequalities  slowly  formed  in  the  sur- 

face of  the  ground  by  such  subsidences  would  be  continually  levelled 
by  the  action  of  rain,  herbage,  and  worms. 

The  next  question  which  I  propose  to  enter  upon  relates  to  the 
age  of  the  warp.     The  causes  to  which  I  have  attributed  its  forma- 
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tion — frost  and  rain,  wind,  earthworms,  and  the  growth  of  herbage — ■ 
are  causes  in  operation  at  the  present  day ;  and  therefore  it  might  be 
expected  that  the  warp  is  the  latest  geological  formation.  Yet  I 
believe  that  conclusion  would  be  incorrect. 

It  is  evident  that  it  has  been  formed  for  a  long  period,  because  the 
layer  of  pebbles  usually  seen  at  its  base  vrill  be  frequently  found  to 
have  descended  to  the  depth  of  a  foot  or  more  over  the  mouth  of  any 
subjacent  pipe  which  may  happen  to  have  been  formed  in  a  calcareous 
rock.  In  a  similar  manner  channels  of  slight  subterranean  drainage 
will  be  found  to  deflect  the  layer.  These  effects  must  have  taken  some 
time.  But  a  more  definite  measure  of  its  age  was  first  noticed  by 

Mr.  Trimmer  in  his  paper  "On  the  Soils  of  Kent"*.  He  there 
states  that  he  had  found  "  in  the  neighbourhood  of  Taversham,  he- 
low  the  level  of  high-water  mark,  lacustrine  and  fluviatile  deposits 
covered  by  non-fossHiferous  deposits  analogous  to  that  of  the  erratic 

warp  of  Norfolk."  I  have  noticed  myself  the  passage  of  the  warp 
below  the  level  of  high-water  mark  in  the  estuary  of  the  Colne. 
About  two  miles  below  Colchester  the  outline  of  the  rising  ground, 
marked  by  the  unbroken  continuation  of  the  warp,  passes  beneath 
the  silt  of  the  estuary.     The  surface  of  the  silt,  now  reclaimed  for 

Fig.  9.- Section  in  a  ditch  on  Tendring  Hundred  Railway j 
near  Colchester. 

a.  Warp  passing  beneath  (6)  Silt  of  the  estuary.  c.  London  clay. 

Fig.  10. — Railway  Viaduct  over  Alresford  Creek,  Essex. 
X   300  ft   X   400  ft.   

Marsh. 

  X 

Marsh. 

*  Low- water  mark. 

a.  Estuarine  mud  of  the  present  marsh 
b.  "  Scrobicularia"-clsij. 
c.  Warp. 

t  High-water  mark. 
,    d.  Probably  London  Clay. 

e.  Gravel. 

/.  Sandy  gravel. 
?    The  line  of  section  on  the  south  side  does  not  meet  the  upland  again,  but  after 
crossing  some  marshy  ground,  runs  into  the  estuary  of  the  Colne. 

Specimens  from  this  section  are  deposited  in  the  Society's  Museum. 

meadowland,  must  be  about  6  feet  below  high-water  mark.  The 
section  was  seen  in  a  ditch  by  the  side  of  the  Tendring  Hundred 
E-ailway. 

Another  instance  of  the  same  kind  in  the  same  neighbourhood 
was  disclosed  in  the  sinking  of  the  cyHnders  on  which  the  rails  are 

*  Quart.  Journ.  Geol.  Soc.  vjI.  vii.  p.  36. 
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carried  across  Alresford  Creek.  The  first  cylinder  was  sunk  in  the 
marsh,  the  second  at  the  edge  of  the  tideway.  The  sections  given 
to  me  were  ; — 

First  Cylinder. 
ft.  in. 

Estnarine  mud       8  0 

Black  gravelly  mud  with  shells        0  6 

"  Yellow  virgin  soil,"  i.e.  " warp "       3  0 

Second  Cylinder. 
Estuarine  mud      8  0 

Black  gravelly  mud  with  shells    0  6 

"  Yellow  virgin  soil,"  ̂ .  e.  "  warp  "    3  0 
"  Bluish-yellow  clay,"  probably  weathered  1  g  q 

London  Clay       J 

I  examined  the  materials  thrown  out  of  these  cylinders,  and  they 

agreed  perfectly  with  the  descriptions  given  to  me  by  the  foreman  of 

the^works.  The  warp  was  met  with  as  far  as  the  fourth  cylinder — that 
is,  about  200  yards  from  the  edge  of  the  marsh.  These  facts  prove 
that  the  warp  was  formed  before  the  last  depression  of  the  land ;  for 
the  tide  rises  10  or  11  feet  above  its  surface.  It  may  have  extended 
to  a  greater  depth  below  high  water  than  this ;  for  it  is  quite  possible 
that  the  reason  of  its  not  occurring  in  the  middle  of  the  tideway  may 
be,  that  it  has  been  denuded. 

I  met  with  another  proof  of  the  antiquity  of  the  warp,  of  a  differ- 
ent kind,  but  of  a  similar  significance,  on  the  same  line  of  railway. 

Fig.  11. — Section  showing  Warp  cut  offhy  erosion  of  a  stream. 

a  y^^^^^^^^^^^'^^^^^^^^'^^^v  Stream. 

a.  Warp.  b.  Eecent  sdt. 

Just  west  of  Great  Bentley,  where  on  the  map  stands  the  letter 

"  s  "  in  the  word  '^  millions,"  the  railway  crosses  a  valley.  The 
small  stream  which  it  contains  has  deepened  the  original  valley  by 
about  12  feet,  leaving  a  bank  on  the  western  side.  A  section  of  this 
bank  was  visible  in  a  freshly  cut  ditch  on  the  north  side  of  the  rail- 

way ;  and  it  was  noticeable  that  the  warp  was  cut  off  at  that  point. 
The  soil  of  the  recent  flat  bottom  was  a  silt  without  any  true  warp 
upon  it. 

I  believe  it  will  turn  out  that  the  true  warp,  with  its  line  of 

pebbles  at  its  base,  does  not  extend  over  alluvial  flats*,  but  (unless 
it  happens  to  have  been  denuded)  passes  beneath  the  recent 
deposits.  In  short,  it  accompanies  the  original  surfaces  of  denu- 
dation. 

*  No  true  warp  was  seen  where  the  culvert  was  put  in  between  Alresford  and 
Frating. 
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The  surface  of  the  high-level  gravels,  and  of  the  brick-earth  which 
often  covers  them,  appears  to  have  been  affected  by  the  same  fur- 

rowing action  which  has  operated  upon  the  surfaces  of  older  beds. 
They  are  also  enveloped  by  the  true  warp,  which  seems  to  have  been 
formed  chiefly  by  severe  winter  frosts,  and  by  other  siibaerial  causes, 
before  the  last  depression  of  the  land  ;  for,  as  I  have  shown,  the  warp 
is  covered  by  the  alluvial  deposits.  In  the  valley  of  the  Stour,  about 

Sudbury,  in  Suffolk,  the  valley-gravels  are  to  be  seen  furrowed  by 
trail  from  the  higher  grounds.  The  flints  from  the  Boulder-clay  in 
the  trail  are  there  coarser  than  those  in  the  gravel  which  contains 
the  furrows.  An  excellent  section  of  the  trail  is  also  to  be  seen  in 

the  Ilford  Brick-pits. 
We  have,  then,  data  for  fixing  the  period  of  the  formation  of  the 

warp  over  the  surface  left,  in  all  probability,  in  a  bare  condition  by 
a  preceding  general  denudation.  It  was  subsequent  to  the  period 
when  the  ElejpTias  primigenius  lived  in  company  with  E.  antiquiis,  and 
when  chipped  implements  were  used ;  for  the  gravels  which  con- 

tain those  associated  relics  have  been  affected  by  the  denudation 
which  preceded  the  formation  of  the  warp.  But  it  was  previous 
to  the  growth  of  the  newest  submarine  forests,  which  occupied  the 
surface  before  the  last  depression  of  the  land.  It  appears  to  have 
been  the  period  which,  before  the  glaciers  of  Scotland  finally  disap- 

peared, left  the  moraines  described  by  Mr.  Jamieson  as  having  been 

formed  anteriorly  to  the  deposition  of  the  Carse  clay*;  for  there  seems 
little  doubt  that  that  clay  is  the  equivalent  of  the  marine  silt  with 
Scrohicularice  which  covers  our  English  submarine  forests,  and  that 
the  elevation  which  Mr.  Jamieson  tells  us  must  have  been  so  general 
over  a  large  part  of  the  western  seabord  of  Europe  f  was  followed 
by  a  depression,  if  not  quite  so  general,  at  least  very  extensive. 

Upon  reviewing  the  changes  which  have  been  indicated  by  the 
phenomena  discussed  in  the  present  paper,  we  have  disclosed, 
in  the  first  instance,  a  condition  of  the  surface  when  the  general 
features  of  the  landscape  were  the  same  as  at  present,  during  which 
the  great  mammalian  fauna  flourished  contemporaneously  with  the 
fabricators  of  the  chipped  flints. 

We  have,  subsequently,  though  perhaps  not  in  immediate 
sequence,  a  period  of  extensive  denudation,  indicated  by  the  furrows 
filled  with  materials  from  the  higher  grounds,  which  have  travelled 

in  a  plastic  state,  and  which  I  have  called  ''  trail."  This  denuda- 
tion brought  the  surface  almost  exactly  to  its  present  form.  The 

period  of  the  formation  of  the  warp  succeeded,  in  which  the  winter 
frosts  seem  to  have  been  more  severe  than  at  the  present  time. 

It  was  either  during  this  period,  or  shortly  afterwards,  that  the 
submarine  forests  flourished.  A  submergence  of  moderate  amount, 

measured  by  a  few  tens  of  feet,  next  followed,  and  the  Scrobicu- 
laria-mud  was  deposited  over  the  lowest  forest-grounds.  The  sea 
was  then  depressed  again,  and  the  recent  period  commenced. 

The  changes  of  form  in  the  present  surface  which  have  taken 
place  since  that  time  may,  I  believe,  be  easily  recognized,  since  they 

^  Quart.  Journ.  Gleol.  Soc.  vol.  xxi,  p.  173.  t  Ibid.  p.  180. 
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usually  interrupt  the  more  general  contour  of  the  surface.  One  of 
these  has  been  noticed,  in  the  case  where  the  warp  has  been  cut  off 
by  a  stream. 

When  this  paper  was  read  before  the  Society,  certain  speculations 

were  entered  into,  in  which  it  was  attempted  to  correlate  the  above ' 
sequence  of  events  with  those  indicated  by  Mr.  CroU  as  flowing  from 
his  theory  of  climatal  changes.  It  has  been  thought,  however,  that 
these  questions  had  better  be  reserved  for  future  discussion,  and  that 
the  paper  should  appear  in  the  present  abbreviated  form. 

4.   On  Faults  in  the  Drift-gravel  at  Hitchik,  Herts. 
By  J.  W.  Salter,  Esq.,  F.G.S.,  A.L.S. 

At  Hitchin  there  is  an  admirable  section  laid  open  by  the  deep  cliff- 

cutting  of  the  Great  Northern  "Railway,  which  exhibits  faults  affecting both  chalk  and  an  old  gravel  which,  thanks  to  the  investigations  of 
Mr.  Seeley  (in  Cambridgeshire)  and  the  independent  research  of 

Mr.  Thomas  M'^Kenny  Hughes  (nearer  Hertford),  I  am  enabled  to 
refer  to  the  Boulder-clay  period. 

There  is  no  ambiguity  in  this  section.  The  chalk  rises  from 
the  railway-level  in  bold  cliffs,  60  or  70  feet  high,  capped  here 
by  chalk- drift,  and  there  by  fine,  yellowish,  stratified  gravel — the 
latter  in  certain  spots,  e.  g.  the  hme-kilns,  coming  down  almost  to 
the  level  of  the  road,  and  again  rising  up  to  near  the  top  of  the  cliff. 
The  beds  of  chalk  undulate  a  good  deal ;  and  the  older  gravel  follows 
its  curves  into  curious  depressed  spaces,  both  north  and  south  of  the 
station.  These  depressions  are,  as  the  section  will  show,  due  not  to 

erosion,  but  to  faults*. 
The  upper  gravel,  which  fills  pipes  in  the  chalk,  and  everywhere 

caps  both  chalk  and  drift,  is  much  more  varied  in  its  composition 
than  the  lower  and  older  gravel ;  often  it  is  a  chalk-rubble,  especially 
along  the  higher  ground,  but  interstratified  with  gravelly  loam,  full  of 
broken  and  worn  chalk-flint.  More  commonly  it  is  a  darker- coloured, 
yellow,  gravelly  clay  or  loam  ;  and  in  this  latter  condition  it  may  be 
seen  in  the  large  deserted  gravel-pit  just  south  of  the  bridge  for  the 
high  road  from  Hitchin,  south  of  the  station.  Close  to  this  bridge  is  a 
conspicuous  fault  in  the  chalk,  which  runs  across  the  railway,  but  is 

most  easily  seen  on  the  east  side.     It  runs  30°  E.  of  W. 
Following  this  southwards,  past  the  opening  of  the  gravel-pit,  we 

again  find  the  chalk  in  a  low  cliff- cutting,  with  numerous  vertical 
fissures,  and  capped  by  a  conglomerate  of  rounded  flint-pebbles,  chalk- 

*  The  faults  in  Eoulder-clay,  seen  in  the  Ely  section,  and  described  by  Mr. 
Harry  Seeley  (Geol.  Mag.  vol.  ii.  No.  18),  must  not  be  forgotton,  nor  his  re- 

mark as  to  this  faulting  having  taken  place  previously  to  the  present  modification 

of  the  country's  surface.  The  downthrow  is  described  as  at  least  40  feet,  and 
perhaps  more.  The  faults  in  the  Hitchin  section  have  been  recognized  bj  Mr. 
S.  V.  Wood,  jun.,  who  has  drawn  them  in  section  No.  6,  illustrating  his  memoir 

entitled  "Eemarks  in  explanation  of  the  Map  of  the  Upper  Tertiaries  of  the 
counties  of  Norfolk,  Suffolk,  Essex,  Middlesex,  Hertford,  Cambridge,  Hunting- 

don, and  Bedford,  with  parts  of  those  of  Buckingham  and  Lincoln,  and  accom- 
panying sections.    1865." 
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pebbles,  and  ironstone-nodules  cemented  pretty  firmly  together,  and 
passing  np  into  fine  yellow  sand,  laminated  and  well  bedded,  and  this 
again  covered  by  the  gravelly  loam  which  lies  indifferently  npon  chalk 
or  sand.  The  chalk  is  fissured,  rises  in  little  craggy  prominences  into 
the  drift  (6),  or  shows  steep  short  escarpments  against  which  the 
chalk-rubble  has  accumulated.  I  saw  it  in  this  form  at  Herting- 
fordbury  a  few  weeks  back. 

However,  we  have  only  to  return  to  the  station,  and  enter  the 
bay  in  the  cliff  where  the  lime-kilns  are  at  work,  to  see  the  accom- 

panying section.  South  of  the  gravel-shoot,  the  chalk  descends 
rapidly,  dipping  N.  or  N.W.  to  within  10  feet  of  the  road-level,  and 
is  much  shattered  in  the  hollow.  The  fine  gravelly  sand,  underlain 
by  2  or  3  feet  of  conglomerate,  follows  it;  and  then,  just  under 
the  shoot  (which  seems  put  there  to  protect  the  section),  it  is  suddenly 
faulted  to  the  extent  of  at  least  7  feet,  and  probably  more,  showing 
the  clean  face  of  a  fault  which  has  cut  through  chalk,  chalk-  and 
flint-pebbles,  and  gravelly  drift,  the  faces  of  the  faults,  three  or  four 
in  number,  and  parallel  to  each  other,  being  as  clearly  defined  in  the 
hard  drift  and  conglomerate  bed  (the  pebbles  of  which  are  often 
fractured  across)  as  in  the  chalk  itself.  The  loam  and  chalk-rubble 
mixed  descend  irregularly  into  the  hollow,  and  leave  generally  but 
a  foot  or  two  of  undenuded  gravel- drift  above  the  conglomerate. 

Section  of  ChaVc,  Drift,  and  Upper  Gravels  at  Hitcinn  Station. 

a.  Chalk. b.  Drift. c.  Pebble-bed. d.  Fine  gravelly  sand. 

The  section  here  is  so  very  clear  as  to  admit  of  no  doubt ;  and  I 
leave  the  matter  for  the  consideration  of  those  who  are  apt  to  forget 
that  faults  in  the  drift  imply  a  very  recent  modification  of  the  surface 
by  movements  similar  in  kind,  if  in  less  degree,  to  those  which  produced 
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5.  On  some  Flint  Implements  lately  found  in  the  Valley  of  tlie 
Little  Ouse  Eivek,  near  Thetford.  By  J.  W.  Plower,  Esq., 
E.G.S. 

(The  publication  of  this  paper  is  unavoidably  deferred.) 

[Abstract.] 

The  sands  and  flint-gravel  on  the  right  bank  of  the  river  Ouse  at 
Thetford  form  a  terrace  8  to  10  yards  above  the  river,  and  about 
40  yards  distant  from  it.  At  a  spot  called  Eed  Hill  a  large  number 
of  flint  implements  have  lately  been  obtained  from  this  gravel,  at 
from  12  to  15  feet  below  the  surface,  and  within  a  foot  or  less  of  the 
chalk  on  which  the  gravel  rests  ;  and  some  were  found  in  the  same 
gravel  filling  pot-holes  in  the  chalk. 

The  author  pointed  out  the  exact  correspondence,  as  regards  geo- 
logical position  and  relations,  between  the  Thetford  gravels  and  the 

flint-implement-bearing  beds  of  Amiens,  AbbeviUe,  Fisherton,  Ick- 
lingham,  Hoxne,  &c.  He  further  noticed  the  close  resemblance 
which  these  implements  and  some  others  discovered  in  England 
bear  to  those  of  the  valley  of  the  Somme  ;  and  concluded  by  ex- 

pressing his  dissent  from  Mr.  Prestwich's  conclusions,  and  stating 
his  own  views  on  their  mode  of  accumulation,  remarking  that,  in 

his  opinion,  these  implements  were  manufactured  prior  to  the  sever- 
ance of  this  island  from  the  continent. 

6.  Geological  Notes  of  the  Pacific  Coast  of  Ecuador,  and  on  some 
Evidences  of  the  Antiquity  of  Man  in  that  Region.  By  J.  S, 
Wilson,  Esq. 

(Communicated  by  Sir  E.  I.  Murchison,  Bart.,  K.C.B.,  F.E.S.,  F.a.S.) 

[Abstract.] 

The  western  slope  of  the  Cordilleras  is  occupied  with  projected 
volcanic  matter,  presenting  an  irregular  aggregation  of  boulders, 
gravel,  sand,  fine  earthy  matter,  or  ashes,  and  pumice.  The  boulders 
are  of  various  sizes,  and  consist  principally  of  the  more  ancient  and 
the  hardest  plutonic  rocks.  Small  angular  fragments  of  granite  are 
occasionally  met  with  many  miles  from  where  that  rock  is  found  at 
the  surface,  and  where  there  exists  no  evidence  of  their  having  been 
transported  by  water. 

In  some  of  the  older  strata  of  this  volcanic  rock,  extending  along 
the  coast  and  some  distance  inland,  occur  cavities,  that  have  been 
once  occupied  by  the  roots  of  trees,  in  their  original  place  alongside 
prostrate  stems,  which  indicate  that  there  were  periods  of  repose  of 
the  volcanic  agencies  by  which  the  materials  constituting  this  rock 
were  distributed.  Traces  of  forest-vegetation  in  the  volcanic  mate- 

rial were  found  on  the  coast  and  in  some  of  the  older  beds  of  that 

deposit,  commonly  below  high-water  mark,  and  also  at  various 
points  up  the  river  Esmeraldas,  and  at  all  altitudes  up  to  the  foot 

VOL.  XXII.   PART  I.  2  Q 
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of  Pichincha.  In  this  latter  locality,  and  in  beds  of  more  recent 
date  than  those  which  extend  to  the  coast,  roots  and  stems  of  small 
trees,  completely  carbonized,  have  been  found,  some  descending  to  the 
depth  of  100  feet  below  the  surface.  Whilst  the  trees  in  this  latter 
locality,  though  of  more  recent  production,  are  converted  into  perfect 
charcoal,  those  of  the  older  volcanic  deposits  are  not  at  all  carbon- 

ized. And,  again,  the  wood  of  the  buried  forest  at  the  mouth  of  the 
Esmeraldas,  lying  only  12  to  15  feet  under  beds  of  an  estuarine  clay, 
and  much  more  recent  than  either  of  the  above,  is  partially  carbon- 

ized, and  resembles  lignite.  It  is  the  author's  opinion,  in  regard  to 
the  charred  wood  in  the  vicinity  of  Pichincha,  that,  as  the  ashes 
and  dust  throvni  out  by  that  volcano  fell  in  dense  showers  over 

the  surrounding  country,  the  heat  still  retained  by  this  matter  car- 
bonized the  trees  which  it  enveloped  and  buried. 

It  is  beneath  this  volcanic  deposit,  or  in  some  of  its  lowest  beds, 
that  the  gold-drifts  are  found,  as  at  Playa  de  Oro,  Cachibi,  at  Bar- 
bacous,  New  Granada,  &c.  And  it  is  only  when  this  deposit  has 
been  removed,  or  where  ancient  river- courses  have  been  again  pene- 

trated by  waters  of  more  recent  times,  that  gold  is  found  in  this  part 
of  Ecuador  and  the  adjoining  part  of  New  Granada. 

The  projected  volcanic  matter  is  distributed  in  terraces,  the  most 
recent  of  which  extends  along  the  shores  of  the  Esmeraldas,  and  is 

but  slightly  above  high-water  mark.  The  second  rises  in  some  places 
10  feet  above  the  former,  and  is  extensive  at  the  lower  part  of  the 
Esmeraldas  and  up  the  valleys  of  its  lower  tributaries.  A  third, 
presenting  a  distinct  margin,  rises  about  8  feet  higher ;  and  above 
this  rise  three  other  terraces,  respectively,  in  their  orders  of  ascent, 
15,  12,  and  6  feet.  This  is  the  arrangement  which  (with  the  ex- 

ception of  the  lowest  and  therefore  the  most  recent  terrace)  is  clearly 
defined  in  ascending  the  north  side  of  the  river  Esmeraldas  from  oppo- 

site the  river  Viche  to  the  Quebrada  of  Chancama  (see  section).  At  the 
former  place  the  terraces  recede  from  the  river  to  an  undetermined 
distance,  but  which  is  evidently  extensive,  and  are  said  to  reach  to  the 
Rio  Yerde,  which  receives  a  portion  of  the  drainage  from  them :  this 
seems  the  more  probable,  as  but  an  inconsiderable  amount  of  the 
water  falls  into  the  Esmeraldas.  The  series  of  terraces  is  again 
met  with  in  the  road  above  the  mouth  of  the  river  Sadi,  their  con- 

tinuation being  partially  broken  by  the  projection  of  a  range  of  hiUs. 
It  is  observable  in  this  locality  that  the  river  has  cut  its  way  deep 
across  the  terraces,  and  in  many  places  completely  through  the  vol- 

canic matter,  and  regained  its  more  ancient  bed  on  the  Carboniferous 
rocks. 

Rocks  of  Tertiary  age  are  represented  in  the  limestone  cliffs, 
resting  on  shale,  north  of  the  Rio  Yerde,  and  at  the  side  of  the  river 
Esmeraldas,  just  above  the  old  town  of  that  name,  where  the  lime- 

stone is  overlain  with  the  volcanic  deposits.  Again,  the  Tertiary 
limestone  was  found  much  further  up,  where  the  river  passes  through 
a  range  of  hills  in  the  vicinity  of  the  river  Caninde  ;  here  it  appears 
by  the  river-side  in  enormous  white  angular  blocks,  which  had 
evidently  fallen  from  the  side  of  the  precipitous  hill  behind:  the 
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limestone  appeared  to  rest  on  the  volcanic  deposits,  and  it  was  the 
washing  away  of  this  latter  from  underneath  that  caused  the  harder 
limestone  to  break  off  in  those  enormous  blocks.  So  far  as  the 

author's  observations  yet  extend,  the  earlier  beds  of  the  volcanic 
material  are  at  least  contemporaneous  with  the  Tertiary  limestone  ; 
and  the  accumulation  of  these  volcanic  outcastings  continued  until 
long  after  the  close  of  the  Tertiary  period,  but  became  gradually  more 
circumscribed. 

Section  of  Point  at  Chancama. 

a.  Vegetable  mould. 
b.  Clay  and  sand  with  pottery. 
c.  Water-worn   gravel  and   clay  with 

pottery. 
d.  Gravel  and  clay  with  pottery. 

e.  Sand  and  gravel. 

/.  Trash-rock. 
ff.  Blue  slaty  rock  with  fragments  of shells. 

The  second  of  the  terraces  described  contains,  in  many  places,^ 
remains  of  articles  of  human  art  (broken  pottery,  earthen  figures, 
and  fragments  of  gold  ornaments)  at  various  depths  below  the 
surface,  but  in  all  cases  below  high-tide  mark,  from  which  fact  it  is 
apparent  that  this  region,  during  its  occupation  by  man,  stood 
higher  above  the  sea  than  it  does  now.  But  the  sea  gradually  en- 

croached on  the  land,  till  it  attained  a  height  of  about  fifteen  feet 
above  its  former  level.  That  the  duration  of  time  occupied  by  this 
advance  and  retreat  of  the  sea  must  have  been  very  great  is  apparent 
when  we  consider  that  the  stratified  earth  of  the  plain  is  simply 
the  sediment  brought  down  by  the  rivers  and  deposited  beneath  the 
margins  of  the  sea,  in  some  places  to  the  depth  of  ten  feet  above  the 
surface  on  which  the  ancient  cities  stood.  Again  the  land  sank  and 
deposited  those  low  flats  and  islands  found  at  different  places  along 
the  sea-margins.     The  land  is  again  gradually  sinking. 

The  pottery-stratum  is  traceable  along  a  line  of  80  miles  of  coast, 
and,  by  partial  observations,  is  determined  to  occur  under  corre- 

sponding conditions  for  a  distance  of  200  miles  more. 
The  discovery  of  pottery  in  a  formation  considered  by  the  author 

immensely  older  than,  the  clay-beds  of  the  coast,  in  the  uppermost, 
excepting  one,  of  the  terraces  described,  was  made  at  Chancama, 

2q2 
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situated  24  miles  from  the  coast,  180  feet  above  the  sea,  and  50  feet 

above  the  Esmeraldas  river.  The  section  (see  fig.)  exhibits  undis- 
turbed sea- distributed  gravel  and  sands,  6  feet  6  inches  in  thickness, 

the  lower  part  of  which  contains  fragments  of  pottery. 

7.  Oil  the  Eelatioi^s  of  the  Tertiary  Formations  of  the  West  Indies. 
By  E.  J.  Lechmere  Guppy,  Esq.,  P.G.S.  With  a  Note  on  a  New 
Species  o/Eanina,  by  Henry  Woodward,  Esq.,  F.G.S.  ;  and  on 
the  Orbitoides  and  Nummulin^,  by  Prof.  T.  Eupert  Jones,  E.G.S. 

(Abridged.) 

[Plate  XXVI.] 
Contents. 

I.  The  Palaeontology  of  the  Cari- 
bean  Area. 

1.  Introduction. 
2.  Eocene  Formations. 
3.  Lower  Miocene  Formations. 

a.  Trinidad,     c.  Antigua. 
b.  Anguilla. 

4.  Upper  Miocene  Formations. 
a.  San  Domingo,   c.  Trinidad. 
b.  Jamaica.  d.  Cumana. 

5.  The    age    of   the    Caribean 
Miocene. 

6.  Other   Tertiary  Formations 
in  the  West  Indies. 

II.  Descriptions  of  the  species, 
III.  The  relations  of  the  Caribean 

Miocene  Fauna. 
IV.  Table  showing  the  Affinities  of 

some  of  the  Fossils  of  the  Ca- 
ribean Miocene. 

I.  The  Paleontology  oe  the  Caribean  Area. 

§  1.  Introduction. 

It  may  be  that  some  apology  is  needed  for  again  bringing  before  the 
Geological  Society  the  subject  of  West-Indian  Geology.  I  should 
not,  indeed,  have  ventured  to  do  so,  but  for  the  circumstance  that  the 
considerations  involved  do  not  alone  concern  the  geology  of  the  West 
Indies,  but  have  an  important  bearing  on  several  questions  connected 
with  the  distribution  of  organic  beings  in  Europe  and  Asia,  and  on 
the  correlation  of  deposits  in  those  countries.  These  questions  have 
much  interest  for  geologists  ;  and  I  believe  that  the  facts  and  argu- 

ments presented  in  this  communication  are  such  that  my  labour  in 
bringing  them  together  will  not  be  lost,  even  if  the  hypothetical 
views  I  have  built  upon  them  should  prove  to  be  untenable.  More- 

over the  present  communication  forms  a  necessary  sequel  to  those  I 
have  already  had  the  honour  of  laying  before  the  Society. 

My  object  now  is  to  present  some  general  remarks  on  the  results 
obtained  by  recent  investigations  into  the  geology  and  palaeontology 
of  the  West-Indian  islands.  But  before  going  into  these,  it  may  be 
as  well  that  I  should  review  our  knowledge  of  the  deposits,  begin- 

ning with  the  oldest  Tertiary  formations. 

§  2.  Eocene  Formations. 
The  existence  of  Eocene  strata  in  Jamaica  has  been  demonstrated 

by  Mr.  Barrett*  and  by  Dr.  Duncan  and  Mr.  Wallf.     Determinable 

*  Quart  Jovirn.  Geol.  Soc.  vol.  xvi.  p.  324.  t  Ibid.  vol.  xxi.  p.  1. 
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fossils  are  rare ;  but  three  species  of  corals  have  been  enumerated  by 
Dr.  Duncan,  none  of  which  are  new. 

No  strata  of  ascertained  Eocene  date  have  been  shown  to  exist 

elsewhere  in  the  Caribean  area ;  but  it  is  probable  that  some  of  the 
deposits  attributed  to  the  Miocene  period  in  Trinidad  pass  down  into 
it,  as  will  be  mentioned  in  the  next  section. 

§  3.  Lower  Miocene  Formations. 

I  shall  use  the  terms  Lower  and  Upper  Miocene,  upon  this  as  upon 
former  occasions,  not  as  implying  equivalency  to  the  Upper  and 
Lower  Miocene  of  Europe,  but  merely  as  marking  what  seems  to 
me,  at  present,  the  relative  age  of  the  formations  under  consideration. 

a.  Trinidad. — In  this  island  there  is  a  very  extensive  develop- 
ment of  Tertiary  formations  ;  and  it  is  exceedingly  difficult  to  refer 

all  the  beds  to  their  proper  places  in  the  series,  owing  to  the  want  of 
sections  shomng  their  relative  position.  The  Geological  Survey  of 

the  West  Indies  divided  them  into  five  groups*.  Of  these,  the  strata 
exposed  at  San  Eernando,  which  wore  probably  included  in  the 

"  Naparina Marls,"  and  those  classified  as  the  "  Tamana  Series,"  seem 
to  me  to  be  the  oldest.  The  beds  at  San  Eernando  consist  of  gypseous 
marls,  with  shales  and  irregular  limestones,  all  inclined  at  a  very 
high  angle.  In  the  annexed  section  (fig.  1)  I  have  endeavoured  to 
give  an  idea  of  the  stratigraphy  of  the  beds,  which  is  very  obscure, 
owing  to  the  face  of  the  cliff  being  in  great  part  hidden  by  slips 
from  the  top. 

N. 
Paradise  Gate. 

Eig.  1. — Section  at  San  Fernando  (|  mile). 
Paradise. 

14  15  16 

1.  Brown  clays  and  marls,  sometimes  indurated. 
2,  3.  Grypseous  marls,  with  indurated  layers  and  beds  strongly  impregnated 

with  asphalt.     Concretions  containing  fossils  converted  into  selenite. 
4.  Indurated  asphaltic  marl. 
5.  Irregular  dark-blue  limestone,  containing  numerous  fossils  generally  con- 

verted into  calcspar,  or  replaced  by  semiliquid  asphalt  (Ranina  and  fish- 
teeth). 

6.  Asphaltic  marls,  inore  or  less  indurated,  with  occasional  fossils  ( Orbifoides,&.c. ). 
7.  Sandstone  ( Tarritella,  Cardium,  NummuUna). 
8.  Dark  indurated  marls  and  shales  containing  much  asphalt. 
9.  Orbitoides-bed.  Black  asphaltic  bed  consisting  chiefly  of  the  shells  of  Orbitoides 

and  Nummulina. 

10.  Asphaltic  and  gypseous  clays,  shales,  and  marls  {Terebratida,  Echinolam])as, 
Trochus,  Cardita,   Orbitoides,  &c.,    chiefly  found   in  indurated   gypseous 
layers  or  nodular  concretions). 

11.  Indurated  marls  containing  much  asphalt.     Fossils  very  rare. 
12.  14,  16.  Blue  clays,  unfossiliferous. 
13.  15,  17.  Grypseous  marls.     Fossils  rare  and  usually  imperfect. 

*  Eeport  on  the  Geology  of  Trinidad,  p.  35. 
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Fig.  2  is  a  diagram  to  show  the  general  relations  of  the  above  and 
other  deposits  in  Trinidad  alluded  to  in  this  paper. 

Fig.  2. — Diagram  Section  to  show  the  general  Relations  of  the 
Formations  in  Trinidad. 

N.E.  Eiver 
Northern  Eanges.     Caroni 

S.W. 

1.  "  Caribean  Group."  5. 2.  Neocomian.  6. 

3.  San  Fernando  Beds.  ]  Lower  Mio-  7. 
4.  "  Tamana  Series."      I      cene. 

'  Caroni  Series."    ]  jy 

'  Moruga  Series."  /  ̂PP®^ '  Detrital  Series." 

Miocene. 

The  following  is  a  list  of  the  fossils  which  have  been  determined 
from  the  San  Fernando  beds : — 

Natica  phasianelloides,  H  Orb. 
Terebratula  Trinitatensis,  Guppy. 
  cameoides,  Guppy. 
  lecta,  Guppy. 
Grryphsea  athyroides,  spec.  nov. 

Echinolampas  ovum-serpentis,  Guppy. 
Spirorbis  clymenioides,  spec.  nov. 
Ranina  porifera,^.  Woodw.,s^QG.T\oy. 
Orbitoides  Mantelli,  Morton. 
Cisseis  asterisca,  spec.  nov. 

Besides  these  fossils  there  occur  species  of  Pinna,  Area,  Trochus, 

Cardita,  Lucina,  Nummulina,  Meter ostegina,  &c.*  Only  one  of  the 
Mollusca  has  been  identified  with  a  Miocene  species,  none  with 
recent  species ;  and  the  general  affinities  of  the  fossils  appear  to  be 
Nummulitic.  I  have  for  the  present  retained  these  beds  in  the  Mio- 

cene, because  they  had  been  so  classified  by  the  Geological  Survey. 
Mr.  Woodward  has  been  kind  enough  to  determine  for  me  the 
Ranina,  and  his  note  describing  the  species  is  appended.  It  will  be 
seen  that  the  evidence  furnished  by  the  Crustacean  is  in  favour  of 
the  view  I  have  taken  of  the  age  of  the  San  Fernando  beds. 

The  beds  exposed  at  Manzanilla  Point,  on  the  east  coast  of  Trini- 
dad, consist  of  a  succession  of  sands,  calcareous  sandstones,  and  dark 

shales.  Their  stratigraphical  relations  to  the  San  Fernando  beds 
cannot  be  ascertained,  as  they  are  deposited  on  the  opposite  side  of 
the  ridge  of  Neocomian  strata.  The  diagram  (fig.  2),  in  which  they 
are  included  in  the  Tamana  series,  shows  their  general  position ;  and 
I  have  added  a  section  (fig.  3)  to  make  their  stratigraphy  more  clear. 
The  beds  which  are  seen  on  the  coast  at  Manzanilla  seem  to  pass  on 
the  north  under  strata  assigned  by  the  Geological  Survey  to  the  Caroni 
(Upper  Miocene)  series;  but  it  is  not  quite  clear  whether  the  pas- 

sage is  conformable  or  not,  owing  to  the  swamps  which  occur  near 
the  junction  in  the  coast  section.  To  the  south  the  extension  of  the 
series  is  hidden  by  the  detrital  (post-tertiary)  deposits  and  by  the 
Nariva  swamp.  The  beds  may  be  traced  inland  for  a  distance  of 
four  miles,  when  they  end  abruptly  and  unconformably  on  the  Neo- 
comian  rocks.  As  the  organic  remains  collected  by  the  Survey  have 
not  been  described,  I  cannot  affirm  that  the  deposits  classified  by 

*  Geologist,  vol.  vii.  (1864)  p.  160 ;  and  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  295. 
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them  in  the  Tamana  series  all  belong  to  the  same  horizon  as  the 
Manzanilla  beds.  There  does  not,  however,  appear  to  be  any  reason 
on  stratigraphical  grounds  why  these  latter,  with  the  San  Fernando 
beds,  should  not  be  older   than  the  other  Tertiaries  of  Trinidad. 

Pig.  3. — Section  from  Nariva  Swamp  to  Mount  Calabash^ 
3|  miles  from  the  coast  (6  miles). 

S.S.W.  Mount  Eiver  Mount    N.N.E. 
Nariva  Swamp.  Lebranche.   Lebranche.  Eiver,  Calabash. 

^  c  b  a 

a.  Clays  and  shales  (Caroni  series). 
b.  Clays,  calcareous  sandstones,  &c.  (Manzanilla  beds). 
c.  Sandstone  and  indurated  clays  (Neocomian). 

Their  organic  contents  seem  to  consist  of  a  different  assemblage  of 
species  to  that  found  in  the  other  Miocene  deposits,  containing  at 
the  most,  out  of  more  than  thirty  species  of  MoUusca  collected  by 
me,  but  four  found  elsewhere.  Consequently  I  place  these  forma- 

tions, provisionally  only,  in  the  Lower  Miocene  until  further  evi- 
dence may  be  forthcoming  as  to  their  true  age. 

The  fossils  from  the  Manzanilla  beds  which  are  now  described, 

consist  of  the  following  species : — 
Cercomya  ledseformis,  spec.  nov. 
Erycina  tensa,  spec.  nov. 
Area  Trinitaria,  spec.  nov. 
  filicata,  spec.  nov. 
Cardium  castum,  spec.  nov. 

Ancillaria  laniellata,  spec.  nov. 
Venus  Walli,  spec.  nov. 
Dosinia  cyclica,  spec.  nov. 
Mactrinula  macescens,  spec.  nov. 
Corbula  vieta,  spec.  nov. 

Of  the  above,  the  Ancillaria  somewhat  resembles  A.  glandina  of 
the  Paris  and  London  basins.  Dosinia  cyclica  is  a  remarkable  form, 
connecting  the  genera  Dosinia  and  Cyclina.  Mactrinula  macescens  is 
distantly  related  to  M.  prcetenuis  (Conrad)  of  the  American  Eocene, 
and  more  closely  to  M.  plicataria,  a  hving  species  of  the  Indian  seas. 
Corbula  vieta  occurs  in  the  Miocene  of  Jamaica  and  the  Pliocene  of 

Trinidad.  It  is  alhed  to  O.  gibba  and  C.  pisum  of  the  Hampshire, 
Isle  of  Wight,  and  Belgian  Tertiaries.  Erycina  tensa  strongly  re- 

sembles a  Paris-basin  species.  With  regard  to  Cercomya  ledoiformis, 
if  I  have  rightly  determined  the  generic  relations  of  that  shell,  it 
will  be  the  first  recorded  appearance  of  the  genus  in  beds  of  so  late  a 
date.  Among  the  undetermined  shells  are  a  Strombus  and  a  Pleuro- 
toma,  which  are  possibly  identical  with  species  from  San  Domingo 
and  Jamaica ;  but  as  the  specimens  are  imperfect  I  do  not  venture 
to  name  them. 

b.  Anguilla. — The  Miocene  strata  in  this  island  consist  of  a  white 
marly  limestone  containing  a  large  number  of  MoUusca  and  Echino- 
dermata,  the  former  mostly  in  the  state  of  casts  and  specifically  in- 

determinable. The  Echinodermata  are  better-preserved.  I  have  no 
data  as  to  the  position  of  the  beds ;  but  it  is  worthy  of  remark,  in 
respect  to  the  influence  of  the  conditions  of  mineralization  upon  the 
remains  preserved  in  the  rocks,  that  in  Anguilla,  where  the  deposits 
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seem  to  resemble  in  composition  those  of  Malta,  we  have  an  analo- 
gous fauna  in  a  very  similar  state  of  preservation.  In  both  cases 

the  Echinoderms  are  numerous,  large,  and  well-preserved,  and 
they  are  accompanied  by  the  teeth  of  Pycnodont  fishes.  The 
Mollusca,  on  the  other  hand,  occur  chiefly  as  casts.  Could  we 
find  well-preserved  examples  of  the  shells  occurring  at  Malta  and 
Anguilla,  they  might  present  us  with  a  closer  resemblance  between 
the  faunas  of  these  localities  than  has  as  yet  been  established  for 
any  of  the  groups  of  Mollusca  found  fossil  in  the  West  Indies  and 
in  Europe. 

The  remains  determined  from  the  Anguilla  beds  belong  to  the  fol- 
lowing species*: — 

Natica  phasianelloides,  d'  Orb. 
Solarium  quadriseriatum,  Sow. 
Ficula  carbasea,  spec.  nov. 
Pecten  Mortoni,  Eavenel. 
Orbitolites  complanatus,  Lam. 
Cidaris  Melitensis,  Wright. 
Echinometra  acufera,  Blainv. 

Clypeaster  ellipticus,  Mick. 
Echinolampas  semiorbis,  Guppy. 
  lycopersicus,  Guppy. 
Echinoneus  cyclostomus,  Leske. 
Schizaster  Scillse,  Desmoulins. 
Brissus  dimidiatus,  Agass. 

c.  Antigua. — Details  of  the  strata  in  Antigua  have  been  furnished 
by  Nugent  t  and  Dr.  Duncan $.  The  latter  has  described  several 
corals,  besides  giving  a  summary  of  the  geological  features  of  the 
Miocene  formation  in  the  island. 

§  4.  Upper  Miocene  Eoemations. 

a.  San  Domingo. — In  the  northern  part  of  San  Domingo  there  is 
an  extensive  development  of  Miocene  formations,  consisting  chiefly 
of  greenish  or  bluish  sandy  shales  overlain  by  beds  of  shingle  and 

limestone.  None  of  these  beds  seem  to  have  suff'ered  the  great  dis- 
turbances which  have  afi'ected  the  formations  in  Jamaica  and  Trinidad, 

and  the  usual  dip  is  only  6°  or  7°§.  A  large  number  of  Mollusca 
and  Zoophytes  have  been  obtained  from  the  blue  shales,  most  of 
which  have  been  described,  the  Mollusca  by  Messrs.  Carrick  Moore 

and  Sowerby  ||,  and  the  Corals  by  Dr.  Duncan^.  The  entire  thick- 
ness of  the  series  as  given  by  Colonel  Heneken  does  not  seem  to 

exceed  600  or  700  feet.     The  following  are  the  Mollusca : — 

Cassidaria  laevigata,  Sow. 
Cassis  sulcifera,  Sow. 
Oniscia  Domingensis,  Sow. 
Strombus  pugilis,  Linn. 
  ambigims,  Sow. 
  Haitensis,  Sow. 

  proximus,  Sow. 
  bifrons,  Sow. 
Conus  Haitensis,  Sow. 

Conus  symmetricus,  Sow. 
  stenostoma,  Sow. 

  planiliratus,  Sow. 
  marginatus,  Sow. 
  Domingensis,  Sow. 
  solidus,  Sow. 
  catenatus,  Sow. 
  interstinctus,  Guppy. 
  consobrinus.  Sow. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  298. 
t  G-eol.  Trans.  1st  ser.  vol.  v.  p.  459. 
X  Q.uart.  Journ.  Greol.  Soc.  vol.  xix.  p.  408,  and  vol.  xx.  p.  20. 
§  Heneken,  Quart.  Journ.  Geol.  Soc,  vol.  ix.  p.  115. 
II   Quart.  Journ.  Geo].  Soc.  vol.  vi.  p.  39,  and  vol.  ix.  p.  129. 
^  Ibid.  vol.  xix.  p.  406,  and  vol.  xx.  p.  20. 
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Conus  gracilissimus,  Guppy. 
Murex  Domingensis,  Sow, 
Typhis  alatus,  Sow. 
Persona  similima,  Sow. 
Triton  variegatus,  Lam. 
  femoralis,  Linn. 

  gemmatus,  Eeeve. 
Oliva  cylindrica,  Sow. 

  hispidula,  Lam. 
Mitra  Henekeni,  Sow. 
  varicosa,  Sow. 
Fasciolaria  semistriata,  Sow. 
  intermedia,  Sow. 
Turbinellus  ovoideus,  Kien. 
  validus,  Sow. 
  Haitensis,  Sow. 
Latirus  infundibulura,  Gmcl. 
Fusus  Henekeni,  Sow. 
  Haitensis,  Sow. 
Pyrula  melongena,  Linn. 
Marginella  coniformis,  Sow. 
Cypr^ca  Henekeni,  Sow. 
  pustulata,  Lam. 
Voluta  pulcbella,  Sow. 
  soror,  Sow. 
Columbella  Haitensis,  Sow. 
  venusta.  Sow. 
Cancellaria  lajvescens,  Guppy. 
  Barretti,  Gupjpy. 
  Moorei,  Guppy. 
Pleurotoma  Henekeni,  Sow. 
  venustum,  Sow. 

  censors,  "Sow. 
  Haitense,  Sow. 

  Jaquense,  Sow. 
Terebra  flammea.  Lam. 
  suleifera.  Sow. 

Terebra  injequalis,  Sow. 
  bipartita.  Sow. 
Phos  Moorei,  Guppy. 
  elegans,  Guppy. 

Nassa  incrassata,  Mull. 
Ceritbium  plebeium.  Sow. 
  uniseriale,  Sow. 

Natica  subclausa.  Sow. 
  sulcata,  Horn. 

  pbasianelloides,  -D'  Orh. Solarium  quadriseriatum.  Sow. 
Dentalium  Mississipense,  Conr. 
Petaloconchus  sculpturatus,ica 
Vermetus  papulosus,  Guppy. 
Bulla  striata,  Brug. 

  paupercula.  Sow. 
  granosa.  Sow. 
Corbula  viminea,  Guppy. 

Venus  Paphia,  Linn. 

  puerpera,  Linn. 
Lucina  Pennsylvanica,  Linn. 
  tigrina,  Linn. 

Tellina  biplicata,  Conr. 
Cardita  scabricostata,  Guppy. 
Cardium  Haitense,  Sow. 
Pectunculus  acuticostatus,  Sow 
Area  patricia,  Sow. 
  Nose,  Linn. 

•   consobrina,  Sow. 
  pexata.  Say. 

Pecten  Thetidis,  Sow. 
  ingequalis,  Sow. 

  oxygonus,  Sow. 
Spondylus  bifrons.  Sow. 
Chama  arcinella,  La7n. 
Ostrea  virginica,  Gmel. 
Teredo  fistula,  Lea. 

There  are  several  undescribed  species  in  the  Geological  Society's collection. 

b.  Jamaica. — As  I  have  so  recently  given  an  account  of  the  Mio- 
cene Mollnsca  of  Jamaica*,  I  need  do  no  more  than  give  the  names 

of  some  additional  species.     These  are : — 
Turritella  tornata,  spec.  nov. 
Corbula  yieta,  spec.  nov. 

Nesera  costellata,  Desh.f 

The  Corals  of  the  Miocene  deposits  of  Jamaica  have  been  described 
by  Dr.  Duncan $.  Three  species  of  Echinoderms  are  known  from  the 
Tertiaries  of  Jamaica :  they  have  been  named  by  Michelin ;  but  one 
only  (Clypeaster  ellipticus)  has  been  described  or  figured. 

c.  Trinidad. — I  have  alluded  to  the  Caroni  series  in  my  paper  on 
the  Jamaican  fossils.  Its  relation  to  the  other  Tertiaries  is  shown 

by  the  diagram  (fig.  2).  Further  particulars  will  be  found  in  the 

^  Geological  Eeport  on  Trinidad' §  ;  and  it  is  only  necessary  now  to 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  281. 
t  I  learnt  the  occurrence  of  this  shell  in  Jamaica  from  Mr.  J.  Gwyn  Jeffreys. 
X  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  p.  1. 
§  Wall  and  Sawkins,  Geological  Eeport  on  Trinidad,  p.  41. 



576 
PROCEEDIN-GS  OF  THE  GEOLOGICAL  SOCIETY.  [JlUie  20, 

give  a  list  of  the  fossils  determined  by  me.  The  Moruga  series  is 
classified  with  the  Caroni  series  by  the  Geological  Survey  of  the  West 
Indies;  but  I  have  no  information  as  to  its  fossil  contents,  beyond  the 
list  of  genera  given  in  the  Eeport.  The  following  species  are  from 
the  Caroni  series  at  Savanetta  on  the  Parian  side  of  the  island : — 

Turbinellus  ovoideus,  Kien. 
Solarium  quadriseriatum,  Sow. 
Petaloconchus  sculpturatus,  Lea. 
Dosinia  acetabulum,  Conrad. 
Tellina  biplicata,  Conrad. 

Pecten  oxygonus,  Sow. 
  comparilis,  Tuomey  ̂   Holmes. 
Ostrea  virginica,  Gmel. 
Ficula  carbasea,  spec.  nov. 
Teredo  fistula,  Lea. 

The  Mollusca  occur  generally  of  large  size.  Several  of  the  unde- 
termined species  resemble  shells  from  San  Domingo ;  but  their  con- 

dition is  such  as  to  render  it  unsafe  to  give  the  names. 
Numerous  seams  of  coal  occur  in  the  series,  some  of  which,  being 

of  workable  thickness  (3  to  4  feet),  may  eventually  prove  of  use. 
There  are  at  present  no  facilities  for  getting  at  the  coal,  owing  to  the 
want  of  roads  and  paucity  of  inhabitants  in  that  part  of  the  country 
where  the  beds  are  exposed. 

d.  Gumana. — I  have  already  alluded  to  the  nature  of  the  beds 
containing  Miocene  fossils  at  Cumana  on  the  north  coast  of  Vene- 

zuela*. Further  particulars  will  be  found  in  Mr.  Wall's  communi- 
cation "  On  Yenezuela  and  Trinidad."  t  The  fossils  have  not  hitherto 

been  determined  ;  but  a  list  of  the  genera  will  be  found  in  the  Ap- 
pendix to  the  Geological  Eeport  on  Trinidad  j.  The  following  is  a 

list  of  the  species  which  I  have  been  able  to  determine : — 
Pyrula  melongena,  Linn. 
Murex  Domingensis,  Sow. 
Persona  simillima,  Sow. 
Fasciolaria  Tarbelliana,  Grat. 
Columbella  venusta,  Sow. 
Conus  gracilissimus,  Gwppy. 

  symmetricus.  Sow. 
Oliva  hispidula,  Lam. 

  cylindrica,  Sow. 
Marginella  coniformis,  Sow. 
  interrupta.  Lam. 
Cancellaria  Moorei,  Gujppy. 
Terebra  inaequalis,  Sow. 
Pleurotoma  Haitense,  Sow. 
  Barretti,  Guppy. 
Phos  elegans,  Guppy. 
Nassa  solidula,  spec.  nov. 
Cerithium  plebeium,  Sow. 
  uniseriale,  Sow. 

Melanopsis  cepula,  spec.  nov. 
Turritella  torn^ta,  spec.  nov. 
Turbo  castaneus,  Gmel. 
Natica  sulcata,  Born. 
Bulla  striata,  Brug. 

Venus  Paphia,  Linn. 
  Woodwardi,  Guppy. 
  cancellata,  Linn. 

Cytherea  juncea,  spec.  nov.   convexa,  Say. 

Lucina  Pennsylvanica,  Linn. 
  tigrina,  Linn. 
Cardium  Haitense,  Sow. 

Pectunculus  pennaceus.  Lam. 
  —  acuticostatus,  Sow. 
Area  consobrina,  Sow. 

incongrua,  Say. 

From  this  list,  which  must  be  regarded  as  a  provisional  one,  it 
will  be  seen  that  the  proportion  of  recent  species  (39  per  cent.)  is 

greater  than  has  been  determined  for  any  of  the  other  Caribean  Mio- 
cene deposits.  This  may  be  partly  due  here,  as  elsewhere,  to  the 

facility  with  which  I  have  been  able  to  identify  recent  species.  Of 
the  fourteen  recent  species,  only  three  have  not  been  recorded  from 
other  West-Indian  Miocene  beds.     Of  the  total  of  thirty-seven  spe- 

*  Quart  Journ.  Geol.  Soc.  vol.  xxii.  p.  282. 
t  Ibid.  vol.  xvi.  p.  460. Eeport,  &c.  p.  163. 
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cies,  nineteen  have  been  found  in  Jamaica,  and  twenty-five  in  San 
Domingo,  leaving  but  seven  now  enumerated  for  the  first  time  from 
the  Caribean  Miocene.  From  this  analysis  it  will  be  seen  that  it 
would  be  difficult  to  separate  the  Cumana  beds  from  the  Caribean 
Miocene,  and  at  the  same  time  that  it  is  probable  they  represent 
one  of  the  highest  stages  of  that  formation. 

§  5.  The  Age  of  the  Caribean  Miocene. 

The  affinities  of  the  organic  remains  of  the  Caribean  Miocene  are 
stronger  with  foreign  species,  both  Midtertiary  and  E-ecent,  than 
with  the  existing  fauna  of  the  West  Indies,  indicating  an  antiquity 
somewhat  greater  than  would  be  adduced  for  them  from  the  propor- 

tion of  extinct  species,  which  I  cannot  consider  greater  for  those 
deposits  I  have  classed  as  Upper  Miocene  than  80  per  cent.  In  ray 
paper  on  the  Jamaican  fossils  I  showed  that  the  proportion  of  recent 
species  was  20  per  cent. ;  and  by  comparing  the  list  I  have  given  of 
the  San  Domingan  MoUusca,  it  wiU  be  seen  that  a  similar  proportion 
obtains  for  them.  In  explanation  of  the  discrepancies  between  my 
list  and  previous  estimates,  I  may  remark  that  I  cannot  consider  the 
Pyrida  consors  of  Sowerby  to  be  distinct  from  the  P.  melongena  of 
Linne,  nor  the  Ostrea  Haitensis  of  Sowerby  to  be  specifically  distin- 

guishable from  the  0.  virginica  of  GmeHn.  Mr.  Carrick  Moore,  in 
the  latter  of  his  papers  on  the  San  Domingan  fossils,  reduced  the  pro- 

portion of  living  species  to  8  or  9  per  cent. ;  but  this  was  done  by 
assigning  certain  of  them  to  deposits  of  a  later  period.  However,  as 
those  species  haye  been  found  in  Jamaica  and  elsewhere  associated 
with  the  characteristic  fossils  of  the  Caribean  Miocene,  I  have  not 
felt  myself  justified  in  excluding  them  from  the  Haitian  list. 

§  6.  Other  Tertiary  Formations  in  the  West  Indies. 

There  exists  m  several  of  the  West-Indian  islands  undoubted  later 
Tertiaries  containing  a  very  large  proportion  of  recent  species.  This 
seems  to  have  been  partly  the  cause  of  the  confusion  as  to  the  age 
of  some  of  the  fossils.  Our  knowledge  of  the  geology  of  these  islands 
being  so  limited,  some  authors  have  inferred  that  all  the  fossils  were 
derived  from  the  same  formation.  It  is  often  difficult  to  distinguish 
between  the  rocks  composing  the  newer  and  older  formations,  both 
being  sometimes  white  calcareous  deposits,  and  the  newer  frequently 
being  the  hardest. 

The  Tertiary  formations  of  Guadeloupe  have  been  studied  by 
Duchassaing,  who  divides  them  into  JSTewer  and  Older  Pliocene  and 

Miocene*.  To  the  first  of  these  are  assigned,  amongst  other  depo- 
sits, those  containing  human  remains.  From  the  Older  Pliocene 

Duchassaing  obtained  twenty-six  speciesof  Mollusca,  many  of  which 
he  identified  with  recent  species  f.  He  records  from  the  same  beds 
thirteen  Echinoderms,  of  which  seven  are  extinct.  It  would  seem 
that  these  results  are  somewhat  discordant ;  and  when  we  consider 

*  Bull.  Soc.  Geol.  de  France,  ser.  2.  vol.  iv.  (1847)  p.  1093. 
t  Ibid,  ser,  2.  vol.  lii.  p.  753. 
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that  some  of  the  MoUusca  are  identified  with  European  Eocene  spe- 
cies, it  is  obvious  that  we  cannot  consider  our  knowledge  of  the 

Tertiaries  of  Guadeloupe  at  all  exact.  InDuchassaing's  list  eight 
corals  are  mentioned.  Dr.  Duncan  has  also  treated  of  the  fossil 

corals  of  Guadeloupe*. 
Duchassaing  refers  centain  deposits  to  the  Miocene.  Erom  the 

lower  volcanic  sands,  which  he  includes  in  this  formation,  he  only 
gives  us  the  names  of  two  Mollusca,  one  of  which  he  considers  to  be 
identical  with  a  Paris-basin  species,  and  the  other  occurs  in  his 
Older  Pliocene.  According  to  Moreau  de  Jonnesf,  the  Miocene 
formation  includes  Terehratidce  like  those  of  more  ancient  strata.  If 

this  is  the  case,  it  may  be  the  equivalent  of  the  San  Eernando  beds 
in  Trinidad. 

M.  Payen  found  fossils  in  Guadeloupe  referable  to  Cyprcea,  Tere- 
hratida,  Spatcmgus,  and  Echinus.  Deshayes  considered  these  to  be 
Quaternary,  and  the  Terehratula  to  belong  to  a  new  species  J. 

In  Trinidad,  beneath  a  large  unfossiliferous  detritai  series,  there 
exists  a  Phocene  formation,  exposed  at  Matura  on  the  east  coast, 
from  which  I  have  already  published  a  list  of  species  §.  Many  of 
my  determinations  were  doubtless  erroneous ;  but  to  provide  for 
mistakes  of  this  kind  I  affixed  marks  to  such  of  the  species  as  I  had 
compared  and  found  identical  with  recent  forms.  I  see  no  ground 
for  changing  my  opinion  as  to  the  relative  age  of  these  beds,  although 
it  is  probable  that  the  percentage  of  extinct  species  is  somewhat 
greater  than  stated. 

The  greater  part  of  the  island  of  Barbados  appears  to  consist  of 
Tertiary  rocks  which  have  been  divided  into  two  main  divisions. 
The  newest  of  these,  the  coral-limestone,  contains  a  large  number  of 

recent  species.  IN'o  extinct  species  of  Mollusca  are  recorded  from  it. The  Scotland  formation  is  considered  to  be  older,  and  the  following 
shells  have  been  described  from  it|| : — 

Scalaria  Ehrenbergi,  Forbes.        I        Nucula  Schomburgki,  Forbes. 
Nucula  Packeri,  Forbes,  \ 

This  formation  was  considered  to  be  Miocene  by  Professor  Eorbes ; 
and  it  seems  to  include  the  deposits  containing  siliceous  organisms^. 
Dr.  Duncan  has  described,  in  his  paper  before  cited,  three  species  of 
corals  from  Barbados. 

Barbuda  contains  a  formation  resembling  the  coral-limestone  of 
Barbados.  It  consists  of  a  white  calcareous  deposit  full  of  shells,  all 
of  which  are,  as  far  as  I  have  examined,  of  existing  species.  The 
existence  of  a  Miocene  formation  in  that  island  seems,  nevertheless, 

to  be  indicated  by  the  corals  described  by  Dr.  Duncan.  That  palae- 
ontologist has  also  described  corals  from  Montserrat  &c. 

*  Quart.  Jo  urn.  Geol.  Soc.  vol.  xix.  pp.  412,  452. 
t  Cited  by  Duchassaing,  Bull.  Soc.  Geol.  France,  ser.  2.  vol.  iv.  p.  1093. 
X  Bull.  Soc.  Geol.  de  France,  ser.  2.  vol.  xx.  (1863)  p.  475. 
§  Geological  Magazine,  vol.  ii.  (1865)  p.  256. 
II  Schomburgk,  History  of  Barbados,  p.  565. 

^  Ehrenberg's  account  of  these  fossils  vras  partly  translated  in  Ann.  Nat.  Hist, 
vol.  XX.  p.  115. 
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D^Orbigny  has  published  figures  of  a  number  of  fossils  from  Cuba, 
which  he  identifies,  for  the  most  part,  with  recent  species*  ;  but  as 
they  are  all  casts,  it  is  difficult  to  place  reliance  on  the  determina- 

tions. Two  of  his  species  I  have  recognized  in  the  Miocene  beds  of 
Jamaica,  San  Domingo,  and  Trinidad.  One  of  these  is  the  Natica 
jjJiasianelloides,  and  the  other  is  Tellina  Sagrce,  which  seems  to  me 
identical  with  T.  hiplicata  of  Conrad. 

Beyond  some  general  notices  scattered  through  various  works,  I 
believe  but  little  more  is  known  of  the  geology  and  palaeontology  of 
the  West  Indies  than  I  have  indicated.  The  present  summary, 
though  not,  perhaps,  of  much  interest  as  far  as  it  relates  to  the 
later  Tertiaries,  will  be  of  service  to  future  investigators  of  West- 
Indian  geology  f. 

II.  Descriptions  of  the  New  Species. 

1.  KiSSA  SOLIDULA,  SpCC.  UOV. 

Shell  turreted,  thick,  costated  by  stout  distant  rounded  ribs,  which 
are  almost  developed  into  tubercles  on  the  angle  of  the  whorls,  and 
are  cancellated  by  numerous  fine  and  close  spiral  costeUse,  of  which 
there  are  usually  two  finer  in  the  interval  between  two  larger  ones ; 
spire  conical,  sharp ;  whorls  8,  somewhat  angulate  above,  the  last 
much  larger,  forming  two-thirds  of  the  length  of  the  shell ;  outer 
lip  dentate,  thickened  externally,  forming  a  varix  ;  columeUar  margin 
with  a  narrow  callus;  columella  strongly  twisted;  canal  short, 
abruptly  reflected. 

This  form  is  related  to  N.  prismatiea,  Brocchi;  but  there  are  con- 
siderable differences,  among  which  are  the  relative  narrowness  of 

the  present  shell  and  its  sharper  spire. 

Locality. — Cumana,  Upper  Miocene. 

2.  Ancillaria  lamellata,  spec.  nov. 

Shell  ovate- conic  ;  spire  elevated,  acuminate,  spirally  striated ;  last 
whorl  rather  ventricose,  spirally  striate  above ;  aperture  suboval, 
elongate  ;  columellar  margin  rather  strongly  folded  and  bearing  a 
lamellar  parietal  tooth  or  plait,  which  extends  into  the  interior,  ob- 

structing the  posterior  part  of  the  aperture. 

^  Paleontologie  de  Cuba. 
t  Besides  the  various  memoirs  already  cited,  the  following  wiU  be  found  in 

the  publications  of  the  Geological  Society : — 
Bahamas. — Nelson,  Quart.  Journ.  vol.  ix.  p.  200. 
Barbados. — Skey,  Geol.  Trans.  1st  ser.  vol.  iii.  p.  238 ;  Ehrenberg,  Quart. 

Journ.  vol.  iv.  pt.  2.  p.  19. 
Bermuda. — Yetch,  Geol.  Trans.  2nd  ser.  vol.  i.  p.  172 ;  Nelson,  Geol.  Trans. 

2nd  ser.  vol.  v.  p.  103. 
Jamaica. — De  la  Beclie,  Geol.  Trans.  2nd  ser.  vol.  ii.  p.  143 ;  Owen  (On  a 

Fossil  Mammal),  Quart.  Journ.  vol.  ii.  p.  541. 
Montserrat. — Nugent,  Geol.  Trans.  1st  ser.  vol.  i.  p.  185. 
Trinidad. — Nugent,  Geol.  Trans.  1st  ser.  vol.  i.  p.  63. 
Jamaica. — Sawkins,  Quart.  Journ.  vol.  xix.  p.  35. 

With  the  exception  of  those  by  Owen  and  Ehrenberg,  the  above  papers  relate 
chiefly  to  the  physical  and  mineralogical  structure  of  the  islands. 
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This  shell,  near  in  general  shape  to  A.  glandina,  is  distinguished 
by  the  enamel  which  is  spread  over  the  spire  being  regularly  and 
distinctly  spirally  striated  or  grooved,  aud  by  the  strong  parietal  plait. 
In  some  examples  the  spiral  grooving  covers  the  whole  of  the  whorls  ; 
but  in  others  the  greater  part  of  the  last  whorl  is  smooth.  The 
columella  is  grooved  in  a  similar  manner. 

Lower  Miocene,  Manzanilla,  Trinidad. 

3.  PiCULA  CAEBASEA,  SpCC.  UOV. 

Shell  pyriform,  somewhat  ventricose  ;  spire  short,  scarcely  elevated; 
whorls  5,  ornamented  with  equidistant  raised  spiral  lines,  of  which 
there  are  three  finer  between  every  two  of  the  larger  lines,  their 
interstices  being  cancellated  by  numerous  fine  subequal  raised  lines, 
which  scarcely  rise  upon  the  spiral  ones ;  suture  sunk ;  aperture 
ovate,  wide,  nearly  as  long  as  the  shell. 

This  species  closely  resembles  F.  clathrata,  Lam.,  from  which  it  is 
distinguishable  by  the  ornamentation. 

Trinidad  (Caroni  Series);  Anguilla. 

4.  Melakopsis  capula,  spec.  nov. 

Shell  ovate-turreted ;  spire  conical,  sharp  ;  whorls  about  7,  regu- 
larly increasing,  ornamented  superiorly  with  fine  costae,  becoming 

obsolete  on  the  last  whorl,  which  forms  more  than  half  the  length  of 
the  shell ;  suture  linear,  impressed ;  aperture  ovate  ;  outer  lip  sim- 

ple, prominent ;  collumella  twisted ;  canal  short  and  broad. 
I  do  not  know  of  any  form  resembling  this  species,  which  was 

probably  not  a  freshwater  shell.  It  may  possibly  have  been  an 
estuarine  form.  It  reminds  one  of  a  shortened  and  widened  Eulimaj 
or  even  a  Stylifer. 

Upper  Miocene,  Cumana. 

5.  Ttieeitella  toek-ata,  spec.  nov. 
Shell  turreted,  elongate ;  whorls  numerous,  increasing  very  gra- 

dually, ornamented  with  two  spiral  keels,  each  bearing  a  monili- 
form  row  of  granules ;  the  upper  keel  accompanied  by  a  granular 
line  halfway  between  it  and  the  linear  suture  ;  the  rounded  conca- 

vity between  the  keels  having  also  two  fine  linear  spiral  rows  of 
moniliform  granules ;  aperture  subquadrate. 

Upper  Miocene,  Cumana ;  Jamaica ;  San  Domingo. 

6.  Coebula  vieta,  spec.  nov. 

Shell  subtrigonal,  nearly  equilateral,  rounded  at  both  extremities, 
scarcely  truncate  posteriorly ;  right  valve  turgid,  ornamented  with 
numerous  stout,  rounded,  concentric  costae ;  umbones  prominent. 

This  shell  is  variable  as  to  height,  small  examples  approaching  in 
form  to  C.  elevata,  Conr.  It  appears  to  be  most  closely  allied  to 
C.  gibha  and  C.  pisum,  from  which  it  is  distinguished  by  its  greater 
size  and  stouter  concentric  ribs,  of  which  there  are  between  thirty 

and  forty  on  the  large  valve  of  well-grown  examples  of  C.  vieta.  It 
is  also  less  truncate  posteriorly  than  the  species  mentioned. 
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Lower  Miocene,  Manzanilla,  Trinidad ;  Upper  Miocene,  Jamaica. 
It  also  occurs  in  the  Pliocene  of  Trinidad. 

7.  Cercomya  led^formis,  spec.  nov. 

Shell  transverse,  elongate,  inequilateral,  thin,  closely  covered  with 
numerous  fine  and  regular  longitudinal  or  concentric  ridges  ;  ante- 

riorly rounded;  posteriorly  produced  into  a  pointed  rostrum,  of 
which  the  upper  margin  is  concave ;  posterior  cardinal  area  strongly 
impressed. 

In  addition  to  the  strong  ridge  defining  the  cardinal  area  a  second 
ridge  runs  from  the  umbo  to  the  end  of  the  rostrum,  upon  which,  in 
some  examples,  the  concentric  ridges  rise  into  small  points. 

I  have  not  been  able  to  observe  the  details  of  the  hinge  of  this 
shell.  The  right  valve  alone  has  occurred  to  me  in  a  moderately 
perfect  state ;  but  fortunately  I  have  discovered  some  shattered  left 
valves,  which  prove  that  this  shell  is  not  a  Pandora  with  a  flat  left 
valve,  which  I  at  first  imagined  it  might  be.  I  have  therefore  con- 

sidered it  to  belong  to  the  genus  Cercomya,  which  has  not  hitherto 
been  recorded  from  Tertiary  rocks. 

Lower  Miocene,  Manzanilla,  Trinidad. 

8.  Mactrinula  macescens,  spec.  nov. 

SheU  oblong- sub  trigonal,  thin,  compressed,  nearly  equilateral,  with 
broad  transverse  sulcations,  which  begin  at  the  keel-like  ridge  on 
the  posterior  margin,  and  are  continued  to  the  rounded  and  somewhat 
produced  anterior  margin;  umbones  small,  depressed;  posterior 
marginal  area  separated  by  an  acute  keel,  extending  from  the  umbo 
to  the  angle  of  the  inferior  margin ;  hinge  with  a  double  cartilage- 
pit  and  a  /\ -shaped  cardinal  tooth  in  the  left  valve ;  laterals  in  the 
same  valve  lameUar,  forming  a  deep  groove  for  the  ligament ;  laterals 
in  the  right  valve  lamellar,  doubled ;  cardinal  tooth  obsolete. 

The  nearest  recent  ally  of  this  shell  is  M.  plicataria,  Linn.,  which 
is  an  inhabitant  of  the  Indian  Ocean.  It  is  more  distantly  related 
to  M.  prcBtenuis,  Conrad,  of  the  Eocene  deposits  of  North  America. 

Lower  Miocene,  Manzanilla,  Trinidad. 

9.  Venus  Walli,  spec.  nov. 

Shell  subtrigonal,  somewhat  inequilateral,  anteriorly  rounded, 
posteriorly  somewhat  angular,  ornamented  with  numerous  small  and 
fine  close  radiating  costellse,  interrupted  by  high  concentric  crenu- 
late  ridges,  which  are  higher  and  closer  towards  the  ventral  margin ; 
umbones  small,  prominent ;  lunule  impressed,  sinuately  striated, 
circumscribed  by  a  sharp  groove ;  posterior  cardinal  area  distinct, 
striate. 

On  the  disk  the  costellae  are  distinctly  paired,  with  a  smaller 
intermediate  costella  between  each  pair ;  but  near  the  keel  which 
runs  from  the  umbo  to  the  posterior  angle,  separating  the  striate 
posterior  margin,  the  costellae  are  larger  and  single,  and  the  concen- 

tric ridges  die  away  into  the  striations. 
This  species  is  related  to  the  recent  V.  cancellata. 
Lower  Miocene,  Manzanilla,  Trinidad. 
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10.  Ctthekea  juncea,  spec.  nov. 
Shell  subtrigonal,  rounded  anteriorly,  and  somewhat  angular  and 

truncate  behind,  ornamented  with  numerous  thin  concentric  lamellae, 
alternately  rather  higher;  posterior  cardinal  area  slightly  folded, 
rather  indistinct ;  lunule  impressed,  striated ;  umbo  small,  incurved ; 

hinge-teeth  strong,  the  hinder  (of  the  right  valve)  bifid,  the  two 
anterior  ones  compressed,  close  together,  and  having  before  them  a 
deep  oblong  pit  for  the  reception  of  the  tooth  of  the  opposite  valve. 
Hinge- area  with  a  long  groove  extending  from  the  termination  of 
the  ligament  nearly  to  the  posterior  angle. 

Upper  Miocene,  Cumana. 

11.  DosiNiA  cYCLicA,  spec.  nov. 

Shell  nearly  orbicular,  thick,  subin equilateral,  scarcely  swollen, 
finely  and  regularly  concentrically  striated,  with  occasional  deeper 
subrugose  lines  of  growth  towards  the  ventral  margin;  umbones 
small,  compressed,  and  closely  approximate ;  lunule  entirely  wanting ; 
margins  plain.  Hinge  consisting  of  a  broad  flat  plate  circumscribed 
by  the  raised  dorsal  margin ;  teeth  three,  large ;  the  central  and 
largest  one  placed  immediately  under  the  umbo ;  the  other  two 
lamellar  and  divergent,  the  posterior  one  largest. 

This  shell  has  the  general  shape  of  Dosinia  discus.  It  is  also 
allied  to  D.  orbicularis  of  the  Bordeaux  deposits.  It  wants  the 
lunule  and  the  small  anterior  tooth  ascribed  to  the  genus  Dosinia, 
and  I  thought  at  first  of  referring  it  to  Cyclina.  The  general 
character  of  the  hinge,  as  well  as  of  the  exterior,  however,  resembles 
that  of  D.  orbicularis  so  closely  that  I  have  decided  to  place  it  under 
the  same  generic  name  as  that  species.  It  is  evidently  intermediate 
in  some  respects  to  the  two  genera  mentioned.  It  is  readily  distin- 

guished from  D.  acetabulum,  another  species  to  which  it  bears  some 

resemblance,  by  the  very  different  arrangement  of  the  hinge-teeth, 
by  the  total  absence  of  a  lunule,  and  by  the  umbo  being  less  in- 
curved. 

Lower  Miocene,  Manzanilla,  Trinidad. 

12.  Caedifm  castum,  spec.  nov. 
Shell  subovate,  somewhat  oblique,  ventricose,  ornamented  with 

about  twenty-two  stout,  rounded,  radiating  ribs,  imbricated  by 
numerous  transverse  striee,  which  are  continuous  across  the  inter- 

stices ;  umbones  small,  prominent ;  posterior  margin  divided  from  the 
disk  by  a  rounded  carination ;  margins  pectinate. 

Allied  to  the  recent  C.  obovale,  Sow.  In  young  examples  the 
difference  in  size  of  the  ribs  on  the  disk  and  those  on  the  posterior 
margin  is  more  marked,  and  gives  a  strongly  carinate  appearance  to 
the  sheU,  which  is  scarcely  so  conspicuous  in  larger  specimens. 

Lower  Miocene,  Manzanilla,  Trinidad. 

13.  Erycina  tensa,  spec.  nov. 

Shell  ovate,  subequilateral,  minutely  striated  concentrically  with 
about  fourteen  low  and  somewhat  distant  radiating  ribs ;  anteriorly 
rounded,  posteriorly  truncate  ;  umbones  not  prominent. 
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I  do  not  know  of  any  recent  or  fossil  West-Indian  species  at  all 
resembling  this  shell,  which  seems  to  be  related  to  E.  ohliqua, 
Caillat  {E.  nitidula,  Desh.),  of  the  Paris  basin. 

Lower  Miocene,  Manzanilla,  Trinidad. 

14.  Arca  Trinitaria,  spec.  nov. 

Shell  solid,  snbtriangular,  oblique,  rather  inequilateral,  with  about 
forty  unarmed  ribs,  which  occasionally  become  imbricated  towards 
the  ventral  margin ;  umbones  prominent,  curved,  separated  by  a 
ligamental  area  with  grooves  corresponding  to  the  anterior  hinge- 
teeth  ;  posterior  margin  nearly  flat,  cordate,  divided  from  the  disk 
by  an  abrupt  angular  carination;  anterior  edge  short,  rounded; 
ventral  edge  nearly  straight;  inner  margin  strongly  dentate. 
Hinge-teeth  numerous,  lamellar,  the  lateral  ones  bent  into  an  angle. 

Allied  to  A.  ponderosa,  Say.  It  may  easily  be  distinguished  by 
the  number  of  ribs  and  by  other  characters.  It  may  possibly  have 
been  confounded  with  A.  incongrua  by  the  Geological  Survey ;  but  it 
is  very  distinct  from  that  species.  A.  Trinitaria  may  be  distinguished 
from  all  other  Arks  with  which  I  am  acquainted  by  the  strong  angu- 

lar posterior  ridge  and  flat  posterior  margin,  which  give  so  peculiar 
an  appearance  to  the  shell.  The  lateral  hinge-teeth,  which  are  bent 
into  the  form  of  an  L,  also  afford  a  good  character  for  the  distinction 
of  this  species. 

Lower  Miocene,  Manzanilla,  Trinidad. 

15.  Arca  filicata,  spec.  nov. 

Shell  subquadrate,  oblique,  somewhat  inequilateral,  rather  inequi- 
valve,  with  about  thirty  ribs,  broader  than  their  interstices,  and 
nodosely  crenate,  becoming  nearly  smooth  on  the  disk  of  the  right 
valve ;  beaks  prominent,  oblique,  their  apices  rather  remotely  sepa- 

rated by  a  broad  and  well- developed  lanceolate  ligamental  area; 
margins  strongly  dentate,  rounded,  forming  angles  anteriorly  and 
posteriorly  with  the  hinge-line,  which  is  straight,  and  furnished  with 
a  regular  series  of  small  parallel  teeth. 

A  species  allied  to  A.  pexata,  but  having  the  umbones  separated 
by  a  well-developed  ligamental  area,  which  is  nearly  wanting  in 
that  shell. 

Lower  Miocene,  Manzanilla,  Trinidad. 

16.  Grtph^a  athyroides,  spec.  nov. 

Shell  oval,  gibbous,  slightly  irregular;  upper  valve  convex, 
marked  by  deep  and  wide  sulci  of  growth;  lower  valve  broadly 
carinate  along  its  mesial  portion  from  the  umbo  to  the  front  mar- 

gin, plicated  by  several  obsolete  radiating  folds ;  lines  of  growth 
strongly  marked,  undulated ;  umbo  small,  produced,  and  abruptly 
truncate. 

This  oyster  resembles  an  irregular  Brachiopod ;  and  the  umbo  of 
the  lower  valve  is  produced  and  truncated  by  a  circular  concavity 
resembling  a  foramen,  but  which  does  not  extend  into  the  interior. 
The  microscopic  structure  also  excludes  it  from  the  class  Brachiopoda. 

San  Fernaiido  beds,  Trinidad. 
VOL.  xxTi. — part  I.  2  b. 
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17.  Spikoebis  clymenioides,  spec.  nov. 

Tube  coiled,  discoidal,  compressed ;  whorls  usually  three  to  four, 
flattened  or  even  fused  together,  with  sinuo-radiate  lines  of  growth ; 
periphery  carinate ;  aperture  constricted,  circular ;  nucleus  with  an 
obsolete  aperture  nearly  as  large  as  the  terminal  one. 

The  nearest  species  to  this  is  S.  sjoirulcea,  Lam.  (Spirulcea  num- 
mularis, Schlot.),  from  which  the  present  species  may  be  distinguished 

in  never  having  the  last  whorl  produced  or  separated. 
San  Pernando  beds,  Trinidad.  Specimens  frequently  occur  in 

the  cherty  nodules,  containing  immense  numbers  of  Orhitoides  Man- 
telli,  Nummulina,  Cardita,  and  the  curious  fossil  next  to  be  de- 
scribed. 

CissEis,  nov.  gen. 

Body  small,  depressed,  unattached,  divided  into  rays ;  oscula  few, 
large,  generally  disposed  along  the  summits  of  the  rays,  and  sur- 

rounded by  more  numerous  pores,  which  are  developed  on  both 
surfaces. 

18.  CissEis  ASTEKiscus,  spcc.  nov. 

Body  divided  into  obtuse,  somewhat  carinate  rays,  generally  four, 
but  occasionally  more;  oscula  disposed  along  the  summits  of  the 
rays,  and  particularly  on  the  subcorneal  apex ;  pores  numerous. 

The  oscula,  or  larger  apertures,  are  disposed  in  a  group  of  seven 
or  eight  upon  the  apex,  from  which  a  row  is  continued  along  the 
summit  of  each  ray.  The  general  form  of  the  body  is  that  of  a 
small  Pcdmipes.  Between  the  rays  and  towards  the  margins  the 
pores  become  smaller  and  less  distinct. 

The  nature  of  this  body  is  so  problematical  that  my  object  in 
describing  it  is  rather  to  make  known  its  existence,  and  possibly  to 
obtain  some  hint  as  to  its  true  nature,  than  to  draw  any  inference 
from  its  occurrence.  It  is  found  in  considerable  numbers  among  the 
Orhitoides  and  Nummidince  at  San  Eernando,  in  Trinidad.  As  it 
appears  by  its  structure  to  be  more  akin  to  the  fossil  sponges  than  to 
any  other  organisms,  I  have  described  it  as  such,  at  the  same  time 
giving  it  a  generic  name  which  does  not  involve  any  view  as  to  its 
true  affinities.  It  may  possibly  be  a  Poraminifer  ;  but  the  nature  of 
the  pores  and  the  want  of  division  seem  to  be  against  that  view, 
and  the  same  characters  appear  to  preclude  our  placing  it  with  the 
Echinodermata.  In  all  the  specimens  I  have  examined  the  pores  are 
filled  with  a  mineral  infiltration,  in  a  similar  manner  to  those  of  the 

Orhitoides.  The  structure  is  perhaps  as  near  to  that  of  Sjparsis^on- 
(fia  as  to  that  of  any  other  organism. 

III.  Obsebvations  on  the  Eelations  oe  the  Caeibean  Miocene 
P  ATTN  A. 

From  the  researches  which  have  been  made  into  West- Indian 
Palaeontology  it  appears  that  the  fauna  of  the  Miocene  period  in 
these  islands  presents  some  marked  distinctions  from  that  of  the 
United  States,  and  had  a  stronger  resemblance  in  several  of  its 
leading  characters  to  that  of  Europe, — not  that  there  were  no  species 
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common  to  the  Miocene  of  the  West  Indies  and  that  of  North 

America,  but  that  those  types  which  give  a  distinctive  character  to 
the  fauna  of  the  Caribean  Miocene,  and  which  assimilate  it  to  that 
of  Europe,  were  absent  from  the  JSTorth  American  province.  When 
to  this  is  added  the  likeness  of  the  Miocene  faunas  of  the  West 

Indies  and  of  Europe  to  that  now  existing  in  the  east,  it  becomes 
a  matter  of  high  interest  to  explain  the  causes  of  that  simi- 

larity, especially  as  it  has  been  urged  of  late  that  a  similarity  of 
organic  contents  implies  a  want  of  contemporaneity  in  the  contain- 

ing deposits  when  separated  by  a  considerable  interval  in  space. 
Such  explanation  may  possibly  be  found  in  the  former  distribution 
of  land  and  water  allowing  or  preventing  the  free  migration  of 
organic  beings. 

Respecting  the  Atlantis  hypothesis,  it  is  unnecessary  to  suppose 
that  the  Atlantis  existed  as  a  continent  up  to  the  close  of  the  Miocene 

period.  It  appears  just  as  easy  to  account  for  the  facts  by  suppo- 
sing the  existence  of  such  a  connexion  antecedently  to  the  Miocene 

period* ;  for,  as  far  as  regards  the  Swiss  flora,  Heer  does  not  consider 
any  of  the  species  to  be  identical  with  living  or  fossil  American  forms. 
If  they  are  merely  closely  allied  species,  they  may  have  been  derived 
from  common  ancestors  in  the  Eocene  period,  or,  at  any  rate,  in  the 
beginning  of  the  Miocene.  Our  views  on  this  point  must  partly 
depend  on  the  longevity  of  vegetable  species  as  compared  with  those 
of  Mollusca  ;  but,  as  bearing  on  the  subject,  we  have  the  testimony 
of  Lesquereux  and  Newberry  that  the  Eocene  plants  of  America  are 

closely  related  to  those  of  the  Miocene  of  Europe,  as  well  as  to  'the recent  flora  of  the  former  country  f ;  and  American  geologists  seem 
to  entertain  no  doubt  as  to  the  Eocene  age  of  these  remains,  the 
deposits  in  which  they  are  imbedded  having  been  proved  to  pass 
under  the  Claiborne  (Eocene)  beds. 

I  see,  then,  some  ground  for  adhering  to  the  views  entertained  by 
Eorbes  and  God  win- Austen,  concurred  in  by  Darwin,  and  supported 

by  Dr.  Duncan's  investigations,  that  Europe  was  probably  during 
the  Miocene  period,  much  in  the  condition  of  the  present  Pacific 
Ocean,  and  that,  as  observed  by  the  latter  palaeontologist,  it  is 
reasonable  to  infer  the  prolongation  of  the  maze  of  islands  across 
the  Atlantic.  The  Mollusca  of  the  Caribean  Miocene  generally 
betoken  a  clear  sea,  and  probably  lived  on  the  slopes  of  coral-banks. 
As  confirmatory  of  this  view,  I  may  cite  the  absence  of  littoral  shells 
from  the  Caribean  Miocene  fauna. 

When  the  climate  of  Europe  became  inimical  to  the  existence  of 
those  species  which  were  adapted  only  to  a  high  temperature,  they 
would  migrate  or  become  extinct ;  and  supposing  that  the  Atlantis 
had  in  the  meantime  become  broken  up  and  submerged,  their  migra- 

tion would  take  place  towards  the  east,  presuming  that  there  was  a 
sea-passage  in  that  direction,  which  seems  to  be  generally  considered 

*  Vide  Intellectual  Observer,  No.  ivi.  pp.  88-97.  Mr.  Jenkins  informs  me 
that  his  paper  was  written  in  ignorance  of  the  coincidence  in  the  views  we  enter- 

tain on  this  svibject,  and  without  a  knowledge  of  the  contents  of  this  paper, 
t  Dana,  '  Manual  of  Geology,'  p.  513. 2ll  2 
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extremely  probable.  It  would  also  render  the  palaBontological  facts 
more  easy  of  explanation  if  it  could  be  shown  that  the  breaking-up 
and  submergence  of  the  Atlantic  land  began  in  the  west  and  pro- 

ceeded towards  the  east.  Prom  such  a  succession  of  circumstances 

it  would  result  that,  while  the  European  Miocene  fauna  would  be 
related  to  the  Eastern  recent  fauna,  the  relations  of  the  Caribean 
Miocene  fauna  would  be  towards  the  European  Miocene  and  the 
Eastern  recent  faunas,  which  seems  to  be  in  conformity  with  the 
facts  already  set  forth,  as  I  shall  further  endeavour  to  show  in  this 
paper.  The  affinities  with  the  Eastern  fauna  are,  as  might  be  ex- 

pected, somewhat  less  close  than  with  the  European  Miocene. 
The  inferences  arrived  at  from  a  study  of  the  Asiatic  recent  and 

Tertiary  faunas  gives  support  to  the  view  that  the  migration  of 
organized  beings  was  towards  the  east,  and  not  from  the  east.  Mr. 
Jenkins,  in  his  paper  on  Javan  fossils,  has  ably  summed  up  the 

arguments  on  this  head* ;  and  it  is  obvious  that  if  Miocene  forms 
migrated  from  Europe  to  the  East  Indies,  where  they  are  in  part 
still  living,  they  could  hardly  get  across  the  Isthmus  of  Panama  in 
time  to  be  imbedded  in  Miocene  deposits,  unless  the  latter  could  be 
shown  to  be  equivalent  in  time  to  the  later  Tertiaries  of  Europe 
(Pliocene),  which,  considering  the  great  change  in  the  fauna  since 
the  deposition  of  the  Caribean  Miocene,  a  change  indicated  by  the 
extinction  of  80  per.  cent,  of  the  Mollusca,  can  hardly  be  assumed  on 
such  grounds. 

I  shaU.  now  consider  more  particularly  the  tendency  of  the  testi- 
mony furnished  by  the  fossils.  And,  taking  first  Cytlierea  planivieta, 

of  the  Miocene  of  Jamaica,  it  is  to  be  observed  that  this  fossil  has 

no  near  recent  ally  in  the  "West  Indies,  but  it  is  closely  related  to 
C.  erycinoides  of  the  Miocene  of  Europe.  Now  both  C.  erycinoides 
and  C.  planivieta  are  closely  related  to  0.  erycina  of  Ceylon.  As  it 
is  a  physical  impossibility  that  a  migration  should  take  place  from 
the  existing  to  a  fossil  fauna  t,  it  follows  that  the  Miocene  form 

must  have  migrated  to  the  east.  But  as  the  "West-Indian  shell  is 
allied  to  the  Bordeaux  species,  it  may  have  been  that  its  route  lay 
through  southern  Europe,  which  it  possibly  reached  through  north- 

em  Africa.  Its  "West-Indian  Miocene  form  was  thus  C.  planivieta, 
its  European  Miocene  form  C.  erycinoides,  and  its  Eastern  form  C. 
erycina.  Lest  it  should  be  supposed,  however,  that  I  rest  my  case 
on  a  single  species,  I  will  mention  some  other  examples.  Takiug  the 
Echinoderms  first,  we  find  that  three  species  of  Ecliinolampas  occur 
in  the  Caribean  Miocene,  their  nearest  allies  being  found  in  the 
Maltese  beds.  That  genus  is  quite  extinct  in  the  AYest  Indies,  its 
place  being  filled  by  Echinometra,  which  is  as  abundant  now  amongst 
the  Antilles  as  the  extinct  Echinolampades  were  formerly.  The  only 
recent  species  of  Echinolampas,  three  in  number,  inhabit  Senegal, 
the  Bed  Sea,  and  the  Pacific.  Cidaris  Melitensis,  of  AnguiUa,  is  to 
me  undistinguishable  from  the  Maltese  urchin.  Of  the  genus 
Cidaris    the    living    species    are    chiefly   found   in   Eastern   seas. 

*  Qiiart.  Journ.  Geol.  Soc.  vol.  xx.  (1864)  p.  62. 
t  Hamilton,  Address  to  the  Geol.  Soc,  Quart.  Joiirn.  Greol.  Soc.  vol.  xxi.  p  xciv. 
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Schizaster  Sdlloe  is  another  species  common  to  the  Miocene  of 
Anguilla  and  the  Maltese  beds.  No  recent  species  are  known  of 
Schizaster  in  the  West  Indies,  the  only  species  so  described  {Peri  - 
aster  Cuhensis)  being  really  a  fossil  from  Cuba  and  Guadeloupe. 
The  present  distribution  of  the  six  recent  species,  including  two 
Periasters,  is  North  Europe,  Mediterranean,  Red  Sea,  and  Australia. 
These  three  genera  are  plentifully  represented  in  the  European 
Miocene.  A  moUusk  of  strongly  marked  type,  which  has  analogous 
relations,  is  Tellina  hipUcata,  found  fossil  in  North  America,  in  San 
Domingo,  and  Cuba,  and  in  the  Caroni  series  of  Trinidad.  It  is 
closely  allied  to  T.  Sohralensis  of  the  Portuguese  Tertiaries,  and  to  T, 
ephipjpium  of  the  Indian  seas.  Among  the  extinct  forms  we  find 
many  relationships  of  this  sort ;  but  in  aU  the  cases  here  cited  the 
affinity  is  most  decided ;  and  I  have  confined  myself  to  those  where 
the  indicated  alliances  of  the  fossils  are  much  more  close  than  to  any 
existing  West-Indian  forms,  and  I  have  avoided  genera  such  as 
Natica,  Turritella,  Pecten,  Murex,  &c.,  where  the  affinities  of  dif- 

ferent species  are  so  various  and  complex  as  to  render  comparisons 
somewhat  doubtful.  But  I  will  now  consider  the  bearing,  which  is 

scarcely  less  remarkable,  of  some  of  those  still- existing  species  of 
MoUusca  which  have  been  found  in  the  Caribean  Miocene.  The 

most  noticeable  of  these  are  Bulla  striata,  Lucina  Pennsylvanica,  and 
L.  tigrina.  The  two  former,  which  occur  in  the  European  Miocene, 
have  not,  I  believe,  been  found  in  the  Eastern  seas,  nor  do  they 
exist  on  the  west  coast  of  America.  Had  they  not  been  discovered 
in  the  Caribean  Miocene,  their  existence  in  the  West-Indian  seas 
might  have  been  cited  to  show  that  species  from  the  European  Mid- 
tertiary  fauna  had  migrated  to  the  West  Indies,  whereas  now  that 
they  are  found  to  occur  in  the  Miocene  of  the  West  Indies  such  an 
inference  becomes  more  doubtful.  Lacina  tigrina  is  so  well-known 
and  so  well-marked  a  species  that  its  distribution  is  of  some  interest 
here.  We  find  that  this  species,  fossil  in  the  Miocene  of  San 
Domingo  and  of  Europe,  is  now  found  living  in  the  West  Indies,  at 
Senegal,  in  the  Red  Sea,  the  Mozambique  Channel,  and  the  Indian 

seas,  and  it  also  occurs  fossil  in  Egypt*.  It  does  not  occur  on  the 
west  coast  of  America.  But  in  order  to  avoid  the  inevitable  length 
to  which  this  paper  would  run  were  I  to  attempt  to  enumerate  all 
the  cases  of  this  kind,  I  have  appended  a  table  in  which  a  few  of  the 
most  striking  of  these  affinities  are  displayed.  I  will  therefore  con- 

clude this  part  of  the  subject  by  mentioning  two  more  instances — 
that  of  the  genus  Cassidaria,  wMch  is  represented  by  two  species  in 
the  Caribean  Miocene,  but  confined  in  the  living  state  to  the  Medi- 

terranean, and  that  of  the  genus  Malea,  which,  like  Cassidaria,  has 
species  in  the  Miocene  of  Europe,  but  its  living  species  occur  in  the 
Eastern  seas,  none  being  knovm  from  the  West  Indies. 

*  Deshayes,  Conchyliologie,  vol.  i.  pt.  2.  p.  795. 
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IV.  Table  showing  the  Afpinities,  of  some  of  the  Fossils  of  the 
Caeibean  Miocene. 

a.  Species  still  living. 

Nassa  incrassata     
Triton  gemmatus   
Pyrula  melongena    . . . 
Bulla  striata   
Venus  Paphia    
  puerpera    
Lucina  Pennsylvanica 

  tigrina    

Ostrea  Virginica    

European  Miocene. 

N.  incrassata. 

P.  melongena. 
B.  striata. 
V.  Paphia 

L.  Pennsylyanica. 

L.  tigrina.         ■< 
O.  Virginica. 

Living  in 

Meditei'ranean . 
Philippines,  &c. 
West  Indies. 
West  Indies. 
West  Indies. 
Indian  Ocean. 
West  Indies. 
West  Indies,  Red  Sea,  Senegal, 

Mozambique,  Indian  Seas. 
North  America. 

b.  Extinct  Species. 

Cassis  monilifera   
Cassidaria  sublaevigata. . . 
Oniscia  Domingensis  . . . 
Persona  simillima    

Typhis  alatus      
Mitra  Henekeni      
Ficula  carbasea   
Columbella  gradata   
Cy therea  planivieta   
Tellina  biplicata     
Pecten  Mortoni      
Cidaris  Melitensis   

Clypeaster  ellipticus   
Echinolampas  semiorbis 
  lycopersicus   
Schizaster  Scillse  ,   
Fasciolaria  Tarbelliana 
Cancellaria  Moorei    

European  Miocene  analogue. 

C.  diadema. 

O.  cithara. 

T.  affinis,  Eichw. 
M.  scrobiculata,  Brocchi. 
F.  clathrata.  Lam. 
C.  curta.  Bell. 
C.  erycinoides. 
T.  Sobralensis,  Shar'pe. 

C.  Melitensis. 

E.  hemisphiericus. 
E.  scutiformis. 
S.  SciUffi. 
F.  Tarbelliana,  Grat. 
C.  ampullacea,  Brocchi. 

Living  analogue. 

C.  striata.    Mediterranean. 
O.cancellata.  Madagascar &o. 
P.  clathrata.  Madagascar  &c. 
T.  pinnatus.     Eastern  Seas. 
M.  filosa.     Eastern  Seas. 
F.  reticulata.     Eastern  Seas. 

C.  erycina.     Ceylon. 
T.  ephippium.  Indian  Ocean. 
P.  Japonicus.     Japan. 

C.  Australasia.  Eastern  Seas. 

I  Living  species  in  Eastern 

I      Seas. F.  filamentosa.  Ceylon  &c. 

The  tendency  of  all  these  facts  can  hardly  be  mistaken,  and  I 
think  I  have  said  enough  to  show  that  my  conclusions  are  based  on 
no  mere  superficial  analogy.  I  have  endeavoured  to  suggest  what 
seems  the  most  probable  explanation ;  and  I  may  add  that,  as  it  has 

been  shown  that  it  is  highly  probable  that  a  great  part  of  N'orth 
Africa  was  submerged  within  the  Tertiary  period*,  it  may  be  that  a 
part  of  the  West-Indian  Miocene  fauna  migrated  to  south  Europe 
and  the  East  by  that  route.  As  I  have  already  mentioned,  Lucina 
tigrina  occurs  fossil  in  Egypt.  It  will  be  unnecessary  for  me  to  say 
more  on  this  point,  because  it  is  easier  to  explain  the  migration  of 
species  on  this  side  of  the  Atlantic  than  to  account  for  the  mode  in 
which  they  crossed  that  ocean.     It  is  not,  however,  without  some 

*  See  Martins,  Eer.  des  deux  Mondes,  July  1864,  cited  in  the  President's 
Address,  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  p.  Ixxxiii. 
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significance  for  this  view  that  the  corals  of  the  Miocene  beds  of 

Madeira  are  analogous  to  those  existing  in  the  Bed  Sea*. 
The  arguments  which  have  induced  me  to  favour  the  view  that 

there  was  some  former  connexion  between  the  shores  of  the  Atlantic, 
do  not  entirely  forbid  the  supposition  that  there  may  have  been, 
during  some  part  of  the  Tertiary  period,  a  connexion,  by  the  way  of 
Panama,  between  the  Atlantic  and  the  Pacific.  Mr.  G.  H.  Saunders 
discovered  fossils  of  the  Caribean  Miocene  on  the  isthmus  in  a  cut- 

ting of  the  Panama  Eailwayf.  Mr.  Carrick  Moore  has  given  us  a 
list  of  West-Indian  Miocene  species  related  to  Pacific  forms  J,  all  of 
which,  however,  do  not  occur  on  the  coast  of  America.  There  is  also 
a  certain  relationship  between  the  recent  faunas  of  the  two  sides  of 
the  isthmus,  as  indicated  by  the  following  list  of  species  either 
identical  or  so  nearly  related  as  in  some  cases  to  present  difiiculty  in 
their  separation : — 

Cytherea  Dione,  West  Indies  and  Mazatlan. 
Purpura  patula,  West  Indies  and  Panama. 
Modiola  Braziliensis,  ,»  „ 

•       Mactra  similis,  „  ,, 
Purpura  undata,  West  Indies  =  P.  biserialis,  Panama. 
  sp.,  ,,         ,,       =  P.  nodosa,  ,, 
Area  illota,  ,,         ,,       =  A.  Tayboyensis,    „ 
  Adamsi,  ,,         ,,       =  A.  soli  da,  ,, 

This  is  not  intended  as  an  exhaustive  list ;  but  it  is  obvious 
that  there  is  nothing  in  it  that  would  lead  us  to  assume  anything 
more  than  a  very  partial  migration.  We  do  not  find  here  that 
strong  chain  of  affinities  which  leads  us  from  the  Caribean  through 
the  European  Miocene  to  the  shores  of  Madagascar  and  Ceylon.  We 
find,  indeed,  that  those  typical  forms  which  are  common  to  the 
Caribean  Miocene  and  the  Indian  seas  do  not  occur  on  the  west 
coast  of  America. 

The  general  conclusions  at  which  I  have  arrived  may  be  shortly 
stated  as  follows : — 

1.  That  the  distribution  of  fossil  and  recent  species  shows  it  to  be 

highly  improbable  that  the  West-Indian  Miocene  forms  reached  the 
localities  where  they  occur  as  fossils  by  way  of  the  Isthmus  of  Pa- 

nama, or  by  an  easterly  route  from  Europe  or  from  the  Indian  seas. 
2.  That  it  is  probable  that  there  was  during  the  early  and  middle 

Tertiaries  such  a  connexion  between  the  shores  of  the  Atlantic  as 

admitted  of  the  migration  of  organized  beings  from  one  side  to  the 
other,  although  the  continents  may  not  have  been  absolutely  joined. 

In  regard  to  the  latter  of  these  conclusions,  it  seems  that  the 
evidence  before  us  can  scarcely  yet  justify  any  positive  assumption 
as  to  the  particular  direction  in  which  the  migration  of  species  took 
place,  or  whether  the  origin  of  the  typical  forms  of  the  Miocene  was 
on  the  western  or  the  eastern  side  of  the  Atlantic,  or  in  the  interme- 

diate region.  Another  view  is  that  there  might  have  been  an  inter- 
change of  species ;  but  this  would  require  a  closer  and  more  perma- 

*  Lyell,  '  Elements  of  Greology,'  6th  ed.  p.  668. 
t  Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  132. 
t  Ibid.  vol.  ix.  p.  131. 
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nent  connexion  of  the  two  sides  of  the  Atlantic.  On  the  whole,  the 
balance  of  evidence  appears  to  be  in  favour  of  the  view  that  there 
was  migration  from  the  western  to  the  eastern  side  of  the  Atlantic. 

In  conclusionj  I  may  observe  that  I  have  been  unavoidably  led  to 
support  a  modification  of  the  Atlantis  hypothesis  provisionally,  and 
until  it  can  be  clearly  shown  what  theory  can  best  reconcile  the 
facts.  It  is  to  be  hoped  that  our  information  relating  to  the  Tertiary 
formations  will  be  increased  by  all  who  have  it  in  their  power  to  do 
80 ;  for  principles  may  thus  be  made  manifest  which  may  hereafter 
be  applied  to  the  study  of  the  older  formations.  I  readily  admit 
that  I  have  by  no  means  exhausted  the  analogies  of  the  fossils  treated 
of  in  this  paper.  I  fully  believe  that  more  relations  will  be  esta- 

blished between  the  fossil  faunas  of  San  Domingo  and  Jamaica  and 
Europe  and  the  living  fauna  of  the  Indian  seas  than  I  have  been 
able  to  determine  satisfactorily.  I  am  aware  of  the  shortcomings  of 
my  papers  in  this  and  other  respects  ;  but  I  trust  that  others  may  be 
induced  to  carry  out  stiH  further  the  comparisons  I  have  attempted, 
and  to  show  their  real  import.  It  may  be  that  I  have  fallen  into 
some  errors ;  but  I  hope  that  the  true  inferences  may  be  drawn  from 
the  facts.  I  believe  that  one  of  those  inferences  will  be,  that  the 

Miocene  of  the  "West  Indies  must  be  included  in  the  same  great 
period  of  time  as  that  of  Europe,  and  may  therefore  be  considered, 
in  a  geological  sense,  synchronous — though  even  in  this  instance  the 
doctrine  of  homotaxis  may  be  so  far  true  that  neither  the  commence- 

ment nor  the  termination  of  the  Miocene  period,  as  indicated  by 
organic  types  and  limited  by  physical  changes,  may  have  been 
simultaneous  in  the  European  and  Caribean  areas. 

EXPLANATION  OF  PLATE  XXVI. 

{^Illustrative  of  West-Indian  Tertiary  Fossils.) 

[The  figures  are  all  of  the  natural  size,  with  the  exception  of  fig.  19  «.] 

Fig.  1.  Cercomya  ledcuformis.     Manzanilla,  Trinidad. 
2.  Mactrinula  macescens:  2a,  hinge  of  left  valye;  2d,  hinge  of 

right  valve ;  2  c,  exterior  of  left  valve.    Manzanilla,  Trinidad. 
3.  Area  Trinitaria :  3  a,  posterior  view  of  the  shell  with  the  valves 

united ;  3  b,  exterior  of  left  valve.     Manzanilla,  Trinidad. 
4.  Carditcm  castum.     Manzanilla,  Trinidad. 
5.  Arcafilicata.     Manzanilla,  Trinidad. 
6.  Erycina  tensa.     Manzanilla,  Trinidad. 
7.  Ficula  carbasea.     Savanetta,  Trinidad. 
8.  Corbula  vieta.     Manzanilla,  Trinidad. 
9.  Ancillaria  lamellata.     Manzanilla,  Trinidad. 

10.  Sjpirorbis  clymenioides.     San  Fernando,  Trinidad. 
11.  Nassa  soUdula.     Cumana. 
12.  Turritella  tornata.  Cumana. 

13.  Cytherea  juncea.     Cumana. 
14.  Melanopsis  cejyula.     Cumana. 

15.  Bosinia  cyclica:  15a,  exterior  of  right  valve;  15 Z>,  hinge  of 
/  right  valve.     Manzanilla,  Trinidad. 

16.  Venus  Walli.     Manzanilla,  Trinidad. 
17.  Gryphcea  athyroides.     gan  Fern.indo,  Trinidad. 
18.  Eanina  porifera.     San  Fernando,  Trinidad. 
19.  Cisseis  asteriscus:   19a,  portion  magnified;  19 b,  the  whole  of 

the  fossil,  natural  size.     San  Fernando,  Trinidad. 
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Note  on  a  New  Species  of  Eanina  (E.  porifera)  from  the  Tektiary 
Strata  0/ Trinidad.     By  Henry  Woodward,  F.G.S.,  F.Z.S. 

A  SPECIMEN  of  a  Crustacean  placed  in  my  hands  for  examination  by 
my  friend  Mr.  E.  Lechmere  Gruppy,  from  the  Tertiary  formation  of 
Trinidad,  proves  to  be  a  portion  of  the  dorsal  surface  of  the  carapace 

of  a  Brachyiirous  Decapod — nearly  approaching  the  Anomura — 
belonging  to  the  subsection  Notopoda  and  the  genus  Eanina. 

The  species  of  this  genus  (which  was  established  by  Lamarck  in 
1801)  are  not  only  most  singular  in  form,  but  they  are  of  special 
interest  to  the  palaeontologist  as  occurring  in  the  Nummulitic  Lime- 

stone of  Bavaria,  Austria  and  Italy,  Asia  Minor,  Scinde,  and  the 
West  Indies  (Trinidad),  and  also  in  the  Oligocene  of  Germany  and 
the  Miocene  of  Turin.  Nor  has  the  genus  now  disappeared ;  for  at 
the  present  day  it  is  represented  by  the  Bayiina  dentata  of  Latreille, 
which  is  found  living  in  the  Sandwich  Islands,  the  Moluccas,  the 

Mauritius,  and  Japan  (De  Haan,  Siebold's  '  Fauna  Japonica,'  1833, 
p.  139,  t.  34  ifc;  35),  whilst  a  nearly  allied  genus,  the  Ramnoides, 
Edw.,  is  found  living  in  the  Philippine  Islands  and  Trinidad,  having 
been  collected  in  this  latter  locality  by  Mr.  Guppy. 

The  following  is  the  list  of  aU  the  species  known  to  the  author : — 
Eanina 

1.  Aldrovandi,  Eanz  (Mem.  di  Storia  nat.  Dec.  1,  1820,  p.  73,  t.  5). 
Lower  Eocene  Nummulitic  formation.     Kressenberg,  Valdenega,  and 

Madugi  d'Auzago. 
2.  Tchihatcheffi,  d'Arch.  (Progr.  de  la  Geol.  iii.  p.  303). Nummulitic  formation.     Asia  Minor. 
3.  Marestiana,  Konig  (p.  20,  taf.  5.  fig.  1,  2). 

Nummulitic  formation.     Kressenberg  and  environs  of  Yerona. 
4.  HaszUnsJcyi,  Eeuss  (Foss.  Krabben,  p.  22,  t.  4.  f.  4,  5). 

Upper  Eocene  ?     Epei*ies,  Hungary. 
5.  speciosa,  Miiaster,  sp.  (Miinst.  Beit,  zur  Petrefact.  iii.  p.  24,  t.  2.  f.  1-3). 

Oligocene.     Biinde. 
6.  ohlonga,  Miinster,  sp.  {I.  c.  p.  24,  t.  2.  f.  4). 

Oligocene.     Ebenda. 
7.  palmca,  Sismonda  (Acad.  Leop.  Crost.  Foss.  Piemonte,  t.  3.  f.  1). 

Miocene.     Colle  di  Torino. 
8.  sp.     (Eeuss,  Foss.  Krabben,  p.  21,  t.  5.  f.  3,  4). 

Nummulitic.     Environs  of  Yicenza. 
9.  sp.     Nummulitic  formation.      Kurachee,  Scinde.      Collected  by  Major 

W.  E.  Baker.     (In  British  Museum.) 
10.  forifera,  H.  W.     Tertiary.     Trinidad.     R.  L.  Guppy,  Esq. 

11.  dentata,  Latr.  (De  Haan,  'Fauna  Japonica,'  1833,  p.  139,  t.  34  &  35). 
Living.     Japan,  &c. 

The  Ranince  are  aU  burrowing  forms  of  Crustacea,  living  for  the 
most  part  in  deep  water,  buried  in  sand  or  mud,  for  digging  in 
which  their  limbs  are  most  admirably  adapted. 

Unfortunately  none  of  the  appendages  are  preserved  in  the  speci- 
men under  consideration  ;  but  all  the  species  of  this  genus  are  curi- 
ously sculptured  upon  the  dorsal  surface  of  their  carapaces,  and  this 

ornamentation  is  extremely  characteristic  of  the  group.  It  consists 
of  irregular  transverse  pectinated  ridges,  sometimes  interspersed  with 
small  punctations,  the  ridges  being  more  or  less  curved  and  interca- 

lating with  one  another. 
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In  Prof.  Eeuss's  work  (Foss.  Krabben  der  k.-k.  Akad.  der  Wissen- 
schaften,  Wien)  these  peculiarities  are  very  well  shown  ;  but  neither 
in  these  nor  in  the  various  specimens  which  I  have  been  able  to 
examine  can  I  detect  the  same  ornamentation  as  that  observable 
in  the  Ranina  from  Trinidad. 

Each  minute  point  forming  the  pectinated  border  to  the  several 
ridges  has  a  small  indented  pit  near  its  extremity,  which  has  sug- 

gested the  specific  name  j^ori/^ra  (see  Plate  XXYI.  fig.  18).  It  is 
to  be  hoped,  however,  that  more  perfect  specimens  will  reward  the 
zealous  labours  of  Mr.  Guppy,  as  the  determination  of  species  upon 
the  evidence  of  a  single  fragment,  offering  such  meagre  characters 
as  the  one  now  noticed,  is  by  no  means  safe,  except  in  very  pecuhar 
and  well-marked  forms,  such  as  the  species  of  the  genus  Baniaa. 

"With  regard  to  the  species  nos.  8  and  9  in  my  list,  I  am  inclined 
to  consider  that  figured  by  Prof.  Eeuss  from  the  Nummulitic  forma- 

tion of  Yicenza  and  the  specimens  brought  over  by  Major  Baker  from 
Scinde  (and  now  preserved  in  the  British  Museum)  to  be  identical. 

The  pectination  is  coarser  and  stronger  than  in  Ranina  porifera, 
and  there  are  no  indented  pits  at  the  extremities  of  the  teeth  form- 

ing the  transverse  serrations  on  the  surface  of  the  carapace. 
I  beg,  therefore,  to  propose  for  these  specimens  the  specific  name 

of  Ranina  Reussii,  in  honour  of  the  distinguished  Austrian  palaeon- 
tologist who  has  figured  it  in  his  work. 

Note  on  the  Orbitoides  and  I^fmmulin^  of  the  Tertiary  Asphaltic 
Bed,  Trinidad.     By  Professor  T.  Rupert  Jones,  P.G.S. 

The  asphaltic  rock  yielding  Orhitoides  and  Nummulince  in  abundance 

is  described  in  the  *  Eeport  on  the  Geology  of  Trinidad'  (1860, 
p.  37),  by  Messrs.  Wall  and  Sawkins,  as  a  highly  inclined  bed  of 
bituminous  shelly  marl,  protruding  on  the  coast  at  San  Fernando, 

on  the  west  side  of  the  island,  and  forming  part  of  the  "  Naripima 
Marl,"  in  the  "  Newer  Parian  Group,"  regarded  as  being  probably 
Miocene,  whilst  the  "  Older  Parian,"  on  which  it  rests,  is  Neocomian 
in  age. 

In  1863  Mr.  R.  L.  Guppy  read  a  paper  descriptive  of  this  pecuhar 

stratum  before  the  "  Scientific  Association  "  in  Trinidad,  pointing  out 
that  its  shelly  contents  are  Orbitoides  and  Nummulites,  the  former 
predominating ;  and  he  suggested  that  in  all  probability  they  would 

be  found  to  be  of  the  same  species  as  those  referred  to  in  my ''  Note 
on  the  Nummulinae  and  Orbitoides  of  Jamaica"  (Quart.  Journ.  Geol. 
Soc.  vol.  xix.  p.  514).  This  opinion  is  confirmed  by  a  careful 
examination  of  specimens  of  the  asphaltic  stratum,  with  which 
Mr.  Guppy  has  favoured  me. 

Boiled  several  times  in  turpentine,  this  rock  loses  its  bitumen, 
and  resolves  itself  into  loose  Orhitoides  and  Nummulinoi,  with  a  few 
other  Foraminifera,  and  (when  cleaned  by  acid)  a  small  proportion 
of  green -black  sand  and  very  few  rounded  grains  of  quartz.  On  the 
weathered  surfaces  of  the  rock,  and  in  pieces  carefully  burnt,  many 
perfect  Orhitoides  may  be  recognized ;   and  probably  throughout  the 
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mass  the  specimens  are  mostly  well  preserved ;  but  it  is  difficult  to 
get  them  out  whole  and  clean,  except  by  long  steeping  in  hot 
turpentine,  changed  from  time  to  time.  The  Nummulinm  keep 
rather  more  perfect  in  the  process  of  cleaning.  The  many  aspects, 
however,  of  the  broken  specimens  enable  us  to  determine  their 
relationships  without  the  trouble  of  grinding  and  polishing.  When 
the  asphalt  is  driven  off  by  heat,  the  Nummulites  often  fall  into  two 
pieces  by  splitting  along  their  median  line  of  chambers ;  but  this 
horizontal  section  is  not  generally  so  useful  in  determining  species 
as  the  exposure  of  the  successive  surface-layers. 

The  majority  of  the  Orbitoides,  mainly  constituting  this  rock,  are 
small  and  biconvex,  with  somewhat  expanded  edges,  about  -J-  inch 
broad  and  ̂   inch  thick  at  the  centre.  There  are  also  occasional 

evidences  of  broader,  thin  Or^bitoides.  The  Nuinmulince,  not  nearly 
so  numerous,  are  smaller  still ;  biconvex,  with  a  sharpish  edge,  and 

measuring  about  J^  by  -j--^  inch.  A  fragment  of  a  small  Nodo- 
saria  ra/phanus  and  a  Discorbina  also  occurred  to  me,  together  with 

a  piece  of  a  little  Echinoderm-spine*. 
The  Orbitoides  is  exactly  the  same  as  the  variety  from  the  Tertiary 

sand  of  Orakei  Bay,  New  Zealand,  described  and  figured  by  Karrer, 

in  the  '  Novara  Expedition '  (Geol.  Theil,  I.  Band,  2.  Abtheil.  Pa- 
Iseont.  p.  86,  pi.  16.  fig.  21),  as  0.  OraJceiensis,  Karrer,  which, 
there  is  reason  to  believe,  is  a  variety  of  0.  MantelU,  Morton,  a  spe- 

cies found  in  America,  the  West  Indies,  and  Sinde  (see  Geol.  Mag. 
vol.  i.  p.  75,  and  p.  103).  The  Nummulite  is  one  of  the  small 

"  sinuo-radiate  "  varieties  (sometimes  simply  "  radiate  ") ,  such  as 
are  referred  to  by  me  in  the  note  on  the  Jamaican  Nummulinm,  and 

in  the  *  Geol.  Mag.'  loc.  cit.,  as  present  in  the  West  Indies,  Sinde, 
and  Europe  (Vienna)  in  rocks  probably  of  Middle  Tertiary  age.  It 

maybe  catalogued  as  N.  Ramondi,  Defr.  {=N.  radiata,  D'Orb.), 
which  is  found  associated  with  Orbitoides  in  Jamaica,  Antigua, 
and  Sinde. 

8.  On  the  Discovery  of  neiv  Gold-deposits  in  the  Disteict  of  Esme- 
EALDAS,  Ecuador.  By  Lieut.-Col.  Edward  St.  Johk  Neale,  H.M. 

Charge  d' Affaires  in  Ecuador.  Communicated  by  the  Secretary 
of  State  for  Foreign  Affairs. 

Within  the  last  few  weeks f  unworked  and  hitherto  unknown 

gold- deposits  have  been  discovered  in  the  district  of  Esmeraldas  ;  and 
I  am  informed  by  the  President,  who  has  received  specimens  of  the 
gold  of  a  very  pure  quality,  that  it  is  the  intention  of  the  Govern- 

ment to  send  a  scientific  Commission,  at  the  head  of  which  will  be 

Dr.  Jameson,  a  British  subject  who'  has  been  many  years  in  Quito, to  report  upon  the  probable  yield  of  the  gold-district. 

*  Mr.  Guppy  believes  lie  saw  Polyzoan  remains  in  this  band ;  but  possibly 
detached  pieces  of  the  cellular  superficial  layers  of  the  Orbitoides,  much  resem- 

bling CeUejpora  &c.,  may  be  the  forms  alluded  to. 
t  This  communication  was  dated  April  18th,  1866. 
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Should  this  survey  prove  satisfactory,  as  anticipated,  I  am  in- 
formed that  the  Government  of  this  Kepublic  will  be  prepared  to 

enter  into  engagements  with  foreign  speculators  and  capitalists. 

9.  On  Bones  of  Fossil  Chelonians  from  the  Ossieekofs  Caves  and 
Fissures  of  Malta.  By  A.  Leith  Adams,  M.B.,  F.G.S.,  Surgeon, 
H.M.  22nd  Eegiment. 

Remai]Ss  of  more  than  one  species  of  River-tortoises  have  turned 
up  occasionally  in  the  Maltese  caves  and  fissures  of  the  downcast  and 
denuded  districts,  in  localities  situated  from  three  to  six  miles 
and  a  half  apart,  and  always  associated  with  remains  of  the  fossil 

Elephant,  Hippopotamus  Pentlandi,  Myoxus  Melitensis,  and  Birds — 
the  last,  chiefly  aquatic,  including  the  Cygnus  Falconeri  of  Parker, 
besides  aLacerta,  of  about  the  dimensions  of  the  common  Chameleon, 
and  one  or  more  Frogs.  The  nature  and  arrangement  of  the  deposits 
and  conditions  of  this  fossil  fauna  clearly  show  that  all  the  remains 
had  for  the  most  part  been  conveyed  into  the  above  situations  by  the 
agency  of  largebodies  of  water  which  atone  time  overflowed  the  greater 
portion  of  the  eastern  half  of  Malta.  None  of  the  Chelonian  bones  ex- 

amined by  me  give  indications  of  the  presence  of  either  land  or  marine 
species,  but  agree  in  their  characters  with  the  Elodians  and  Pota- 
mians.  The  largest  comprise  part  of  the  right  and  left  femurs  of 
perhaps  the  same  individual,  a  detached  lower  extremity  of  a 
humerus,  several  tibiae,  and  one  cervical  vertebra  from  Mnaidra 
Gap,  besides  a  large  caudal  vertebra  from  Benghisa  Gap,  which  is 
six  miles  distant  from  the  former,  and  situated  at  the  extreme  south- 

east point  of  the  island.  Among  organic  remains  from  the  Zebbug 
Cave,  in  the  middle  of  the  island,  I  also  observed  fragments  of  bones 
of  individuals  equal  to,  if  not  somewhat  larger  than,  any  here  de- 

scribed ;  also  a  portion  of  a  humerus  of  a  species  of  very  much  smaller 

size.  A  glance  at  the  femurs  above  mentioned  shows,  by  their  oblong- 
heads  and  the  trochanters  being  separated  by  a  deep  and  arched  de- 

pression, that  they  belonged  to  either  a  Marsh-  or  River-tortoise. 
Their  dimensions  are  as  follows : — 

Transverse  measurement  from  head  to  trochanters...  3'5  inches. 

Antero-posterior  length  of  tuberosities    2*6     ,, 
Length  of  head    2-5     ,, 
Breadth  of  head       1-9     „ 
Girth  of  head    6'5    „ 
G-irth  of  neck    6*0    „ 
Depth  of  inter  trochanter  notch        3  lines. 

Girth  of  shaft,  three  inches  below  the  trochanters    4-5  inches. 

thus  representing  an  individual  nearly  four  times  as  large  as  the 
Chelys  matamata,  and  about  two  feet  in  height.  A  tibia  entire,  but 
belonging  to  a  smaller  individual  than  the  last,  is  3' 6  inches  in 
length,  with  a  girth  of  2  inches  in  the  middle ;  whilst  that  of  its 

proximal  end  is  4*5  inches,  and  the  distal  3*5  inches.  Another  tibia, 
which  has  lost  its  lower  extremity  and  part  of  the  shaft,  retains  4-5 
inches  of  the  upper  portion ;  the  circumference  of  the  head  is  5-3 
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inches,  and  of  the  middle  of  the  shaft  2-5  inches.  The  lower  extre- 
mity of  a  humerus  is  2*3  inches  across  the  articulation  ;  the  furrow 

on  the  external  border  is  faint,  which,  again,  distinguishes  the  bones 
in  question  from  those  of  marine  turtles. 

A  cervical  vertebra,  possibly  the  5th  or  6th,  has  lost  its  anterior 
half;  but  the  convex  end  and  vertebral  foramen,  together  with  the 
articulating  processes,  are  entire.  The  breadth  of  the  convex  arti- 

culating surface  of  the  body  is  1  -4  inch,  by  1  inch  in  thickness ; 
entire  height  of  the  vertebra  2'2  inches.  The  caudal  vertebra  from 
Benghisa  Gap  has  also  lost  its  posterior  portion ;  and  transverse  pro- 

cesses of  the  body,  with  the  concave  articulation,  canal,  and  anterior 
superior  articulating  facets,  are  preserved.  The  concave  articulation 

is  0-9  inch  broad  by  0*7  in  the  antero -posterior  direction ;  the 
height  of  the  vertebra  1-7  inch,  and  diameter  of  the  canal  0-3 
inch. 

A  humerus  of  a  very  small  species  of  Tortoise  from  the  debris  of 
Zebbug  Cave  shows  only  the  head  and  a  portion  of  the  shaft,  the 
curved  condition  of  the  latter  clearly  distinguishing  it  from  the 
Marine,  whilst  the  greater  comparative  width  between  the  tuberosi- 

ties separates  it  from  the  Land,  and  assimilates  it  to  either  the  Marsh 
or  Eiver  families.  The  fragment  measures  from  the  head  to  the 

tuberosities  5*5  lines ;  distance  from  one  tuberosity  to  the  other  5 
lines.  The  head  is  3*5  lines  vertically,  and  3  lines  broad ;  girth  of 
shaft  3  Hues. 

]  0.  0)1  the  DiscovEKT  of  Eemains  of  Halitheeium  in  the  Miocene 
Deposits  of  Malta.  By  A.  Leith  Adams,  M.B.,  F.G.S.,  Surgeon, 
H.M.  22nd  Regiment. 

Yariotjs  forms  of  Cetacea  have  been  met  with  in  the  four  upper 
beds  of  the  Miocene  strata  of  the  Maltese  group.  The  discovery  there 
of  teeth  of  Zeuglodon  by  Scilla,  and  the  abundant  remains  of  one  or 

more  species  of  Dugong  allied  to  recent  forms 
Tooth  of  Hamerivm.  ^^^j  Balcence,  show  the  prevalence  of  these 

mammals  in  the  seas  of  the  period.  They 
are  met  with  in  the  greatest  numbers  in  the 
sand-bed  and  nodule-bands  of  the  Calca- 

reous Sandstone.  In  the  latter  situation  I 

lately  discovered  a  tooth  which  appeared  to 
me  to  belong  to  the  Halitherium,  and  in  the 
sand-bed  an  ear-bone  and  caudal  vertebrae 
of  possibly  the  same  genus.  The  tooth  and 

ear-bone  I  have  shown  to  Professor  Owen,  who  has  confirmed  their 
identity  with  the  above-named  genus. 

The  molar,  possibly  a  penultimate,  has  lost  one  of  its  fangs. 
The  crown  is  encased  in  thick  shining  enamel,  and  is  9  lines  in 

length  by  8  lines  in  breadth;  the  height  of  the  crown  is  2-6  lines. 
The  fangs  are  two  in  number ;  the  anterior  small,  the  posterior  large 

and  diverging.     The  length  of  the  latter  is  7*5  lines. 
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The  accomiDanying  sketch  represents  the  crown  (nat.  size),  which 
probably  shows  a  more  advanced  state  of  wear  than  any  figured  by 
Cuvier*. 

The  ear-bone  is  entire,  and  measures  1-4  inch  in  breadth,  by 
9  lines  in  vertical  diameter. 

The  specimens  referred  to  in  this  note  are  in  the  Museum  of  the 
Geological  Society.    

11.   On  the  Apeinities  of  Cb:on"Drostefs,  Ag. 
By  John  Young,  M.D.,  P.G.S. 

(This  paper  was  withdrawn  by  permission  of  the  Covnicil.) 

[Abstract.] 

The  object  of  this  communication  was  to  show,  from  the  characters  of 
the  skeleton,  that   Chondrosteus  belongs  not  to  the  Chondrostean 
division  of  the  ganoids  as  stated  by  Agassiz,  but  to  the  Holostean 
division,    since  it  possesses  a  well-ossified  basioccipital ;   and  the 
lateral  walls  of  the  cranium  are  composed  of  bones  answering  to  the 
cartilage  bones  of  ordinary  Teleosteans. 

12.  Notice  of  Few  Geneka  of  Cabbonifeeous  Glyptodipteeines. 
By  John  Young,  M.D.,  F.G.S. 

Since  the  publication,  in  1861,  of  Professor  Huxley's  memoir  on 
the  classification  of  Devonian  Fishes,  several  new  genera  have  been 

established,  and  the  intervals  between  some  of  the  famihes  (tabu- 
lated at  p.  24,  Mem.  Geol.  Surv.,  Decade  x.)  thereby  diminished. 

Rhizodopsis,  Huxley.     Eig.  8. 

The  specimens  to  which  this  generic  name  has  been  given  are 
those  whose  scales  Prof.  Williamson  described  and  figured  in  the 
Phil.  Trans.  1849,  under  the  name  of  Hohptychms  sauroides,  a 
term  which  has  also  been  applied  to  a  tooth  which  it  will  appear  is 
generically  distinct  from  Holoptycliius. 

The  body  of  this  fish  tapers  to  a  point  posteriorly ;  its  greatest 
depth  is  at  the  pectoral  arch.  Head  depressed ;  orbits  forward ; 
gape  wide,  extending  behind  them.  Maxilla  in  a  single  piece,  fur- 

nished with  fine,  equal,  conical  teeth ;  premaxilla  not  preserved. 
Mandible  straight,  deepest  posteriorly,  expanded  at  the  symphysis ; 
contains  teeth  of  two  sizes ;  the  larger,  three  or  four  in  number, 
plicate  at  the  base,  strong,  conical,  slightly  incurved ;  the  smaller, 
one-fourth  of  the  size  of  the  preceding,  like  them  strong,  conical : 
the  surface  of  all  the  teeth  above  the  plicate  base  is  smooth.  Jugu- 

lar plates  in  two  pairs,  principal  and  posterior.  No  trace  of  median 
or  lateral  plates.  The  occipital  region  is  closed  in  by  three  bones, 
in  front  of  which  are  the  parietals  in  close  approximation.  The 
facial  bones  are  not  determinable.  Operculars  large,  subquadrate  ; 
suboperculars  a  half  smaller,  rounded  anteriorly.  The  parietals, 
operculars,  and  jugulars  are  ornamented  with  fine,  parallel  or  bifur- 

cating ridges.  The  facial  bones  and  jaws  have  their  surfaces  reticu- 

*  Ossemen  Fossiles,  pi.  xxxviii.  figs.  9,  10,  &  11. 
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lated  by  similar  anastomosing  ridges.  The  pectoral  arch  is  well 
developed,  and  supports  a  subacutely  lobate  fin  with  rounded  margin. 
The  two  dorsals,  the  ventrals,  and  anal  are  of  nearly  equal  size,  and 
opposite  each  other  respectively.  The  tail  is  heterocereal  and 
rhomboidal. 

Figs.  1-8. — Illustrating  the  teeth  and  scales  of  some  new  genera  of 
Carhoniferous  Fishes. 

Fig.  1.  Rhomboptychius,  tooth. 
2.  Rhomboptychius,  scale. 
3.  Strepsodus,  tooth. 
4.  E.hizodus,  scale. 

Fig.  6.  Rhizodus,  tooth. 
6.  Megalichthys,  scale. 
7.  Dendroptychius,  scale. 
8.  Rhizodopsis,  scale. 

The  scales  vary  somewhat  in  size  and  shape  on  different  parts  of 
the  body ;  they  are  arranged  in  very  oblique  series,  and  range  from 
nearly  orbicular  to  elongate  cordate.  The  upper  surface  is  orna- 

mented with  concentric  and  radiating  striae;  the  latter  are  most 
strongly  marked  over  two  triangular  areas  whose  bases  correspond 
to  the  centre  of  the  anterior  and  posterior  margins  respectively ;  the 
former  occupy  the  lateral  surfaces  between  those  areas.  The  under 
surface  is  marked  by  more  or  less  numerous  growth-lines,  presents 
a  subcentral  raised  boss,  and  is  usually  pitted  over  a  small  area 
immediately  behind  the  centre  ;  no  corresponding  tubercles  are  visible 
on  the  upper  surface,  whose  free  area  averages  two-thirds  of  the 
whole  surface.    The  lateral  line  is  well  marked  and  nearly  straight. 

The  notochord  is  persistent ;  the  osseous  rings  surrounding  it  are 
short  and  narrow.     The  upper  arches  are  distinct  and  well  ossified. 

These  characters  are  in  the  main  those  of  the  family  to  the  cycloidal 
section  of  which  Holo^tychius  belongs.     But  from  that  genus  Rhi- 
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zodopsis  is  separated  by  the  presence  of  teeth  of  two  sizes,  by  the 
thinner  scales,  and  by  the  regularity  of  the  striate  ornament  over 
their  whole  surface,  contrasting  with  the  coarse  tuberculation  of 
the  posterior  and  smoothness  of  the  anterior  area  of  the  scales  in 
the  Old  Red  Sandstone  genus.  Prom  Rhizodus  the  absence  of  tren- 

chant teeth  is  a  broad  distinction ;  the  character  of  the  scale-orna- 
ment of  the  former,  as  described  below,  is  equally  diagnostic. 

The  specimens  which  have  been  selected  as  typical  of  the  genus 
average  5  inches  in  length.  For  them  the  specific  name  B.  sau- 

roides  has  been  used,  as  in  Prof.  Williamson's  paper,  which  contains 
the  only  published  description  in  England  of  the  scales.  Other 
specimens,  whose  length  is  estimated  at  12  or  15  inches,  are  imper- 

fectly preserved ;  it  remains  to  be  seen  whether  they  are  specifically 
distinct,  or  whether  the  greater  thickness  of  their  bony  scales  is 
merely  a  concomitant  of  the  greater  size  of  the  fish.  The  same 
doubt  exists  in  the  case  of  the  small  flexible  scales,  whose  possessors 
probably  did  not  exceed  2  inches  in  length. 

In  a  paper  "  TJeber  das  Yorkommen  von  Rhizodus  Hibherti,  Owen, 
Megcdichthys  Hibherti,  Agassiz  and  Hibbert,  in  den  Schieferthonen 

des  Steinkohlengebirges  von.  Volpersdorf  in  der  Grafschaft  Glatz  " 
(Zeitschr.  deutsch.  geol.  Gesellsch.  p.  272,  1865),  Roemer  figures 
at  least  one  scale  presenting  distinctly  the  characters  of  Rhizodopsis. 
The  concentric  and  radial  sculpturing  is  described  nearly  as  above, 
with  the  minor  difference  that  the  concentric  seem  of  equal  promi- 

nence with  the  radial  ridges.  But  there  is  some  confusion  in  the 

author's  mind — there  is  at  least  in  his  remarks — about  the  identity 
of  his  specimens  with  the  Scottish  genera.  For  in  speaking  of  the 
teeth  of  Rhizodus  he  omits  notice  of  their  distinctive  feature,  the 

double  trenchant  edges  and  the  elliptical  form  of  the  transverse  sec- 
tion of  the  tooth ;  both  are  figured  (taf.vi.  f.  5),  but  only  the  plicate  base 

is  described.  Again,  it  is  said  that  the  thick  Scottish  scales  (which 
are  not  horny,  as  Roemer  says,  but  osseous)  show,  when  carefuUy 
split  off  in  layers,  the  same  ornament  as  those  which  he  has  figured 
as  Rhizodus.  Admitting  the  hazard  of  criticism  without  sight  of  the 
specimens,  I  cannot  help  suspecting  that  Roemer  has  fallen  into  the  not 
uncommon  error  of  mistaking  internal  structure  for  superficial  orna- 

ment. The  suspicion  is  further  strengthened  by  his  statement  of 
the  occasional  occurrence  of  a  prominent  boss  on  the  outer  surface  of 
his  Rhizodus-sGsles.  That  such  a  boss  is  invariably  present  on  the 
under  surface  is  well  known ;  but  I  have  never  seen  a  scale  in  this 
or  any  other  ganoid  on  which  the  ornamentation  has  such  a  structure 
for  its  centre.  Abrasion  of  the  under  surfaces  of  thick  scales  in  which 

the  boss  remains  intact  while  the  deeper  structure  of  the  scale  is  ex- 
posed, would  give  somewhat  of  the  appearance  described,  and  is  of 

not  unfrequent  occurrence.  But  while  the  presence  of  Rhizodus, 
Owen,  in  the  German  coal-strata  must  be  held  as  unproved,  the  in- 

teresting fact  still  remains  that  the  genus  Rhizodopsis  is  unquestion- 
ably common  to  the  English  and  German  coal-fields  :  on  the  identity 

of  the  species  it  is  impossible  to  form  an  opinion. 
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Rhizodfs,  Owen  {=Apepodus,  Leidy)*.     Figs.  4  &  5. 
The  teeth  of  two  sizes  and  trenchant  on  both  edges,  on  which 

this  genns  is  founded,  and  its  distinctness  from  Holoptychius  and 
Megaliclithys  established,  are  accompanied  by  scales  which  are  dis- 

tinguished from  those  of  the  latter  genus  by  the  fact  that  their 
anterior  area  is  cycloidal  and  concentrically  striated,  not  smooth  and 
rhombic.  The  free  area,  on  the  other  hand,  is  covered  with  coarse 
tubercles,  and  has  a  general  resemblance  to  that  of  Holoptychius. 

No  fragments  have  yet  been  found  from  which  the  shape  of  the 
body  or  the  structure  of  the  head  can  be  determined.  One  or  two 
varieties  of  the  teeth  occur ;  thus  one  edge  only  may  be  trenchant, 
the  posterior  (?)  being  evenly  rounded.  Of  such  teeth  some  are 
angiiated  more  or  less  sharply,  their  section  passing  from  triangular 
with  rounded  angles  to  polygonal.  Kone  of  the  varieties  have  been 
named,  as  it  is  possible  that  they  may  be  individual  differences ; 
further,  the  determination  of  several  teeth  hitherto  isolated  has  pro- 

ceeded so  rapidly  that  it  is  better  to  wait  for  more  materials. 

Leidy  (Journ.  Acad.  Nat.  Sc.  Philadelphia,  iii.  1855-58)  de- 
scribed and  figured  a  tooth  of  a  Carboniferous  genus  Apepodus,  be- 

tween which  and  Rhizodus,  as  known  to  British  palaeontologists,  no 
substantial  difference  can  be  detected.  The  same  beds,  said  to  be  of 

Carboniferous  age,  yielded  scales  which  Leidy  figures  as  Holopty- 
cJiius  Americanus  ;  their  characters  are  very  similar  to  those  of  H. 

giganteus,  Agassiz  (Poiss.  Vieux  Gres  Eouge,  pi.  24.  f .  3-10).  Whether 
these  beds  be  of  Carboniferous  age,  as  affirmed  by  Leidy,  or  Upper 
Old  Red,  the  association  of  the  two  genera  in  the  same  deposit  is  an 
interesting  fact  not  yet  paralleled  in  this  country. 

The  scale  figured  is  taken  from  a  large  block  of  limestone  from  the 
Gilmerton  quarries  near  Edinburgh.  A  similar  block  is  so  placed  in 
the  rooms  of  the  Eoyal  Society  there  as  to  render  its  examination  a 
task  of  difficulty.  The  scales  are  associated,  on  it,  with  typical  teeth  of 
Rhizodus,  and  with  fragments  of  pectoral  arches  and  other  portions 
of  the  skeleton. 

The  scales  are  rotundo-quadrate,  the  anterior  margin  flattened, 
the  posterior  slightly  produced.  They  are  thick,  bony ;  their  under 
surface  is  marked  by  concentric  growth-lines,  and  bears  a  large  or 
small,  but  constant,  subcentral  boss.  The  overlapped,  anterior  area 
of  the  upper  surface  is  never  less  than  a  moiety  of  the  whole ;  it  is 
covered  with  fine  concentric  and  a  few  radial  striae.  The  free  surface 

is  thrown  into  broad  undulations,  which  are  approximately  parallel 

*  It  is  commonly  stated  that  Megalichthys  Hibberti  is  the  synonym  of  Ehi- 
zodus  Hibberti.  Dr.  Hibbert's  paper,  which  is  as  remarkable  for  its  rare  gene- 

rosity as  for  the  extent  of  the  research  it  sums  up,  contains  a  passage  which  shows 
that  Agassiz  had  not  wholly  overlooked  the  different  forms  of  the  teeth,  though 
he  afterwards  underrated  their  importance.  Agassiz,  it  is  said,  proposed  the 
name  M.  falcatus  for  a  form  of  tooth  to  be  distinguished  from  that  of  Burdiehouae 
by  being  very  sharp  on  the  edges.  Bhizodus  is  abundant  in  the  Burdiehouse 
beds.  The  assertion,  therefore,  of  a  difference  as  well  in  locahty  as  form  can 
only  be  explained  by  the  rapidity  with  which  the  great  naturalist  passed  from 
place  to  place,  and  thus,  while  he  increased  the  materials  for  his  scheme  of  classi- 

fication, slipped  into  minor  errors  of  detail. 
VOL.  XXII.   PAET  I.  2  S 
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to  the  margins  of  the  scale,  and  about  their  own  breadth  apart.  The 
frequent  interruptions  of  the  concentric  ridges  gives  the  appearance 
of  coarse  tuberculation,  which  is  increased  by  the  roughened  condi- 

tion of  the  summits  of  the  isolated  portions.  The  intervening  inter- 
spaces frequently  show  fine  radial  striae,  which  may,  however,  be 

those  of  the  deeper,  exposed  by  erosion  of  the  upper  layers*. 
To  the  definition  of  the  genus  which  Owen  gave  from  the  form  of 

the  teeth  only,  M'Coy,  in  1848  (Ann.  ISTat.  Hist,),  added  the  cha- 
racters of  the  scales,  which  he  described  as  "  thin,  rotundo- quadrate, 

with  smooth  under  surface,  and  subcentral  boss."  If  by  ''  thin,"  in 
another  place  "rather  thin,"  any  marked  difierence  is  implied  be- 

tween HolojptycTiius  and  Eliizoclus,  the  examples  of  the  latter  on 
which  the  present  article  is  founded  do  not  confirm  the  implication. 

Thin  scales  there  are  of  the  form  stated  by  M'Coy ;  but  they  never  at- 
tain the  dimensions  of  the  larger  number  of  Rhizodus-^GdleB.  They 

are  those  of  Rliizodojpsis,  whose  superficial  ornament  is,  further,  very 
different.  Portions  of  scales,  one  or  more  laminae  of  scales,  are  of  not 
uncommon  occurrence ;  and  these,  perhaps,  have  suggested  the  above 

generic  character.  But  the  probability  that  M'Coy  has  mixed  up 
two  genera,  not  then  recognized  as  distinct,  is  increased  by  the  or- 

nament ascribed  to  B.  Hihberti  (Pal.  Eossil.  p.  612),  viz.  "  close  ver- 
micular "  ridges.  Assuming  that  these  ridges  are  in  reality  super- 

ficial, and  not  portions  of  the  deeper  structure,  there  are  only  two 
Carboniferous  genera  (to  be  described  hereafter)  whose  scales 
are  of  equal  size,  and  present  an  approach  to  this  kind  of  sculp- 

ture. They  are  DendroptycMus  and  Rhomboptycliius.  But  in  the 
former  the  close-set  ridges  are  subordinate  to  more  distant  larger 
ones,  in  the  latter  they  traverse  conspicuous  concentric  grooves. 
The  specimens  of  Bhizodus  which  have  occurred  to  me  show  as  great  a 
variety  in  point  of  thickness  as  those  oiHoloptycJiius,  e.  g.  H.  Andersoni 
and  H.  glganteus.  This  difference  of  size  may  be  specific  ;  but  species 
can  scarcely  be  founded  on  isolated  scales  showing  only  their  under  sur- 

face. The  examples  which  revealed  their  upper  aspect  were  as  thick 
as  those  of  H.  giyanteus,  and,  besides  the  undulating  (not  tuberculo- 
linear)  sculpture,  had  the  anterior  area  also  striated  (not  smooth), 
drfferences  which  seem  to  be  generic  as  between  the  Carboniferous 
and  Old  Ped  fishes. 

The  surface  of  the  pectoral  arch  and  dentary  bones  is  covered  with 
fine  tubercles,  close-set  in  small  (apparently  young)  specimens ;  but 
in  the  large  the  tubercles  are  confluent  by  their  bases,  so  as  to  cover 
the  whole  surface  with  irregular  pits  or  grooves  bounded  by  ridges 
of  unequal  height.  A  very  fine  pectoral  arch  (belonging  to  the 
l^atural  History  Museum,  Edinburgh),  referred  to  this  genus  on 
account  of  the  presence  of  a  doubly  trenchant  tooth,  has  around  it 
numerous  fragments  of  fin-rays — long  slender  tubular  rods  of  very 
dense  texture,  similar  to  those  observed  in  Dendroptychius. 

*  The  descriptions  of  Hibbert  (Trans.  Edin.  Eoy.  Soc.  xiii.  24)  are  unfortu- 
nately very  meagre  ;  but  there  is,  I  think,  reason  for  believing  that  the  ornament  of 

Rhizodus,  as  above  described,  is  intended  in  the  figures  of  the  scales,  pi.  10. 
figs.  1-3,  the  specimens  figured  come  from  the  same  beds  as  those  to  which  I 
have  referred. 
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No  other  portion  of  the  skeleton  has  as  yet  been  recognized. 

Comparison  of  Williamson's  sections  of  the  scales  of  a  Carboniferous 
Holoptychius  (loc.  cit.  fig.  24)  with  those  in  the  Poiss.  Foss.  clu  Yieux 
Gres  Rouge,  further  confirms,  by  the  difference  of  minute  structure, 
the  generic  distinctness  of  the  fishes  from  the  two  series  of  rocks. 
Further  discussion  of  these  microscopic  characters  is  reserved  for 

another  occasion ;  but  the  vertical  section  just  mentioned,  in  Wil- 
liamson's paper,  is  interesting  in  this,  that  while  the  description 

corresponds  with  that  of  the  under  surface  of  Bliizodus-s>(idlQS,  the 
form  and  structure  of  the  upper  surface  would  agree  well  with  that 
of  a  tuberculated  scale  on  which  little  or  no  ganoin  was  developed, 
such  a  scale  in  fact  as  I  believe  that  of  Ehizodus  to  have  been. 
But  the  point  requires  further  investigation. 

HoLOPTYCHius,  Agassiz  (excl.  BTiizodus)^. 
The  characters  of  this  genus  are  summed  up  in  the  memoir 

already  mentioned  (p.  5),  thus : — 
"  Head  depressed ;  caudal  extremity  conically  tapering,  orbits  far 

forward ;  gape  extends  far  back.  Frontals  distinct  from  one  another 
and  from  the  parietals,  which  are  large  and  coadapted,  though  quite 
distinct.  The  occiput  is  covered  by  three  bones,  a  median  and  two 
lateral.  There  are  two  principal  and  a  number  of  lateral  jugular 
plates,  and  there  is  no  rhomboidal  median  plate  between  the  two 
principal  jugulars.  Some  of  the  teeth  are  larger  than  the  others, 
and  longitudinally  striate  at  their  bases.  The  paired  fins  are  very 
acutely  lobate,  and  there  are  two  dorsal  fins  in  the  posterior  half  of 
the  body.  The  ventrals  are  situated  under  the  first  dorsal,  and  are 
succeeded  by  a  single  anal.  Tail  little  more  than  semirhomboidal, 

the  upper  half  being  much  less  developed  than  the  lower." 
The  diagnosis  of  this  genus  from  Bhizodus  by  dentitional  charac- 

ters and  the  difference  in  sculpture  of  the  scales  has  already  been 
spoken  of. 

Dendeoptychius,  Huxley.     Fig.  7. 

The  bony  scales  to  which  this  name  was  given  are  characterized 
by  the  division  and  subdivision  of  the  grooves  which  traverse  their 
exposed  surface.  They  are  nearly  equilateral,  with  rounded  angles. 
They  vary  in  size  on  the  same  individual ;  the  largest  measure  about 

i|-ths  in  length  by  1  inch  in  breadth  ;  but  the  average  is  f^^-ths  by 
j6^-ths.  The  overlapped  area  is  covered  with  fine  striations,  concen- 

tric and  radial,  the  latter  being  most  marked  over  a  triangular  area 
whose  base  is  the  centre  of  the  anterior  margin.  The  exposed  sur- 

face, slightly  smaller  than  that  of  the  preceding,  is  sharply  bounded  by 
an  arcuate  line  whose  convexity  looks  forward.  From  this  line  the 
sinuous  branching  grooves  run,  those  from  the  centre  radially,  those 
from  the  lateral  parts  more  directly  backwards ;  they  are  larger 
and  fewer  in  number  on  the  larger  scales;  their  interspaces  are 
marked  with  fine  anastomosing  grooves.     The  under  surface  is  smooth, 

*  The  scales  described  under  this  name  by  Williamson  belong,  as  has  been 
already  mentioned,  to  a  wholly  different  genus,  Mhizodopsis. 

2s2 
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and  marked  with  concentric  growth -lines ;  a  subcentral  boss  projects 
from  a  shallow  depression.  The  structure  of  these  scales  closely 
resembles  that  of  HoloptycTiius. 

No  teeth  are  found  with  them,  but  many  ossified  vertebrae  with 
neural  and  haemal  spines,  and  the  ventral  fin-bones  and  rajs. 

The  best-preserved  vertebrae  are  those  along  with  which  the 
pelvic  bones  occur.  They  are  longer  than  broad,  slightly  constricted 
in  the  middle ;  their  shallow  terminal  concavities  occupy  the  whole 
articular  surface,  and  are  perforated  by  a  small  notochordal  foramen, 
whose  area  is  one-seventh  of  the  whole  surface.  They  decrease  in 
size  from  before  backwards  ;  the  anterior  having  the  following  ratio 

,     ,1  ,     .  Length       7       5     ..     ,      ,,    . 
to  the  posterior.     - — ^— — ,    --  •  — ~  (m  tenths). 
^  Breadth     11  '    9     "^  / 

The  neural  spines,  about  2|  inches  in  length,  are  mostly  seen  in 
profile ;  their  section  is  pentagonal,  much  compressed  laterally.  At 
a  short  distance  from  the  base,  a  slight  constriction  marks  off  the 
articular  end,  whose  convex  surface  slopes  upwards  and  backwards, 
so  as  to  form  an  angle  with  the  axis  of  the  shaft.  The  arch  in- 

cluded between  the  two  laminae  is  low  and  wide. 

The  haemal  spines,  of  nearly  equal  length  with  the  neural,  consist 
of  a  slender  tapering  shaft,  sigmoidally  curved,  and  terminated  at 
the  proximal  end  by  two  thin  plates  triangular  in  profile  and 
enclosing  between  them  an  arch  whose  height  equals  one-fourth  of 
that  of  the  whole  process. 

Neither  haemal  nor  neural  spines  are  found  in  actual  contact  with 
the  vertebrae,  whose  outer  surface  is  removed,  so  that  the  nature  of 
the  connexion  is  not  seen.  But  from  being  constantly  found  near 
the  vertebrae,  and  from  the  analogy  of  other  allied  genera,  it  may  be 
inferred  that  they  were  simply  articulated  with  the  vertebrae. 

The  pelvic  arch  consists,  on  either  side,  of  a  bone  3^  inches 
long,  of  two  triangles  united  at  their  apices  ;  the  superior,  2  inches 

long,  is  ̂   inch  broad  at  its  upper  end ;  the  inferior,  l-J-  inch  long, 
measures  1-|  inch  along  its  free  or  lower  margin,  to  which  was  arti- 

culated a  row  of  (probably  five)  tarsal  bones,  three  of  which  remain 
in  position.  They  decrease  in  size  towards  one  side,  the  longest  of 
the  three  being  1-i-  inch,  the  shortest  -|  of  an  inch  in  length  ;  they 
are  compressed  at  both  ends,  constricted  and  cylindrical  in  the 
middle.  To  the  distal  smaller  ends  of  these  were  articulated  other 
similar  metatarsal  bones,  whose  number  cannot  be  guessed  at ;  the 

only  two  members  of  this,  row  seen  in  place  measure  |-  of  an  inch 
in  length.  To  these  were  attached  the  fin-rays,  long  cylindrical 
rods  of  a  compact  dark  enamelloid  substance,  like  that  which  in- 

vested the  vertebrae  and  pelvic  bones,  and  traversed  by  a  narrow 
canal.  Their  proximal  ends  are  compressed ;  distaUy  they  taper ; 
but  no  transverse  divisions  are  present  in  any  of  them. 

Locality :  Palace,  Craig.     Airdrie. 

Steepsodus,  Huxley.     Fig.  3. 

The  tooth  so  named  has  already  been  figured  in  the  Journal  of  the 
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Tyneside  Naturalists'  Club  ̂ ^Holoptychius  sauroides,  a  species  founded 
by  Agassiz,  but  not  described  by  him.  Its  reference  to  MegalicTithys 
is  equally  inaccurate.  The  discovery  of  the  vertebrae  and  scales  be- 

longing to  the  tooth  confirms  the  propriety  of  its  erection  as  a 
separate  genus. 

The  teeth  vary  in  size,  the  exserted  portion  being  Jq  to  -}-J  inch 
in  height ;  but  the  smallest  exhibit  the  characteristic  form.  The 
ovoid  laterally  compressed  base  gradually  contracts  into  a  circular 
shaft  very  slightly  recurved,  and  near  the  apex  twice  bent  almost  at 
right  angles,  so  as  to  have  a  bayonet  form;  the  tip  is  sharply 
conical.  The  convexity  of  the  shaft  and  the  posterior  half  of  the 
lateral  surfaces  are  longitudinally  striate ;  the  anterior  half  of  the 
circumference  is  smooth.  Hence  it  follows  that  the  most  anterior 

strise  are  the  shortest,  those  nearest  the  posterior  mesial  line  the 
longest.  A  narrow  smooth  band,  equal  in  breadth  to  the  interval 
of  any  two  striae,  runs  up  the  concavity ;  and  from  this  the  striae 
depart  on  either  side  at  a  very  small  angle,  tending  upwards  and 
forwards  towards  the  anterior  surface.  Their  number  is  increased 

by  bifurcation,  or  by  the  intercalation  of  new  striae  ;  none  pass  on 
to  the  first  knee-bend  of  the  tooth.  The  lateral  compression  may  be 
simple  or  proceed  to  form  a  shallow  depression  which  does  not  oc- 

cupy more  of  the  lateral  surface  than  one-half  in  breadth  or  height, 
and  near  the  base  gives  the  transverse  section  a  dumb-bell  shape. 
The  basal  plications  are  rather  rounded  undulations  than  the  sharp 
folds  of  other  Ehizodonts ;  they  do  not  interfere  with  the  striations. 

No  skull  has  been  found ;  but  a  fragment  of  a  mandible  is  pre- 
served, whose  vertical  measurement,  if  complete,  is  small  in  propor- 

tion to  the  height  of  the  tooth.  Close  to  the  alveolar  margin  a  patch 
of  the  outer  surface  remains,  and  shows  smooth  tubercles  connected 
by  low  ridges  in  a  reticulated  pattern,  like  that  of  the  jaw  of  Rhizodus. 
The  mode  of  arrangement  of  the  teeth  is  very  uncertain.  There 

can  be  no  doubt,  however,  that  difi'erent  sizes  occurred  in  the  same  jaw, 
the  larger  projecting  at  intervals  above  the  smaller,  as  in  Rhizodus. 

A  slab  from  the  Fifeshire  coal-field,  lent  me  by  Mr.  John  Young 
of  Glasgow,  exhibits  these  teeth  along  with  scales  which  are  thin- 

ner than,  but  essentially  similar  to,  those  of  DendroptycJiius.  They 
are  cycloidal,  the  anterior  margin  is  flattened,  and  the  posterior  some- 

what pointed.  The  exposed  area  is  relatively  smaller  than  in  Den- 
droptychius,  less  even  than  in  HoloptycMus.  The  radiating  grooves  are 
narrower,  straighter,  and  fewer  in  number  than  in  the  last-described 
genus,  and  very  rarely,  if  ever,  bifurcate.  The  concentric  striae  of 
the  overlapped  area  are  faintly  and  equally  radiated  at  all  points. 
The  growth-lines  are  indistinct  on  the  smooth  under  surface ;  a  lon- 

gitudinally oval  flattened  boss  projects  from  the  centre ;  and  from 
it  a  line  frequently  runs  to  the  middle  of  the  anterior  margin, 
against  which  the  concentric  lines  on  either  side  appear  as  if 
faulted.  The  scales,  in  consequence  of  their  delicacy,  are  not  well 
preserved :  this  description  may  afterwards,  therefore,  require  cor- 

rection ;  but  the  main  features  are  unmistakeable  in  their  similarity 
to  those  of  Dendrojptychius. 



Breadth  of  ring I 
u Breadth  of  foramen 
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The  vertebral  characters  are  well  marked.  The  vertebrae  are  thin 

osseous  rings  slightly  constricted  in  the  middle ;  the  concavity  of 
both  surfaces  is  shallow,  and  involves  nearly  the  whole  breadth. 
The  diameters  are  unequal,  their  difference  ranging  from  one-fifth 
to  one- eighth  of  the  longest  measurement. 

The  notochordal  foramen  is  also  not  a  complete  circle  ;  its  longest 
and  shortest  diameters  coincide  with  those  of  the  vertebrae,  of  whose 
area  it  occupies  from  one -fourth  to  a  half. 

The  extreme  examples  measured  in  tenths  of  an  inch  are  as  fol- 
lows : — 

9 
7 25 

21 

In  the  majority  the  length  (or  antero-posterior  measurement)  is 
between  two-tenths  and  three-tenths  at  all  points ;  but  the  deeper 
examples  show  an  inequality  in  this  respect — the  length  at  opposite 
points  of  the  ring  varying  considerably,  as  2-5  to  2-25  in  one  case, 
as  4- 75  to  3  inches  in  another. 

Straight  bones,  similar  to  the  neural  spines  of  Dendroptychius, 
occur  in  the  same  slab  ;  they  measure  2^  inches  in  length.  Asso- 

ciated with  scales  showing  the  above-nientioned  characters,  there  is 
in  the  Andersonian  Museum,  Glasgow,  a  pectoral  arch  with  which 
are  connected  several  bones  giving  attachment  to  long  undivided 
fin-rays. 

Locality :  English  and  Scottish  fields,  from  the  Coal-measures  to 
the  Lower  Limestones. 

Ehombopttchifs,  Huxley.    Mgs.  1,  2. 

These  scales  vary  from  cordate-ovate  to  rhombic :  the  length  in 
the  former  case  exceeds  the  breadth ;  in  the  latter  the  reverse  holds. 
In  general  symmetrical,  the  elongated  scales  sometimes  show  undue 
prominence  of  one  anterior  angle.  The  free  and  overlapped  surfaces 
are  nearly  equal  in  the  rhombic  scales;  but  in  the  cycloidal  the 
former  is  much  the  smaller.  In  both  forms  the  punctate  free  sur- 

face is  ornamented  with  coarse  straight  ridges  which  follow  the  out- 
line of  the  sides,  meeting  at  an  angle  posteriorly,  and  thus  giving  a 

rhombic  aspect  to  the  scale.  The  intervals  of  these  ridges  are  crossed, 
chiefly  near  the  margin,  by  finer  radial  ones.  The  pattern  may  lose 
its  regularity — only  two  or  three  marginal  ridges  being  complete,  and 
the  remaining  surface  set  with  irregular  tubercles.  This  occurs  in 
those  scales  which  most  nearly  resemble  the  rhombic  scales  oiMega- 
lichtJiys  ;  but  the  resemblance  stops  here  ;  for  though  in  some  speci- 

mens of  Megalichthys  the  bony  surface  exposed  by  the  absence  or 
non-development  of  the  enamel  shows  irregular  tuberculation,  or 
even  a  faintly  rhombic  pattern  like  that  just  described,  the  scales 
presenting  these  characters  have  their  anterior  area  bounded  by 
straight  lines,  and  do  not  show  the  cycloid  outHne  of  those  of  RJiom- 
hoptycliius,  those  straight  lines,  however,  which  bound  anteriorly 
the  free  area  beino^  common  to  both.     The  under  surface  is  smooth : 
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growth  lines  are  confined  to  the  margin  ;  the  oval  boss  is  sub- 
central.  The  outer  surface  of  these  scales  is  finely  punctate,  dense, 
and  semilustrous. 

The  Andersonian  Museum  of  Glasgow  contains  a  large  slab  on 
which  are  displayed  the  vertebral  column  and  upper  surface  of  the 
cranium  of  this  genus.  About  fifty  vertebrae  are  seen,  of  which  the 
anterior  are  the  shortest  and  broadest,  the  caudal  being  longer 
and  narrower.  The  cranium  is  flattened  superiorly  ;  its  surface  is 
tuberculated  and  traversed  by  mucous  grooves,  and  hues  which 
seem  to  be  the  sutures  of  the  coalesced  bones. 

The  cranial  and  facial  portions  occur  as  separate  masses,  the  com- 
ponents of  each  being  intimately  united.  The  facial  portion,  con- 

sisting of  the  bones  anterior  to 'the  frontals  (those,  namely,  which 
compose  the  muzzle),  very  closely  resembles  thsit  of  Megalichthys  and 
Diplopterus.  Its  crescentic  anterior,  or  intermaxillary  and  vomerine, 
portion  bears  within  and  close  to  either  outer  extremity  a  large  tooth  ; 
and  on  either  side  of  the  middle  line  is  a  similarly  socketted  tooth. 
The  small  marginal  teeth  are  continuous  with  two  curved  rows  of 
equally  small  teeth  which  pass  in  front  of  the  outer  pair  of  tusks, 
and  curving  to  their  inner  side  meet  in  the  middle  line  at  the  ante- 

rior part  of  the  basilar  bar,  whose  surface  is  closely  set  with  fine 
denticles. 

The  cranial  shield  is  sohd ;  its  elements,  intimately  united  by 
suture,  correspond  in  number  with  those  found  in  the  cranial  roof 
of  Megaliclitliys  (Poiss.  Foss.  pi.  63).  But  the  well-ossified  ba- 

silar region  includes  a  massive  basioccipital  which  projects  be- 
hind the  vertical  posterior  wall  of  the  cranium,  and  sometimes  has 

its  length  increased  by  the  coalescence  with  it  of  at  least  the  first 
vertebral  ring,  whose  neural  processes  remained  distinct.  The  an- 

terior part  of  the  cranial  is  sometimes  deficient,  the  sphenoidal  (and 
prootic  ?)  portion  becoming  detached.  In  a  lateral  view,  the  ascend- 

ing alisphenoidal  (?)  plates  and  an  incomplete  interorbital  osseous 
septum  are  well  seen. 

The  lower  boundary  of  the  elongated  orbital  space  is  nowhere 
preserved,  the  only  surviving  parts  of  the  lateral  surface  of  the  head 
being  the  large  opercular  plates  and  the  maxillae. 

The  maxilla  is  slender  in  front,  and  sends  off  near  its  truncated 
extremity  a  strong  process  directed  inwards  and  forwards,  for 
articulation,  probably,  with  the  prefrontal  or  ethmoidal  region.  It 
gradually  expands  posteriorly,  and  bears  on  the  greater  part  of  its 
inferior  margin,  which  is  rounded  and  slightly  deflected  at  the  lower 
posterior  angle,  a  row  of  strong,  sharp,  abruptly  conical  teeth  of  uni- 

form size;  their  bases  are  strongly  plicate,  their  upper  portion 
usually  finely  reticulated.  Between  the  maxillae  and  the  basilar 
bar  the  roof  of  the  mouth  seems  to  have  been  closed  in  by  a  pair  of 
plates  like  those  of  Megalichthys,  whose  surface  is  set  with  fine 
rasp -like  teeth,  bounded  by  a  row  of  small,  stout,  conical  teeth. 
The  connexions  of  these  parts  are  nowhere  seen. 

The  mandible  is  a  strong  bone,  deep  in  front,  tapering  poste- 
riorly   on    both    margins;    the     transversely    elongated,     saddle- 
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shaped  articular  surface  looks  obliquely  upwards  and  backwards, 
giving,  when  the  great  length  of  the  bone  is  considered  (for  it 
reaches  to  nearly  opposite  the  hinder  cranial  margin),  an  enormous 
gape.  The  symphysial  extremity  is  imperfect;  but  the  arrangement 
of  the  teeth  is  probably  similar  to  that  in  the  other  genera  of  the 
CrossoiDterygidce ;  that  is  to  say,  a  row  of  small  conical  teeth  borders 
the  outer  dentary  margin.  About  the  middle  of  the  bone  several 
large  distant  teeth  occur,  having  their  sockets  internal  to  the  mar- 

ginal row.  These  teeth  are  strong  straight  cones,  plicate  at  the 
base,  surrounded  at  or  above  the  middle  by  one  or  more  rings  of 
short  longitudinal  furrows  or  pits.  The  inner  or  splenial  margin 
bears  numerous  rasp-hke  teeth.  The  splenial  and  dentary  margins 

are  thus  separated  by  an  interval,*  considerable  in  front  (where  the 
large  teeth  are  socketed),  but  narrowing  behind,  and  ceasing  a  little  in 
front  of  the  articular  end  of  the  mandible.  The  outer  surface  of  the 

bone  is  covered  with  fine  tubercles  and  less  prominent  connect- 
ing ridges.     The  aspect  is  thus  rather  granular  than  reticulate. 

The  vertebrae  of  WiombojDti/cJiius  are  osseous  rings,  two  of  which 

measured  respectively  j^  and  i-|  of  an  inch  in  diameter,  J^  and  ̂ ^- 
in  length.  The  area  of  the  notochordal  foramen  is  three-fourths  of 
the  whole  surface,  greater,  therefore,  than  in  Strepsodus,  but  less 
than  in  the  typical  annular  vertebrae  of  Megaliclitliys  and  Rhizodopsis. 
The  spines  associated  with  them  on  specimens  in  the  British  Mu- 

seum consist  of  a  cylindrical  recurved  shaft,  an  articular  head  with 

convex  inferior  margin,  and  a  compressed  distal  extremity*. 
Portions  of  jaws  are  found  in  the  same  beds  with  the  remains  just 

described,  whose  outer  surface  is  similarly  ornamented,  and  whose 
teeth  are  disposed  in  the  same  way.  But  these  teeth  are  remarkable 
for  the  great  breadth  of  their  bases  as  compared  with  the  rapidity 
with  which  they  taper  to  a  fine  point,  often  incurved. 

Megalichthts,  Agassiz. 

For  the  cranial  and  vertebral  characters  of  this  genus,  and  the 
advance  which  the  latter  show  upon  the  Saurodipterines  with  which 

it  is  associated,  I  would  refer  to  p.  12  of  Prof.  Huxley's  Essay, 
already  quoted. 

The  resemblance  between  Megcdiclitliys  and  HhomhojytycJiius  is  very 
close,  both  in  cranial  structm-e  and  in  the  arrangement  of  the  denti- 
gerous  bones.  Mention  has  been  made  above  of  palatal  tooth-bearing 
plates.  These  are  two  in  number,  triangular,  with  rounded  ante- 

rior apex ;  their  posterior  extremity  is  not  seen,  two  inches  being 
the  greatest  length  to  which  they  are  exposed.     Each  plate  bears 

*  In  this  and  other  genera  it  must  be  remembered  that  only  those  rertebrae 
are  spoken  of  which  occur  in  actual  association  -n-ith  characteristic  portions  of 
the  fishes  to  which  they  are  ascribed.  This  caution  is  necessary,  and,  at  the  same 
time,  perhaps  not  always  protective  against  error.  For,  on  the  one  hand,  there 
are  good  grounds  for  suspecting  in  some  genera  a  difference  in  dimensions  and 
even  proportions  of  the  vertebrre  in  the  same  colimm,  and,  on  the  other,  the 
presence  of  vertebrge  belonging  to  more  than  one  individual  is  possible  on  tlie 
same  block.  The  number  of  vertebrge  still  unaccoimted  for  is  large  ;  but  it  would 
be  both  premature  and  out  of  place  to  enter  on  their  description  here. 
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a  marginal  row  of  short,  very  stout  "conical  teeth  with  fluted  bases  ; the  rest  of  their  surface  is  set  with  similar  but  smaller  teeth,  which 
are  more  distant  over  the  anterior  portion,  but  posteriorly  pass  into 
a  dense  rasp  of  minute  denticles.  The  connexions  of  these  plates 
are  not  seen ;  but  they  probably  fitted  into  the  angles  formed  on 
either  side  by  the  maxilla  and  sphenoid.  Since  1861,  specimens  illus- 

trating the  form  of  the  fins  hare  been  acquired  by  the  Museum  ;  but 
the  description  and  illustration  of  these  parts  are  reserved,  the  pur- 

pose of  this  paper  being  merely  to  give  the  diagnostic  characters  fur- 
nished by  the  scales  and  teeth. 

The  teeth  are  conical,  more  or  less  incurved,  and  of  very  elegant 
proportions.  Both  jaws,  the  premaxillary  region  above,  and  the  an- 

terior part  of  the  mandible,  contain  teeth  larger  than  the  numerous 
small  ones  which  occupy  the  edge  of  the  bones,  and,  as  in  RJiomho- 
ptycliius,  form  an  angulated  row  across  the  roof  of  the  mouth.  The 
surface  of  the  majority  is  smooth ;  many,  however,  are  covered  with 
very  fine  ridges,  which  involve  merely  the  outer  portion  of  the 
enamel,  and,  as  Mr.  Davis  has  pointed  out  to  me,  disappear  by  at- 

trition. These  lines  are  either  parallel  or  anastomose  to  form  a  fine 
reticulation ;  but  nothing  approaching  the  pattern  of  Strepsodus, 
either  in  position  or  symmetry,  is  found.  In  a  note  read  before  the 

Society  in  February,  I  proposed  the  abolition  of  Centrodus,  M'Coy, 
on  the  ground  that  that  tooth  is  avowedly  a  fragment,  that  it  is  unac- 

companied by  either  bone  or  scale,  and  that  it  is  identical  in  character 
with  teeth  unmistakeably  associated  with  Megalichthyic  remains. 
I  have  since  had  the  satisfaction  of  finding  that  Mr.  Davis  had 
arrived  at  the  same  opinion,  a  tablet  of  teeth  from  Carluke  bearing, 
as  synonyms,  MegaUclithys  and  Centrodus. 

The  scales  and  head-bones  of  Megalichthys  are  covered  by  a  layer 

of  smooth,  porous  ganoin.  "When  this  is  detached  by  accident,  the subjacent  surface  of  bone  is  also  smooth,  but  perforated  by  the 
larger  and  smaller  tubes  passing  up  from  the  interspaces  in  the 
osseous  substance  of  the  scale.  Such  is  the  typical  appearance; 
but  in  a  large  number  of  examples  (fig.  6)  the  ganoin  both  of  scales 
and  bones  is  patchy  and  incomplete,  covering  nearly  the  whole  of  the 
surface,  and  only  interrupted  by  circular  spaces,  which  are  distin- 

guished by  their  concentrically  sloping  margins  from  the  mucus- 
pores,  which  are  surrounded  by  a  thin  raised  ring ;  or  the  ganoin 
only  occurs  as  scattered  points.  A  carefiilly  prepared  section  of  a 
scale  through  such  an  isolated  patch  shows  that,  beneath  the  ga- 

noin, the  structure  is  the  same  as  in  the  typical  Megalichthys- 
scale,  of  which  Williamson  has  given  an  excellent  description.  The 
ganoin  ceases  on  either  side  with  an  abruptly  rounded  margin,  which 
dips  down  to  and  stops  at  the  average  surface  of  the  scale ;  for  it  coats 
a  low  eminence  made  up  of  the  kosmin  or  non-corpusculated  bone, 
the  tufts,  capillary  tubes,  and  the  upper  series  of  Haversian  canals. 
Adjoining  the  patch  the  surface  of  the  scale  is  smooth,  and  has,  as  in 
Rhomboptychius,  a  close  and  semilustrous  aspect.  Under  the  micro- 

scope it  is  seen  that  a  thin  layer  of  kosmin  coats  this  part  of  the  scale, 
whose  irregularities  are  formed  of  the  upturned  laminae  of  bone. 
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The  Haversian  system  is  in  direct  communication  with  the  surface, 
giving  rise  to  the  wide  pores.  Sections  of  Rhomhoptycldus  show  the 
same  structure,  as  do  those  of  Rliizodopsis  (H.  sauroides)  in  Wil- 

liamson's memoir.  The  absence  of  ganoin  is  therefore  not  the  re- 
sult of  accident,  but  is  due  to  the  same  cause  in  Megalichthys  as  in 

the  other  two  genera  named — non-development. 
Though  the  main  facts  regarding  these  genera  are  sufficiently  well 

ascertained,  much  still  remains  to  be  done  in  the  working  out  of 
their  details.  The  statements  I  have  made  will,  in  all  probability, 
require  modification  and  correction  as  better-preserved  specimens 
turn  up. 

Prom  comparison  of  a  large  suite  of  specimens  it  appears  that,  while 
the  typical  scales  of  Megalichthys  and  Bhomboptychius  are  sufficiently 
distinct,  the  examples  are  very  many  which  may,  in  the  absence  of 
other  proof,  be  referred  to  either  genus.  Great  differences  of  the 
scales  of  the  same  individual  might  account  for  the  apparent  confu- 

sion ;  but  no  specimens  have  been  found  sufficiently  complete  to  make 
this  certain. 

13.  Note  on  supposed  Burkows  o/Woems  in  the  Laurentian  Hocks 
of  Canada.  By  J.  W.  Dawsoit,  LL.D.,  P.R.S.,  F.G.S.,  Principal 

of  M'Gill  University,  Montreal. 

Among  other  indications  of  fossils  in  the  Laurentian  rocks,  men- 

tioned in  my  paper  on  the  structure  of  Eozoon*.  are  certain  per- 
forations resembling  burrows  of  worms,  found  in  a  calcareous 

quartzite  or  impure  limestone  from  Madoc,  in  Upper  Canada.  They 
occur  in  specimens  in  the  Museum  of  the  Geological  Survey,  and 
also  in  specimens  subsequently  collected  by  myself  at  the  same 

place. 
The  beds  at  Madoc,  containing  these  impressions,  underlie,  un- 

conformably,  the  Lower  Silurian  limestones,  and  are  regarded  by 
Sir  W.  E.  Logan  as  belonging  to  a  somewhat  higher  horizon  in  the 
Laurentian  than  the  Eozoon  Serpentines  of  Grenville.  They  are  also 
less  highly  metamorphosed  than  the  Laurentian  rocks  generally. 

They  are  described  in  Sir  W.  E.  Logan's  Eeport  on  the  Geology  of 
Canada,  1863,  at  p.  32. 

The  impressions  referred  to  consist  of  perforations  approaching  to 
a  cylindrical  form,  and  filled  with  rounded  siliceous  sand,  more  or 
less  stained  with  carbonaceous  and  ferruginous  matter,  more  espe- 

cially near  the  circumference  of  the  cylinders.  These  superficial 
portions  being  harder  than  the  containing  rock,  and  of  darker  colour, 
and  also  harder  than  the  interior  of  the  cyhnders,  project  as  black 
rings  from  the  weathered  surfaces ;  but  in  their  continuation  into 
the  interior  of  the  mass,  they  appear  only  as  spots  or  lines  of  a 

slightly  darker  colour,  or  stained  with  iron-rust. 
When  sliced  transversely  and  examined  under  the  microscope, 

they  appear  as  round,  oval,  or  semicircular  holes  drilled  through  the 

*  Quart.  Journ.  Geol.  Soe,  Feb.  1866. 



1866.] DAWSON   LAUEENTIAN  ANNELIDS. 609 

rock,  and  lined  around  their  circumference  with  dense  and  dark- 
coloured  siliceous  matter,  while  the  axis,  which  is  often  of  a  bilohate 

form,  is  comparatively  transparent  and  of  softer  texture.  The  per- 
forations are  often  at  right  angles  to  the  bedding,  hut  in  some  cases 

nearly  parallel  with  it. 
In  regard  to  the  origin  of  these  perforations,  I  suppose  that  they 

may  have  been  either  (1)  burrows  of  worms  filled  with  sand  sub- 
sequently hardened  and  stained  at  the  surface,  or  (2)  tubes  com- 

posed of  sand,  like  those  of  Sahella,  or  (3)  cavities  left  by  the 
decay  of  Algae,  and  filled  with  sand.  The  first  I  think  the  most 
probable  view. 

Figs.  1-5. — Illustrating  supposed  Annelid-tuhes  from  tlie 
Laurentian  Rocks  of  Canada. 

'4 

b        e         a 

Fig.  1.  Transverse  section  of  Worm -burrow.    Magnified,  as  a  transparent  object. 
a.  Calcareo-siliceous  rock.  |  c.  Sand  agglutinated  and  stained  black. 
h.  Space  filled  with  calcareous  spar.  I  d.  Sand   less   agglutinated  and   unco- 

I  loured. 
Fig.  2.  Transverse  section  of  Worm-burrow  on  weathered  surface.   Natural  size. 

3.  The  same,  magnified. 
4.  Spicule,  magnified. 
5.  Lenticular  body,  magnified. 

I  may  add  that  the  beds  at  Madoc  containing  these  supposed 
fossils,  hold  also  on  their  weathered  surfaces  impressions  with  rude 
casts  of  concentric  laminae,  like  those  of  Stromatopora  or  Eozoon, 
but  too  obscure  for  determination.  The  limestones  interstratified 

with  these  beds  also  contain  fragments  of  Eozoon,  not  fossilized  by 
serpentine,  but  simply  by  carbonate  of  lime,  carbonaceous  fibres, 
spicules  like  those  of  sponges,  and  lenticular  bodies  of  unknown 
nature. 
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Athenaeum  Journal.     Kos.  2006-2018.     April  to  June  1866. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

D.  Page's  '  Geology  for  General  "Readers,'  noticed,  460. 
J.  Nicol's  'Geology  and  Scenery  of  the  North  of  Scotland,'  noticed, 460. 

G.  Greenwood. — Theory  of  Geological  Phenomena,  471. 
Palseontographical  Society,  471. 

C.  Engelhardt's  '  Denmark  in  the  Early  Iron  Age,'  noticed,  830. 
B.  von  Cotta's  *  Rocks  Classified  and  Described,'  noticed,  837. 

Berlin.     Monatsberichte  der  koniglichen  Preussischen  Akademie  der 
Wissenschaften  zu  Berlin.     1865. 

Beyrich. — Ueber  einige  Cephalopoden  aus  dem  Muschelkalk  der 
Alpen  und  iiber  verwandte  Arten,  640. 

Peters. — Ueber  einen  im  fossilen  Copalharz  eingeschlossenen  Gekko, 
Hemidactylus,  aus  Zanzibar,  695. 

Rose. — Ueber  die  Gabbro-Formation  von  Neurode  in  Schlesien,  51. 
  .    Ueber  die  Eaystallform  des  Albits  von  der  Roche  tom-nee 

und  von  Bonhomme  in  Savoyen  in's  Besondere  und  des  Albits  im 
Allgemeinen,  234. 

  .     Monatsbericht  der  koniglichen  Preussischen  Akademie  der 
Wissenschaften.     January  1866. 

Beyrich. — Ueber  ein  neues  Skelet  des  Pterodactylus  longirostr'is,  16. 

  .     Sitzunorsberichte  der  GeseUschaft  naturforschender  Preunde. 
1860-62  and  1865. 

— .     Zeitschrift  fiir  die  gesammten  Naturwissenschaften.     Vol. 
xxiv.     1864. 

W.  E.  V.  Braun. — Beitrage  zur  Kenntniss  der  spharoidischen  Con- 
cretionen  des  kohlensauren  Kalkes,  97. 

Siewert. — Ueber  die  Trennung  von  Cadmium,  399. 

— .       .     Vol.  XXV.     1865. 

F.  Bode. — Die  Steinkohlenformation  bei  Plotz,  233  (plate). 
W.  Heintz. — Bemerkungen  tiber  den  Stassfurtit,  404. 
A.  Steinbeck. — Ueber  den  Stassfurtit,  397. 
G.  Suckow. — Notizen  zu  Erganzungsfarbenphanomenon  und  mine- 

ralischen  Metamorphosen,  143. 

-.       .     Vol.  xxvi.     1865. 

G.  Suckow. — Ueber  die  Aufgabe  der  Mineralogie,  239. 

Bremen.    Erster  Jahresbericht  des  naturwissenschaftlichen  Vereines. 
1866. 

Calcutta.     Journal  of  the  Asiatic  Society  of  Bengal.    Part  I.  No.  4, 
and  Part  II.  No.  4.     1865. 
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Canadian  Journal.     New  Series.     Yol.  xi.     No.  62.     April  1866. 

Chemical  Society.     Journal.     Second  Series.    Vol.  iv.     Nos.  39-42. 
March  to  June  1866. 

A.  H.  Church. — Chemical  Researches  on  New  and  Rare  Cornish 
Minerals,  180. 

J.  A.  Wanklyn  and  E.  T.  Chapman. — Magnesium,  141. 

Colliery  Guardian.    Yol.  xi.     Nos.  275-287.     April  to  June  1866. 

Notices  of  Meetings  of  Geological  Societies. 
Oil-wells  in  Russia,,  254. 
Geological  History  of  the  Surface  of  Land,  255. 
Origin  of  Coal,  255. 
Coal-supply  of  Europe  and  America,  259,  276. 
E.  H.  Birkenhead. — Geology  of  the  Lancashire  Coal-iields,  261. 
Maryland  Coal-fields,  258. 
Leinster  Coal-field,  315. 
Anthracite  in  California,  363. 
American  Coal-statistics,  385. 
Discovery  of  Coal  on  the  shores  of  the  Red  Sea,  407. 
J.  Randall. — Petroleum  in  Shropshire,  408. 
Ironstone  in  the  Wigan  four-feet  coal,  408. 
Origin  of  Petroleum,  463,  466. 

J.  Holdsworth's  '  Extension  of  the  English  Coal-fields  beneath  the 
Secondary  Formations  of  the  Midland  Counties,  &c.,'  noticed,  465. 

Cornwall.     Royal  Geological  Society.     48th,  49th,  and  50th  Annual 
Reports  and  Transactions.     1865. 

W.  Pengelly. — Geological  Age  of  the  Dartmoor  Granites,  419. 
E.  Came. — Geology  of  Mentone,  438. 
W.  Pengelly, — Co-relation  of  the  Slates  and  Limestones  of  Devon 

and  Cornwall  with  the  Old  Red  Sandstone  of  Scotland,  441. 

  .     Supposed  Uniform  Height  of  Contemporary  Raised  Beaches, 446. 

S.  Higgs,  jun. — Notice  of  a  Chalk  Flint  (P)  found  in  the  Balles- 
widden  Mine,  St.  Just,  448. 

Darmstadt.    Notizblatt  des  Yereins  fiir  Erdkunde.    Yol.  iii.    Heft  4. 
1865. 

R.   Ludwig. — Untersuchung     von    Versteinerungen    des    Mainzer 
Beckens,  47. 

  .     Yersteinerungen  im  Stringocephalenkalke  hei  Waldgirmes, 62. 

Die  Fischreste  im  tertiaren  Meeresthone  bei  Nierstein,  80. 

Langsdorf — Basalt  und  Buntsandstein  auf  dem  Otzberg,  80. 
R.  Ludwig. — Melaphyr  in  der  Nahe  von  Frankfurt,  95. 
Langsdorf — Basalt  und  Buntsandstein  bei  Eisenbach,  95. 
R.  Ludwig. — Stringocephalenkalk  und  Cramenzelschiefer  der  Devo- 

nischen  Formation  zwischen  Langgons,  Butzbach  und  Holzheim, 
95. 

  .     Der   Septarienthon    (Beyrich)   tiber   den   Braunkohlen   mit 
Glyptostrohus  JEuropceus  bei  Zell  im  Yogelsberge,  157. 

  .     Melaphyi'gang  im  Granit  an  der  Stiftsstrasse  in  Darmstadt, 
188. 

Fuchs. — ^Die  vulcanischen  Erscheinungen  der  Erde,  191. 
Zincken. — Die  Braunkohle  und  ihre  Yerwendung,  192. 
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Dublin.     Eoyal  Society.     Journal.     Yol.  iv.     No.  34.     1865. 

Geological  Magazine.    Yol.  iii.     Nos.  4  &  6.     April  and  June  1866. 

F.  W.  Hutton.— Geology  of  tlie  Island  of  Malta,  145  (2  plates). 
T.  R.  Jones. — Specimens  from  Malta,  151. 
P.  B.  Brodie. — Deposit  of  Phosphatic  Nodules  in  Bedfordshire,  153. 
D.  Mackintosh. — Sea  against  Rivers,  or  the  Origin  of  Yalleys,  155. 
H.  Wyatt-Edgell. — New  Species  of  Lichas,  &c.,  from  the  Llandeilo 

Flags,  160. 
A.  H.  Church. — ^Notes  on  Chinese  Figure-stones,  164. 

D.  Page's  '  Geology  for  General  Readers,'  noticed,  175. 
J.  Nicol's  ̂ Geology  and  Scenery  of  Scotland,'  noticed,  177. 
G.  P.  Scrope.— Origin  of  Hills  and  YaUeys,  241. 
A.  Geikie. — Permian  Yolcanos  in  Scotland,  243. 
W.  Carruthers. — Fossil  Araucarian  Cones,  249  (plate). 
G.  Maw. — Tufa-deposits  in  Flintshire,  253. 
Monographs  of  the  Pataeontographical  Society,  259. 
Quarterly  Journal  of  the  Geological  Society,  261. 
Notices  of  Memoirs,  165,  256. 
Reports  and  Proceedings,  178,  263. 
Correspondence,  184,  275. 
Miscellaneous,  189,  284. 
Obituary  Notices,  192,  288. 

Geological  and  Natural  History  Repertory.     Yol.  i.      Nos.  12-14. 
April  to  June  1866. 

Proceedings  of  Societies,  244. 
T.  Baines. — Flint-flakes  in  the  Drift  and  manufacture  of  Stone 

Implements  by  the  Australians,  258. 
Notes  and  Queries,  264. 

Geological  and  Polytechnic  Society  of  the  West  Riding  of  Yorkshire. 

Report  of  Proceedings.     1864-65. 

E.  Tindall. — On  an  Ancient  Barrow  or  Tumulus,  and  Flint  Imple- 
ments, found  near  Bridlington,  387. 

P.  Cooper. — Effects  of    certain    Geological  Arrangements    on   the 
working  of  Coal,  394. 

J.  Farrer. — Further  Explorations  in  the  Dowkerbottom  Caves^  in 
Craven,  414. 

Geologists'  Association.     Proceedings.     Part  1.     1866. 
C.  T.  Richardson. — Past,  Present,  and  Future  of  Geology,  1. 
C.  C.  Blake. — Geological  Evidences  of  the  Present  Domesticated 

Animals,  6. 
A.  Bott. — Lepidotus  Fittoni,  12. 
J.  Rofe. — The  Starr  Hills  of  the  Lancashire  Coast,  13. 
R.  J.  L.  Guppy. — Certain  River-bars  and  Lagoons  on  the  Coast  of 

New  Zealand,  16. 

Heidelberg.    Yerhandlungen  des  naturhistorisch-medizinischenYer- 
eins.     Yol.  iv.  Part  2.     1866. 

Fuchs. — Ueber  die  Natur  der  Lava,  25. 

Institution  of  Civil  Engineers.     Abstracts  of  Proceedings.     Session 
1865-66.     Nos.  15  &  16. 

G.  R.  Burnell. — Water-supply  of  Paris. 
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Intellectual  Obserrer.     Yol.  ix.     Nos.  51-53.     April  to  June  1866. 

Mastodon  and  Elephant,  239. 
Woodwardite,  240. 
Discovery  of  an  Entire  Mammoth,  240. 
D.  T.  Ansted.— Winter  Visit  to  Mount  Etna,  268. 

Leeds  PhilosopHcal  and  Literary  Society.  Annual  Eeport  for  1864- 
65. 

  .     Catalogue  of  the  Library. 

Linnean  Society.  Journal.  Yol.  ix.  No.  33  (Zoology)  and  Xo.  37 

(Botany).     1866. 

Liverpool  Literary  and  Philosophical  Society.    Proceedings.    Xo.  19. 
1864-65. 

"W.  Ferguson. — Geological  Notes  on  the  Aberdeenshire  Coast,  162. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  Pouiih 

Series.  Yol.  xxxi.  Nos.  209-212.  April  to  June  (with  Sup- 
plementary Number)  1866. 

J.  Croll. — Physical  Cause  of  the  Submergence  and  Emergence  of  the 
Land  dming  the  Glacial  Epoch,  801. 

Geological  Society.     Abstracts  of  Proceedings,  818^  477,  545. 
J.  C.  Moore. — Glacial  Submergence,  372. 

S.  Haughton. — Change  of  Eccentricity  of  the  Earth's  Orbit  regarded 
as  a  Cause  of  Change  of  Climate,  374. 

Pratt.— The  Fliud  Theory  of  the  Earth,  430. 
  .     The  Level  of  the  Sea  during  the  Glacial  Epoch,  532. 

London  Review.     Yol.  xii.     Nos.  301-313.     April  to  June  1866. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 
Mines  of  Cornwall  and  Devon,  402. 

Manchester  Geological  Society.      Transactions.     Yol.  v.      No.  13. 
1865-66. 

G.  C.  GreenweU. — On  some  Coal  plants,  194. 
C.  Hardwick. — Geology  in  its  relation  to  Archaeology,  201. 
J.  Plant  and  E.  Williamson. — Geology  and  Fossils  of  the  Lui^ula- 

flao's,  or  Primordial  Zone,  of  the  Gold-districts  of  North  Wales, 
220  (plate). 

Microscopical  Society.  Address  of  the  President,  James  Glaisher, 
Esq.,  F.E.S.     1866. 

  .     List  of  Members.     1865. 

Munich.     Sitzungsberichte  der  konigl.-bayer.  Akademie  der  Wissen- 
schaften.     1865.     Yol.  ii.     Hefte  3  &  4. 

V.  KobeU. — Leber  den  Klipstenit,  ein  neues  Mangansilicat,  340, 
C.  W.  Giimbel. — Leber  das  Vorkommen  von  unteren  Triasschichten 

in  Hochasien,  348  (plate). 

  .       .     1866.     Yol.  i.  Hefte  1  &  2. 

C.  W.  Giunbel. — Das  Yorkommen  von  JEozoon  in  dem  ostbayerischen 
Urgebirge,  25  (3  plates). 
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Northumberland  and  Durham.     Natural  History  Transactions   of. 
Yol.i.     Parti.     1865. 

J.  W.  Kirkby. — Eemains  of  Fish  and  Plants  from  the  "  Upper  Lime- 
stone" of  the  Permian  Series  of  Durham,  64  (plate). 

Palaeontographical  Society.     Monographs  of  British  Possils.     Yol. 
xviii.     For  the  year  1864.     1866. 

A  Monograph  of  the  British  Fossil  Echinodermata  from  the  Oolitic 
Formations.     Vol.  ii.   Part  2.    On  the  Ophiuroidea.     By  Thomas 
Wright. 

A  Monograph  of  British  Trilobites.     Part  3.     By  J.  W.  Salter. 
A  Monograph  of  British  Belemnitidce.     Part  2.     By  John  Phillips. 

The  British  Pleistocene  Mammalia.     Part  1.    By  "W.  Boyd  Dawldns and  W.  Ayshford  Sanford. 

Paris.    Annales  des  Mines.    6^  Se'rie.    Yol.  viii.  Livr.  5  &l  6.    1 865. 
Daubr^e. — Extraits  de  mineralogie,  219. 
Delesse  et  de  Lapparent. — Extraits  de  Geologic,  307,  397. 

  .       .       ,     Yol.  ix.  Livr.  1.     1866. 

  .     Bulletin   de   la   Societe   Geologique   de  France.     2'^  Serie. 
Yol.  xxiii.  FeuiUes  1-5.     1866. 

D'Omalius  d'Halloy. — Sur  une  deconverte,  a  Mons,  d'un  calcaire 
grossier  avec  fossiles  semblables  a  ceux  du  calcaire  grossier  de 
Paris,  12. 

Toucas. — Sur  I'infra-lias  du  Beausset  (Yar),  13, 
Yirlet, — Sur  la  topographic  et  la  gdologie  du  Mexique  et  de  TAme- 

rique  centrale,  14. 
L.  Pillet. — Le  terrain  argovien  aus  enyirons  de  Chambery,  50. 
Arnaud. — Des  argiles  lignitiferes  du  Sarladais,  59. 
Levallois. — Sur  la  decouverte,  par  MM.  A.  Falsan  et  A.  Locard,  de 

deux  lits  a  ossements  dans  le  Mont-d'Or  Lyonnais,  64. 
Edm.  Pellat. — Sur  la  communication  precadente,  66. 
A.  Bou4. — Sur  les  environs  de  Lahr,  70  (plate). 
J.  J.  Bianconi. — Sur  I'ancien  exhaussement  du  bassin  de  la  Mediter- 

ranee,  72. 

A.  Locard. — Sur  la  presence  de  deux  hotie-bccJs  dans  le  Mont-d'Or 
Lyonnais,  80. 

Philadelphia.     Academy  of  ISTatural  Sciences.     Proceedings,  1865. 

Nos.  1-5.     January  to  December. 

F.  B.  Meek  and  A.  H.  Worthen. — ^ew  Types  of  Organic  remains 
from  the  Coal-measm'es  of  Illinois,  41. 

T.  A.  Conrad. — Eocene  Lignite  Formation  of  the  United  States,  70. 
  .  Catalogue  of  the  Eocene  Annulata,  Foramiuifera,  Echinoder- 

mata, and  Cirripedia  of  the  United  States,  73. 
A.  Winchell. — New  species  of  Fossils  from  the  Marshall  Group  of 

Michigan,  and  its  supposed  equivalents  in  other  States,  109. 
E.  D.  Cope. — AtnjjJiibamus  grandiceiJS,  a  new  Batrachian  from  the 

Coal-measures,  134. 
F.  B.  Meek  and  A.  H.  Worthen. — Remarks  on  the  Genus  Taxocnniis, 

138. 

  .     Descriptions  of  new  species   of   Crinoidea,   &c.,   from  the 
Paloeozoic  Kocks  of  Illinois,  143,  155. 

F.  B.  Meek. — On  the  genus  Gilhertsocrinus,  166. 
VOL.  XXII,   PAET  I.  2  T 
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Philadelphia.     Academy  of  Natural  Sciences.     Proceedings,  1865. 

Nos.  1-5  (continued). 

T.  A.  Conrad. — Observations  on  American  Fossils,  with  Descriptions 
of  two  new  species,  184. 

F.  B.  Meek  and  A.  H.  Worthen. — ^Palseontology  of  Illinois  and  other 
Western  States,  245. 

F.  B.  Meek. — Microscopic  Shell-structure  of  Spirifer  cuspidatus,  Sow., 

Photographic  Journal.     Yol.  xi.     Nos.  168-170.     April  to  June 
1866. 

Puy.     Annales  de  la  Societe  d' Agriculture,  Sciences,  Arts  et  Com- 
merce.    Vol.  XXV.     1862. 

  -.   .     Yol.  xxvi.     1863. 

Quarterly  Journal  of  Microscopical  Science.     New  Series.    Yol.  xiv. 
No.  22.     April  1866. 

Quarterly  Journal  of  Science.     Yol.  iii.     No.  10.     April  1866. 

Darwin  and  his  Teachings,  151  (lithographic  portrait). 
C.  Dauheny. — Antiquity  of  the  Yolcanos  of  Auvergne,  199. 

Eeader.     Yol.  vii.     Nos.  171-184.     April  to  June  1866. 
Notices  of  Meetings  of  Scientific  Societies,  &c. 

D.  T.  Ansted's  '  Physical  Geography  and  Geology  of  Leicestershire,' 
noticed,  351. 

Physical  Aspect  of  Palestine,  376. 

E.  I.  Murchison.— Geology  of  the  North  of  Scotland,  377. 
Theory  of  Geological  Phenomena,  499. 

W.  B.  Dawkins  and  W.  A.  Sanford's  '  British  Pleistocene  Mammalia,' 
noticed,  422. 

C.  M.  Doughty.— Glaciers  of  Norway,  566. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland.     New  Series. 
Yol.  ii.  Part  1.     1866. 

Royal  Geographical  Society.     Proceedings.     Yol.  x.     No.  3.     May 
1866. 

Schmidt. — ^Volcanic  Eruptions  in  Santorin,  118. 
  ■.     Journal.     Yol.  xxxv.     1865. 

J.  F.  Wilson. — Water-supply  of  the  Orange  River  Basin,  106  (map). 

Royal  Horticultural  Society.    Journal.    New  Series.    Yol.  i.  Part  2. 
April  1866. 

  .     Proceedings.     New  Series.     Yol.  i.     Nos.  3-6.     March  to 
June  1866. 

Royal  Institution.     Proceedings.     Yol.  iv.  Part  3.     1866. 

W.  Pengelly. — Kent's  Cavern,  Torquay,  534. 

Royal  Society.     Proceedings.     Yol.  xv.     Nos.  82-84.     1866. 
J.  Evans. — Possible  Geological  Cause  of  Changes  in  the  Position  of 

the  Axis  of  the  Earth's  Crust,  46. 
C.  E.  von  Baer. — Discovery  of  the  Body  of  a  Mammoth  in  Arctic 

Siberia,  93. 

W.  B.  Dawkins. — Dentition  of  MJdnoceros  leptorhinus,  Owen,  106. 
C.  Schorlemmer, — Amyl-compounds  from  Petroleum,  131. 
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Royal  Society.     Transactions.     Vol.  cliv.     1864-65. 
J.  Prestwicli. — Theoretical  Considerations  on  tlie  Conditions  under 

wliicli  tlie  (Drift)  Deposits  containing  tlie  Remains  of  Extinct 
Mammalia  and  Flint  Implements  were  accumulated;  and  on  their 
Geological  Age,  247  (2  plates). 

S.  Haughton. — Joint-systems  of  Ireland  and  Cornwall;  and  their 
Mechanical  Origin;  393. 

  .   .     Yol.  civ.  Parts  1  &  2.     1866. 

T.  H.  Huxley. — Osteology  of  the  genus  Glyptodon,  31  (6  plates). 
E.  W.  Binney. — Description  of  some  Fossil  Plants,  showing  Struc- 

ture, found  in  the  Lower  Coal-seams  of  Lancashire  and  Yorkshire; 
579  (6  plates). 

-.     List  of  Fellows,  Foreign  Members,  &c.     1865. 

St.  Petersburg.    Yerhandlungen  der  kaiserlichen  Gesellschaft  fiir  die 
gesammte  Mineralogie.     Jahrgang  1863.     1864. 

H.  Rose. — Ueber  den  Samarskit,  1. 

N.  Barbot  de  Marni. — Beschreibuug  der  Astrachan'schen  oder  Kal- 
miicken  Steppe,  15  (^coloured  map). 

C.  Pander. — Geognostische  Beobachtungen  auf  der  Ssamara'schen 
Biegimg,  121  (coloured  map). 

P.W.  Jeremejew. — Beschreibuug  einiger  Andalusite  russischer  Fun- 
dorte,  135. 

E.  V.  Hoffmann. — Der  Jura  in  der  Umgegend  von  Ilezkaja  Sasch- 

tschita  im  Orenburg'schen  Gouvernement,  148  (7  plates). 

Scientific  Ox3inion.     Yol.  i.     Kos.  1-3.     April  to  June.    1866. 

Notices  of  Meetings  of  Scientific  Societies;  &c. 
D.  Mackintosh. — Geology  of  the  Moon,  4. 

D.  Page's  '  Geology  for  General  Readers,'  noticed;  11. Coal  in  London,  39. 

F.  W.  Hutton.— Geological  History  of  Malta,  53. 

Shanghai.     Journal  of  the  North-China  Branch  of  the  Royal  Asiatic 
Society.     New  Series.     No.  2.     December  1865. 

Lamprey. — Geology  of  the  Great  Plain,  1  (map). 
T.  W.  Kingsmill. — Geology  of  a  portion  of  Quang-Tung,  21  (map). 

Society  of  Arts.     Journal.    Yol.  xiv.    Nos.  698-710.    April  to  June 
1866. 

Coal  in  China,  450  -,  in  Queensland,  479. 
Origin  of  Petroleum,  479. 
The  Coal  Question,  490. 
Copper  Trade,  491. 
Liverpool  Coal  Trade,  494. 
Eruption  produced  by  an  Artesian  Well,  495. 
Bismuth  in  New  Zealand,  550. 

Turin.     Atti  deUa  R.  Accademia  delle  Scienze.    Yol.  i.  Parts  1  &  2. 
1866. 

2t2 
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Turin.     Memoric  della  Eeale  Accademia  delle  Scienzc.     2''''^  Scrie. 
Yol.  xxi. 

Perazzi, — Sul  concentramento  della  calcopirite   iiel   giacimento  di 
pirottina  niclielifera  di  Miggiando^  e  siiUa  paragenesi  dei  minerali 
cristallizzati  clie  vi  si  trovano,  67. 

E.  Sismonda  e  De  Filippi. — Disquisizioni  paleontologiclie  intorno  ai 
Corallarii  fossili  delle  recce  terziarie  del  distretto  di  Messina^  73 
(14  plates). 

La  Marmora  e  E.  Sismonda. — Nota  intorno  ai  giacimenti  cupriferi 

contenuti  nei  monti  serpentinosi  dell'  Italia  centrale,  396. 
G.  Seguenza. — Disquisizioni  paleontologiche  intorno  ai  Corallarii  fos- 

Yienna.    Denkschriften  der  kaiserlichen  Akademie  der  "Wissenscliaf- ten.     Yol.  xxiv.     1865. 

Zittel. — Die  Bivalven  der  Gosaugebilde  in  den  nordostliclien  Alpen, 
105  (11  plates). 

Laube. — Die  Fauna  der  Scliicliten  von  St.  Cassian^  223  (10  plates). 

  .     Sitziino'sbericlite  der  kaiserlichen  Akademie  der  AYissenschaf- 
ten.     Yol.  li.  Hefte  3-5.     Abth.  i.     1865. 

Unger. — Sylloge  plantarum  fossilium,  196. 
R.  von  Ettingsliausen. — Die  fossile  Flora  des  nialmsclisclilesisclien 

Dachscliiefers,  201. 

Suess. — Ueber  die  Cepllalopoden-Sippe^c«;^^Ao^ew^7i^S;  R.Wagn.^  225 
(4  plates). 

Laube. — Die  Fauna  der  Scbicbten  von  St.  Cassian.     Abtli.  II.,  253. 
Boue. — Yergleicliung  gewisser  eliemaligen  geologiscben  Phanomene 

mit  einigen  unserer  Zeit,  323. 

Unger. — Ueber  einige  fossile  Pflanzenreste  aus  Siebenbiirgen  tmd 
Ungarn,  373. 

Reuss. — Zwei  neue  Anthozoen  aus  den  Hallstadter  Scliicbten;  381 
(4  plates). 

Krenner. — Krystallogi'apliisclie  Studien  iiber  den  Antimonit,  436  (11 
plates). 

— .       .     Yol.  li.  Hefte  3-5.     Abtb.  ii.     1865. 

_.   .     Yol.  lii.  Hefte  1  &  2.     Abth.  i.     1865. 

P>oue. — Ueber  die  niineralogisch-palaontologisclie  Bestimmung  der 
geologisclien  Gebilde,   sammt   Beispielen   ihrer  Anwendung   zur 
Feststelkmg  der  Geologie  des  Erdballes,  31. 

Suess. — Ueber  Ammoniten^  part  1.,  71. 
Stoliezka, — Fine  Revision  der  Gastropoden  der  Gosauscliicliten  iu 

den  Ostalpen,  104  (plate). 
Zittel. — Die  Bivalven  der  Gosaugebilde  in  den  nordcistlichen  Alpen, 

226. 

Zepliarovicli. — Rrj^stallograpliisclie  Mittheilungen  aus  den  cliemis- 

chen  Laboratorien  zu  Graz  nnd  Prag,  237. ' 
Tscliermak. — Ueber  das  Aiiftreten  von  Olivin  im  Augitporphyr  und 

Melaphyr,  265. 

-.     Register  zu  den  Banden  43  bis  60  der  Sitzimo-sberichte  der 

math.-nat.  Classe  der  k.  Akad.'der  Wissenschaften.     1865. 
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Vienna.     Kaiserliche  Akademie  cler  "Wissenschaften  in  Wien.     Ab- 
stracts of  Proceedings.     Nos.  8-13.     1866. 

Tschermak. — Ueber  Pseudomorpbosen  der  Mineralien,  109. 
Gr.  Laube. — Fauna  der  Scbicbten  von  St.  Cassian,  123. 

Jabrbnch  der  k.-k.  geologi>schen  Eeicbsanstalt.     Yol.  xvi. 
No.  1.     January  to  March  1866. 

H.  Hofer. — Beitrage  zur  Kenntniss  der  Tracbyte  und  der  Erznieder- 
lage  zu  Nagyag  in  Siebenbiirgen,  1. 

M.  von  Hantken. — Die  Tertiiirbikle  der  Gegend  westlicb  von  Ofen,  25. 
r.  V.  Hochstetter. — Zur  Erinnernng  an  Dr.  Albert  Oppel,  59. 
E.  F.  von  Sommaruga. — Cbemiscbe  Zusammensetzung  des  Wiener 

Tegels,  68. 
A.  Picbler. — Cardita-Schicbten  iind  Ilauptdolomit,  73. 
J.  Szabo. — Die  Tracbyte  nnd  Rbyolitbe  der  Umgebimg  von  Tokaj,  82. 
J.  Cerniak. — Die  Braunkoblenablagerungen  von  Handlova,  98. 
F.  Babanek. — Die  nordlichen  Tbeile  des  Trentscbiner  Comitates,  105. 
Yerbandhmgen  der  k.-k.  geologiscben  Eeicbsanstalt  1866. 

Warwickshire  Naturalists'  Field-club.     Proceedings.     1865. 

J.  Parker. — Bone-caves  of  Liege,  1. 
P.  B.  Brodie. — Remarks  on  tbree  outliers  of  Lias  in  North  Sbrop- 

sbire  and  South   Chesbire,   Staftbrdsbire,  and   Cumberland,  and 
their  correlation  with  the  main  range,  6. 

Wiesbaden.     Jahrbiicher  des  Yereins  fiir  Naturkundc  im  Herzog- 
thum  Nassau.     Parts  17  &  18.     1862-63. 

II.  PERIODICALS  PURCHASED  FOR  THE  LIBRARY. 

Annales  des  Sciences  Naturelles.     Zoologie.     Yol.  i.     1824. 

J.  Desnoyers. — Nouvelles  observations  sur  le  terrain  qui  contient  en 

Normandie  (departement  de  I'Orne),  le  bois  fossile  a  odeur  de 
trufles,  58  (plate). 

L.  Paieto. — Note  sur  les  bassins  tertiaires,  86. 
Dangerfield. — Aper9u  geologique  de  la  province  de  Mahva  (Inde 

centrale,  249. 

Brongniart. — Sur    le   memoire    de   M.   Constant   Prevost    ̂ ^Sur   la 
Geologic  des  Falaises  de  Normandie,  293. 

Desmarest. — Note  sur  la  necessite  de  retirer  le  corps  organise  nomni^ 
Aniphitoite,  de  la  serie  des  Fossiles  animaux,  331. 

J.  de  Charpentier. — Essai  sur  la  constitution  geognostique  des  Pyre- 
n6es^  451. 

  .       .     Yol.  ii.     1824. 

A.  Bone. — Sur  les  depots  Tertiaires  et  Basaltiques  do  la  partie  du 
Wirtemberg  et  de  la  Baviere,  au  nord  du  Danube^  6. 
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Annales  des  Sciences  Naturelles.     Zoologie.     "Vol.  ii.  {continued). 
L.  Dufour. — Sur  I'Aliimine  liydratee  silicifere  on  Lenzinite  des  envi- 

rons de  Saint- Sever^  21. 
C.  P.  OUivier. — Snr  nn  noiiyeau  gissement  du  Bilnme  elastique,  149. 
A.  Bone. — Memoirs  geolcgiqiie  snr  les  Terrains  anciens  et  secondaires 

dn  sud-onest  de  I'Allemagne^  an  nord  du  Danube,  173. 
  .     Memoire  geologique  sur  le  sud-ouest  de  la  France  suivi  de 

quelques  observations  comparatives  sur  le  nord  du  meme  royaume, 
et  surtout  sur  les  bords  du  E,liin,  387. 

Cuvier. — Sur  des  os  de  Seclie  fossiles,  486  (plate). 

  .      .     Yol.  iii.     1824.. 

E.  Mitsclierlicli. — Sur  la  m^tbode  de  calculer  les  angles  des  Cristaux 
et  le  rapport  de  position  de  leur  faces,  149  (plate). 

J.  J.  N.  Huot. — Sur  le  banc  de  Grignon,  sur  le  Calcaire  renfermant 
des  restes  de  vegetaux,  et  sur  les  couclies  superieures  de  cette 
localite,  5. 

  .     Note  Gdologique  sur  le  pretendu  FossUe  Humain  trouve  pres 
de  Moret  (Seine  et  Marne),  138. 

A.  Boue. — Memoire  Geologique  sur  le  sud-est  de  la  France,  suivi  de 
quelques  observations  comparatives  sur  le  nord  du  meme  royaume, 
et  surtout  sur  les  bords  du  Bhin,  55,  299, 

A.  Brongniart. — Sur  un  Memoire  de  M.  Bonnard,  intitule  '^Notice 
geologique  sur  quelques  parties  de  la  Bourgogne,"  456  (plate). 

0.  Prevost. — Sur  une  Ichtliyolitlie  des  rocbers  des  Vacbes-Noires, 
243. 

V.  Jacquemont. — Sur  le  gissement  du  Gypse  de  la  cote  orientale  du 
Groenland,  170. 

.   .       .     Vol.  iv.     1825. 

M.  de  Rivero. — Analyse  de  I'eau  du  Bio-Vmagre  dans  les  andes  de 
Popayan,  66. 

A.  de  Humboldt. — Sur  quelques  plienomenes  que  presentent  le  soufre, 

I'bydrogene  sulfure  et  I'eftu  dans  les  volcans,  66. 
  .     De  quelques  plienomenes  pliysiques  et  geologiques  qu'ofFrent 

les  Cordillieres  des  Andes  de  Quito  et  la  partie  occidentale  de 

I'Himalaya,  225. 
L.  von  Bucb. — Note  sur  I'ile  de  Madere,  14. 
A.  Boue. — Memoire  geologique  sur  le  sud-ouest  de  la  France  et  par- 

ticLilierement  sur  une  Oolite  a  fougeres  de  Maniers  dans  le  depai'te- 
ment  de  la  Sarthe,  353. 

C.  Prevost. — Sur  les  Scbistes  calcaires  Oolitiques  de  Stonesfield  en 
Angleterre,  dans  lesquels  ont  ete  trouves  plusieurs  ossemens  fossiles 
de  Mammiferes,  389  (plate). 

W.  Webster. — Sur  la  constitution  geologique  des  environs  de  Boston, 
253. 

De  Basterot. — Memoire  geologique  sm'  les  environs  de  Bordeaux. 
■V^  partie  comprenant  les  observations  generales  sur  les  moUusques 

fossiles,  et  la  description  particuliere  de  ceux  qu'on  rencontre  dans 
ce  bassin,  492, 

Ad.  Brongniart. — Sur  les  yegetaux  fossiles  renfermes  dans  les  Gres 
de  Hoer  en  Scanie,  200  (plate). 

  ,     Sur  les  vegetaux  fossiles  de  I'Oolite  a  Fougeres,  de  Mamers, 
416  (plate). 
  .     Sur  les  vegetaux  fossiles  du  terrain  houiller,  et  sur  leurs  rap- 

ports avec  les  vegetaux  vivans,  23  (plate). 
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Annales  des  Sciences  Naturelles.     Zoologie.     Vol.  v.     1825. 

Berzelius. — Des  diangemens  dans  le  systeme  de  Mineralogie  Chi- 
miqiie;  qui  doivent  necessairement  resulter  de  la  propriete  que  pos- 
sedent  les  corps  isomorplies,  de  se  remplacer  niutuellement  en 
proportions  indefinies,  235. 

Bonnard. — Sur  une  nouvelle  Chaux  pliospliatee  terreuse,  319. 
Vauquelin. — Examen  d'une  nouvelle  yariete  de  Wolfram  ou  Scheelin 

ferrugine,  110. 

  .  Note  sur  I'analyse  d'un  echantillon  de  Phosphate  de  Manga- 
nese et  de  fer,  112. 

De  Humboldt. — Sur  le  Platine  de  Sibdrie,  111. 
  .     Sur  la  presence  du  Selenium  dans  divers  Mineraux,  324. 
C.  P.  OUivier. — Sur  un  Sable  oxidule  Titanifere  des  bords  de  La 

Loire,  329. 

Marcel  de  Serres. — Sur  des  cavernes  de  Calcaire  grossier  a  ossemens, 
decouvertes  dans  les  environs  de  Lunel-Vieil,  pres  de  Montpellier 
(Herault),  330. 

D'Orbigny. — Notice  sur  les  bees  de  Cephalopodes  fossiles,  211  (plate). 
  .  Sur  deux  especes  du  genre  Pterocere,  observees  dans  le  Cal- 

caire Jurassique  du  departement  de  la  Charente-Inferieure,  188 
(plate). 

G.  P.  Deshayes. — Sur  les  genres  Hippurite  et  RadioUte,  205. 

r.  Soret. — Catalogue  raisonne  des  varietes  d'Ampliibole  et  de  Vjxo- 
xene,  provenant  du  Wolfsberg,  pres  Czerlocliin  Boheme,  387. 

A.  Crichton. — Sur  le  climat  du  nionde  antediluvien,  sur  son  indepen- 
dance  de  I'influence  solaire,  et  sur  la  formation  du  Granite,  391. 

Alex.  Brongniart. — Observations  sur  diverses  especes  Minerales,  430. 
L.  P.  Walmstedt. — Examen  chimique  du  Peridot,  461. 
Basoche. — Sur  quelques  Fossiles  du  terrain  intermediaire  des  environs 

de  Falaise^  473. 

  .       .     Yol.  vi.     1825. 

G.  A.  Mantell. — Sur  I'lguanodon,  reptile  fossile  nouvellement  decou- 
vert  dans  le  gres  de  la  foret  de  Tilgate,  Sussex,  124  (plate). 

Marcel  de  Serres. — Sur  une  Caverne  a  ossemens  fossiles,  518. 
Stromeyer  et  Haussman. — Analyse  du  Seleniure  de  Plomb  natif, 

103. 

Delafosse. — Sur  la  methode  generale  du  Rev.  W.  Whewell  pour  cal- 
culer  les  angles  des  cristaux,  121. 

Woliler. — Sm^  I'analyse  du  plomb  phosphate  et  du  plomb  arseniate, 
et  sur  la  presence  du  Chlore  dans  ces  mineraux,  240. 

Vauquelin. — Nouvelle  analyse  de  la  Dioptase,  355. 
Dubuisson. — Sur  les  depots  de  Gres  et  de  Poudingues,  488. 

Anon. — Note  sur  la  presence  de  I'lode  dans  un  certain  nombre  d'Eaux 
minerales,  508. 

Vauquelin. — ^Note  sur  la  Decouverte  d'un  lodure  d'argent  natif,  510. 
Anon. — Note  sur  le  Carbonate  de  sonde  natif,  511. 

-.   .     Yol.  vii.     1826. 

Dufresnoy  et  Elie  de  Beaumont. — Sur  la  Constitution  geognostique 
et  les  gites  metaUiferes  du  Cornouailles  et  du  Devonshire,  195 

(plate). 
Bertrand-Geslin. — Note  sur  la  Caverne  d'Adelsberg,  en  Carniole,  458. 
Laugier. — Analyse  de  deux  Pierres  magnesiennes  provenant  des  mon- 

tagnes  d'OUioules  en  Provence  et  de  Cette  en  Languedoc,  243, 
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Annales  des  Sciences  Naturelles.     Zoologie.     Yol.  viii.     1826. 

H.  Ferrand. — Itineraire  geognostique  de  Fontainebleau  a  Cliateau- 
Landou^  54  (2  plates). 

Herault. — Sur  le  terrain  d'Alengon  et  de  ses  enyirons,  101. 
Brard. — Sur  la  pretendue  Mine  d'etain  de  Segur,  111. 
Alex.  Brongniart. — De  TArlvose.     Caracteres  mineralogiques  et  g^o- 

logiqiies  de  cette  roclie,  113  (plate). 
De  Rasoimiowsky. — Sur  les  Trilobites  et  leurs  Gisements,  186  (plate). 
S.  de  Bustamente. — Memoire  sur  de  nouvelles  Tarietes  de  Chaux  car- 

bonatee  et  d' Argent  sulfure  du  Mexique^  205  (plate). 
Gaillardot. — Sur  quelques  Fossiles  du  gres  bigarre^  286  (plate). 

AUuand. — Notice  sur  I'Heterosite,  I'Hureaulite  (fer  et  manganese 
pliospbates),  et  sur  quelqnes   Mineraux   du  departement  de  la 
Haute- Vienne,  334. 

Alex.  Brongniart. — Sur  la  BustamitS;  bisilicate  de  manganese  et  de 
cbaux  du  Mexique,  411. 

J.  Part. — ^Description  du  Squelette  du  Daim  fossile  d'Irlande  {Cerviis 
onegaceros),  389  (plate). 

  .       .     Yol.  ix.     1826. 

Marcel  de  Serres. — Sur  la  Presence  de  deux  genres  de  Pacbydermes, 
Cliceropotame  et  Palceotlierium,  dans  les  breches  de  Sete  (Herault) 
et  de  Villefrancbe-Lauraguais  (Haute-Garonne),  191. 

Bertrand-Geslin. — Sur  la  Cayerne  a  Ossemens  de  Banwell^  196  (plate). 
Marcel  de  Serres. — Note  sur  les  Cavernes  a  Ossemens  et  les  Breches 

osseuses  du  midi  de  la  France,  200  (plate). 

Anon. — Sur  la  presence  de  lAnatase  dans  les  mines  de  diamant  du 
Bresil,  223. 

Studer. — Materiaux  pour  servir  a  une  Monograpbie  de  la  Molasse,  ou 

Recliercbes  geognostiques  sur  les  Bodies  et  les  Corps  fossiles  qu'on 
trouye  eutre  les  Alpes  et  le  Jura,  252. 

Cuyier. — Ossemens  fossiles  du  Puy-de-D6me,  273. 

Dubreuil  et  Marcel  de  Serres. — Note  sur  un  Calcaire  d'eau  douce, 
renfermant  des  debris  de  tortues  de  terre,  394. 

  .       .     Yol.  X.     1827. 

Marcel  de  Serres,  Dubreuil,  et  De  Cbristol. — Note  sur  un  Femur  de 
Mastodone  a  dents  etroites  (Mastodon  angustidens)  decouyert  dar.s 

les  terrains  marins  superiein^s  des  enyirons  de  Montpellier,  216. 
L.  yon  Buch. — Sur  quelques  Plienonienes  geognostiques  que  presente 

la  position  relatiye  du  porpbjTe  et  des  calcaires  dans  les  enyirons 
du  lac  de  Lugano,  195. 

"\Y.  Buckland. — Relation  d'une  decouverte  recente  d'os  fossiles  faito 
dans  la  partie  orientale  de  la  France,  306  (plate). 

N.  Menge. — Sur  les  Mines  d'or  et  de  Platine  des  monts  Ourals,  386. 
E.  de  Beaumont. — Sur  la  constitution  geologique  des  lies  Baleares, 

423  (plate). 

  .       .     Yol.  xi.     1827. 

B.  Studer. — Remarques  geognostiques  sur  quelques  Pai*ties  de  la 
cbaine  septentrionale  des  Alpes,  5. 

  .     Anal3^se  de  quelques  Dolomies,  112. 

A.  Fargeau. — Sur  la  grotte  d'Osselles,  236. 
B.  Studer. — Notice  geognostique  sur  quelques  Parties  de  la  chaine 

du  Stockliorn,  et  sur  la  Houille  du  Simmentbal,  249  (plate)  j  sur 
les  Coquilles  fossiles  qui  se  trouyent  dans  les  terrains  decrits,  266. 

Alex.  Brongniart. — Sur  les  epoques  geognostiques  qu'elles  indiquent, 
et  sur  la  montagne  de  Diablerets,  266. 
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Annales  des  Sciences  Natnrelles.     Zoologie.     Yol.  xi.  (continued). 

Broimner. — Analyse  de  la  Houille  de  Boltigen^  280. 
Marcel  de  Serres. — Sur  la  serie  des  terrains  tertiaires  du  midi  de  la 

France,  325. 

  .     Sur  les  Terrains  d'ean  douce  decouverts  recemnient  dans  les 
environs  de  SetC;  393. 

  .       .     Yol.  xii.     1827. 

Tournal. — Sur  deux  cayernes  a  ossemens  d^couvertes  a  Bize,  dans  les 
environs  de  Narbonne,  78. 

Teissier. — Sur  un  Terrain  renfermant  de  nombreux  debris  de  MoUus- 
ques  et  de  reptiles  a  Brigiion,  197. 

Alex.  Brongniart. — Sur  le  memoire  precedent,  207. 
De  Bonnard. — Sin*  la  Constance  des  faits  geognostiques  qui  accom- 

pagnent  le  terrain  d'arkose  dans  Test  de  la  France^  298. 

-.   .     Yol.  xiii.     1828. 

Marcel  de  Serres. — Sur  un  femur  de  Mastodonte  a  dents  ̂ troites 

(Mastodon  angustidens)  decouvert  dans  les  sables  niarins  qui  com- 
posent  I'etage  le  plus  eleve  des  terrains  niarins  superieurs  des  envi- 

rons de  Pei-pignan,  73. 
W.  Bucldand. — Note  sur  des  traces  de  Tortues  observ6es  dans  le  gres 

rouge,  85. 
Dujardin. — Sur  la  constitution  geognostique  de  la  Touraine,  122. 
J.  de  Cliristol  et  xV.  Bravard. — Sur  quelques  especes  nouvelles 

d'Hyenes  fossiles  decouvertes  dans  la  caverne  de  Lunel-Viel  pres 
Montpellier,  141. 

Alex.  Brongniart. — Sur  la  presence  de  la  Websterite  dans  I'argile 
plastique  d'Auteuil  pres  Paris,  225. 

Desbayes. — Sur  le  Stropbostome,  nouveau  genre  de  coquilles  fossiles 
de  la  famille  des  Helices,  282  (plate) . 

Ad.  Brongniart. — Sur  la  presence  du  Pecoptcris  reticidata  dans  les 
memes  coucbes  en  Angleterre  et  en  France,  335. 

Dufresnoy. — Sur  I'existence  du  gypse  et  de  divers  minerals  metal- 
liferes  dans  la  partie  superieure  du  lias  du  Sud-Ouest  de  la  France, 
394  (plate). 

C.  de  Montbret. — Sur  quelques  montagnes  du  Haut-Perou,  420. 
Dufresnoy. — Sur  la  Glauberite  de  la  mine  de  sel  de  Yic,  444. 

-.       .     Yol.  xiv.     1828. 

Alex.  Brongniart. — Notice  sur  les  blocs  de  roclier  des  terrains  de 
transport  de  Suede,  5  (map). 

J.  Teissier. — Sur  les  terrains  d'Arkose,  des  environs  dAnduze,  dans 
le  departement  du  Gard,  63. 

Dufr(lnoy. — Sur  la  Couzeranite,  72. 

H.  Duncan. — Sur  les  traces  de  pieds  d'animaux  imprimes  dans  le 
gres  de  la  carriere  de  Corncokle-Muir,  Dumfries,  103. 

E.  de  Beaumont. — Sur  un  gisement  de  vegetaux  fossiles  et  de  Belem- 
nites,  situe  a  Petit-Cceur,  113. 

Ad.  Brongniart. — Sur  les  vegetaux  fossiles  des  terrains  d'antliracite 
des  Alpes,  127. 

E.  de  Beaumont. — Memoire  sur  les  difFerentes  formations  qui,  dans 
le  systeme  des  Yosges,  separent  la  formation  bouilliere  du  lias,  258. 

W.  Buckland. — Sur  une  collection  de  fossiles,  vegetaux  et  animaux, 
et  de  rocbes  du  pays  des  Birmans,  283. 
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Olift. — Sur  les  restes  fossiles  de  deux  especes  noiivelles  de  Mastcdonte 

et  d'autres  animaiix  vertebres,   trouves   sur  la  rive   gauche  de 
rirawadi,  288. 

Bertrand-Geslin. — Sur  le  terrain  de  transport  a  ossemens  du  Val 

d'Arno  Superieur,  Toscane^  363. 
A.  del  Rio. — Notice  sur  deux   nouveaux  mineraux  decouverts  a 

Culebras,  au  Mexique^  371.. 

W.  J.  Broderip. — Sur  le  maclioire  d'un  Mamniifere  trouvee  dans  le 
scliiste  de  Stonesfield,  374  (plate). 

W.  H.  Fitton. — Sur  les  couclies  des  carrieres  de  StoDesfield,  qui  ren- 
ferment  les  ossemens  de  niammiferes^  378. 

Alex.  Brongniart. — Sur  les  breclies  osseuses  et  les  minerals  de  fer 
pisiforme  de  meme  position  geographique^  410  (2  plates). 

  .       .     Yol.  xY.     1828. 

Tournal. — Sur  la  constitution  geognostique  du  bassin  et  des  environs 
de  Narbonne,  19. 

Ad.  Brongniart. — Sur  les  plantes  fossiles  d'Armissan,  43  (plate). 
Goldfuss. — Sur  la  place  qu'occupent  les  trilobites  dans  le  regne  animal^ 

83  (plate). 
Jgeger. — Sur  les  plantes  fossiles  du  gres  de  construction  de  Stuttgart, 92. 

Marcel  de  Serres. — Sur  les  Aracbnides  et  les  Insectes  fossiles,  98. 
Cuvier. — Sur   un    ouvrage   de   MM.   Croiset   et   Jobert,   intitule — 

"  Recherclies  sur  les  Ossemens  fossiles  du  Puj-de-D6nie/'  218. 
Ad.  Brongniart. — Considerations  generales  sur  la  nature  de  la  Yege- 

tation  qui  couvrait  la  surface  de  la  terre  aux  diverses  periodes  de 
la  formation  de  son  ecorce,  225. 

Tournal. — Sur  la  caverne  de  Bize  pres  Narbonne,  248. 
Gr.  P.  Deshayes. — Sur  la  famille  des  Budistes,  258. 
E.  de  Beaumont. — Sur  un  gisement  de  vegetaux  fossiles  et  de  gra- 

phite, situe  au  col  du  Chardonet,  353  (plate). 

A.  Leufroy. — Sur  une  nouvelle  espece  d'Helice  fossile,  405. 
  .     Sur  une  nouvelle  espece  de  coquille  fossile  du  genre  Ferussine 

(Grateloup),  Stropliostome  (Deshayes),  401  (plate). 
Dubuisson. — Sur  le  seleniure  de  cuivre  trouve  en  Amerique  dans  les 

mines,  dites  d'argent,  de  Santa-Bosa,  a  quatre  lieues  d'Iguique,  408. 
F.  Dujardin. — Sur  les  terrains  tertiaires  de  la  Touraine,  412. 

De  Laizer. — Sur  I'existence  d'ossemens  fossiles  dans  le  tuf  ou  pepe- 
rino  d'Auvergne,  415. 

  .     Sur  le  dusodile  decouvert  en  Auvergne,  420. 
G.  P.  Deshayes. — Sur  le  genre  Podopside,  427. 

Ad.  Brongniart. — Essai  d'une  Flore  du  gres  bigarre,  435  (5  plates). 
  .       .     Yol.  xvi.     1829. 

Rang. — Description  de  cinq  especes  de  coquilles  fossiles  appartenant 
a  la  classe  des  Pteropodes,  492  (plate). 

Alex.  Brongniart. — Observations  additionelles   a  la  notice  sur  les 
minerals  de  fer  pisiforme  de  position  analogue  a  celle  des  breches 
osseuses,  89. 

Necker-Saussure. — Sur  les  breclies  en  meme  temps  osseuses  et  ferru- 
gineuses  des  mines  de  fer  de  la  Carniole,  91. 

F.  Dujardin. — Sur  les  Poudingues  qui  surmontent  la  craie  grossiere  . 
en  Touraine,  112. 

Rozet. — Memoire  geognostique  sur  une  partie  des  environs  d'Aix, 
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H.  de  Villeneiive. — Sur  les  terrains  liouillers  et  siir  les  calcaires  qui 
leiir  sent  inferieurs  en  Belgique,  162. 

J.  Desuoyers. — Sur  un  ensemble  de  depots  marins  plus  recens  que  les 
terrains  tertiaires  dii  bassin  de  la  Seine^  et  constituant  une  for- 

mation distincte,  171,  402, 
Marcel  de  Serres. — Sur  les  circonstances  qni  paraissent  avoir  accom- 

pagne  le  depot  des  terrains  tertiaires,  145. 
.  Be  Bonnard. — Sur  les  gites  de  manganese  de  Romaneclie,  285. 

Yol.  xvii.     1829. 

P.  Roux. — Description  d'une  nouvelle  espece  de  crustace  fossile^  84 
(plate). 

Croizet  et  Jobert. — Sur  une  macboire  d'AntracotJierium  troiivee  dans 
les  gres  tertiaires  de  la  Limagne,  139  (plate). 

L.  von  Bucli. — Sur  les  Ammonites,  267  (plate). 
E.  P.  Boblaye. — Sur  la  formation  Jm-assique  dans  le  nord  de  la 

France,  35. 

Jobert. — Sur  quelques  points  de  la  Geologic  de  I'Auvergne,  89. 
Cassas. — Sur  le  tremblement  de  terre  des  environs  d' Alicante,  105. 
Dufrenoy. — Des   Formations   jurassiqiies   dans   le   sud-ouest   de  la 

France,  192  (plate). 

E.  de  Beaumont. — Note  sm'  I'lmiformite  qui  regne  dans  la  consti- 
tution de  la  ceintm'e  jurassiqne  du  grand  bassin  geologique  qui 

comprend  Londres  et  Paris,  254. 

Marcel  de  Serres  et  Farines. — Sur  la  caverne  a  ossemens  d'Argou,  276. 
H.  T.  De  la  Beclie. — Note  sur  les  difierences  soit  primitives,  soit  pos- 

terieures  au  derangement  des  couches,  qu'on  pent  observer  dans  les 
roches  stratifiees,  particulierement  dans  celles  qui  sont  superieures 
ail  gres  rouge,  426. 

Van  Breda  et  Van  Hees. — Sur  des  dents  de  Ruminans,  de  Pacby- 
dermes  et  de  Carnassiers,  trouvees  dans  la  formation  crayeuse  de 
la  montagne  de  Sainte-Pierre  de  Maestricbt,  446. 

Tournal,  fils. — Description  d'lm  depot  mixte  de  gypse  fibreux  secon- 
daire  et  de  rocbes  pyrogenes,  457. 

-.       .     Vol.  xviii.     1829. 

L.  von  Bucb. — Sur  la  distribution  des  Ammonites  en  families,  417 

(plate). 
E.  de  Beaumont. — Recbercbes  sur  quelques-imes  des  revolutions  de 

la  surface  du  globe,  presentant  difFerens  exemples  de  coincidence 
entre  le  redressement  des  coucbes  de  certains  systemes  de  mon- 
tagnes,  et  les  cbangemens  soudains  qui  ont  produit  les  lignes  de 

demarcation  qu'on  observe  entre  certains  etages  consecutifs  des 
terrains  de  sediment,  5,  284  (3  plates). 

Rasoumovski. — Des  gros  blocs  de  rocbes  que  I'on  troiive  epars  on 
accumules  sur  des  terrains  de  natiu'es  tres-diverses,  133. 

C.  Lyell  et  R.  I.  Murchison. — Sur  les  depots  lacustres  tertiaires  du 
Cantal,  et  leiirs  rapports  avec  les  rocbes  primordiales  et  volca- 
niques,  172  (2  plates). 

Jobert. — Sur  la  division  des  terrains  en  un  grand  nombre  de  couches 
de  dilFerente  nature,  225  (plate). 

Tournal. — Considerations  tbeoriques  sur  les  cavernes  a  ossemens  de 
Bize,  pres  Narbonne  (Aiide),  et  sur  les  ossemens  humains  confon- 

dus  avec  des  restes  d'animaux  appartenant  a  des  especes  perdues,. 
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L.  von  Bucli. — Carte  geologique  clii  terrain  entre  le  lac  d'Orta  et 
cekii  de  Lugano,  268  (plate). 

E.  de  Beaumont. — Sur  la  forme  la  plus  ordinaire  des  objections  rela- 
tives a  I'origine  attribuee  a  la  Dolomie^  269. 

Naudot. — Sur  les  os  fossiles  de  Palceotheriiim,  de  LopKodon  et  de 
Crocodiles,  decouverts  a  ProvinS;  dans  un  banc  regulier  de  calcaire 
lacustre^  426  (2  plates). 

A.  G.  Kupfer. — ^Essai  d'un  tableau  geognostique  de  I'Oiiral^  441. 
— .       .     Yol.  xix.     1830. 

E.  de  Beaumont. — Sur  quelques-unes  des  revolutions  de  la  surface 
du  globe,  &c.,  5,  177  (2  plates). 

Rozet. — Notice  geognostique  sur  quelques  parties  du  departement 
des  Ardennes  et  de  la  Belgique,  113  (plate). 

Alex.  Brongniart. — Sur  deux  memoires  de  M.  Virlet^  relatifs  a  la 
Geologic  de  la  Messenie,  et  notamment  a  celle  des  environs  de 
Modon  et  de  Navarin,  259. 

E.  de  Beaumont. — Sur  les  formes  et  les  relations  des  Yolcans,  d'apres 
M.  Leopold  von  Bucb,  et  particulierement  d'apres  sa  description 
physique  des  iles  Canaries,  S90  (2  plates). 

De  Gasparin. — Sur  la  formation  d'un  lac  dans  le  departement  de  la 
Drome^  424. 

  .       .     Yol.  XX.     1830. 

Caucliy,  Sauveur,  et  d'Omalius  d'Halloy. — Sur  les  memoires  pre- 
sentes  en  reponse  a  la  question  relative  a  la  constitution  geologique 
de  la  province  de  Liege,  62. 

Marcel  de  Serres. — Sur  les  rapports  qui  semblent  exister  entre  la 
disposition  generale  des  anciens  bassins  niarins  littoraux,  et  la 
nature  des  depots  tertiaires  que  Ton  y  observe,  65. 

J.  D.  Godmann. — Description  d'un  nouveau  genre  de  quadrupedes 
mammiferes  fossiles,  292  (plate). 

Ad.  Brongniart. — Sur  la  composition  de  I'atmosphere  a  diverses 
epoques  de  la  formation  de  la  terre^  427. 

-.   .     Yol.  xxi.     1830. 

P.  Savi. — Sm'  la  breclie  de  wake  et  de  calcaire  appelee  ̂ ^Miscbio  di 
Serravezza,"  68. 

E,  de  Beaumont. — Sur  la  direction  et  I'age  relatif  des  montagnes  ser- 
pentineuses  de  la  Ligurie,  413. 

-.   .     Yol.  xxii.     1831. 

E.  de  Beaumont. — Sur  les  rapports  qui  existent  entre  le  relief  du  foI 

de  Tile  de  Ceylan  et  celui  de  certaines  masses  de  montagnes  qu'on 
apercoit  sur  la  surface  de  la  Lune,  88  (plate). 

  .     Sur  les  observations  faites  par  M.  Bozet  dans  les  montagnes 

du  nord  de  I'Afrique,  110. 
Boblaye. — Sur  la  constitution  geologique  de  la  Moree,  113  (plate). 
E.  de  Beaumont. — Sur  un  travail  de  M.  Conybeare,  intitule  ''Exanien 

de  ceux  des  pbenomenes  geologiques  qui  touclient  de  plus  pres  aux 

specidations  tbeoriques/'  173. 
KupfFer. — Observations  geognostiques  faites  pendant  un  voyage  dans 

les  environs  du  mont  Elbronz,  dans  le  Caucase,  239. 

Bozet. — Notice  geologique  sur  les  environs  d'Alger,  318. 
Alex.  Brongniart. — Sur  un  memoire  de  M.  Dufrenoy,  ayant  pour  titre 

"Des  caracteres  particuliers  que  presente  le  terrain  de  craie  dans 
le  sud  de  la  France  et  sur  les  peutes  des  Pyrenees,"  436  (plate). 
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Alex.  Brongniart. — Sur  les  orbiciiles  siliceux  et  sur  les  formes  a  sur- 
faces courbes  qu'affectent  les  agates  et  les  autres  silex,  166. 

  .       .     Vol.  xxiv.     1831. 

C.  Prevost. — Sur  le  nouvel  ilot  volcanique  de  la  mer  de  Sicile,  103. 

Cuvier. — Sur  un  travail  de  M.  Desliayes  ayant  pour  titre  "  Tableaux 
comparatifs  des  coquilles  vivantes  avec  les  fossiles  des  terraius  ter- 

tiaires  de  I'Europe/'  176. 
Dufrenoy. — Sur  la  position  geologique  du  calcaire  de  la  Brie,  et  en 

particulier  sur  celui  des  environs  de  Cliampigny,  240. 
Reboul. — Sur  la  structure  des  Pyrenees,  253. 
Roulin. — Sur  une  Emeraude  gigantesque,  260. 

Cuvier. — Analyse  des  travaux  de  1' Academic  des  Sciences, — Minera- 
logie  et  gt^ologie,  184. 

Beudant. — Sur  I'Histoire  des  Vegetaux  fossiles  publiee  par  M.  Adolplie 
Brongniart,  435. 

  .       .     Yol.  XXV.     1832. 

Dufrenoy. — Sur  les  diverses  epoques  de  soulevement  de  la  cbaine  des 
Pn-enees,  88. 

T.  Christie. — Sur  certains  depots  recens  de  la  Sicile  et  sur  les  pheno- 
menes  relatifs  a  leur  elevation,  164  (2  plates), 

Pentlaud, — Note  contenant  la  determination  des  ossemens  fossiles  des 
cavernes  voisines  de  Palermo,  208, 

Rozet. — Note  sur  la  geologic  des  environs  d' Alger,  214, 
E,  de  Beaumont. — Fragmens  geologiques  tires  de  Stenon,  de  Strabon 

et  du  Boun-Deliescli,  337. 

  .       .     Yol.  xxvi.'    1832. 
G.  Rose, — Reunion  du  Pyroxene  et  de  I'Ampbibole  en  une  soule 

espece  min6rale,  90, 
E.  de  Beaumont, — Eragmens  geologiques  tires  de  Stenon,  de  Kazwini 

et  du  Boun-Debescb,  365. 
Lesauvage. — Sur  le   genre   de  Polypier  fossile,    Thamnasterie,  328 

(plate). 
-.       .     Yol.  xxvii.     1832. 

Dufrenoy, — De  la  relation  des  Opliites,  des  G^'pses  et  des  sources 

salees  des  Pvrenees,  et  I'epoque  a  laquelle  remonte  leur  apparition, 170. 

Cliaudruc  de  Crozannes, — Sur  un  memoire  par  M.  Girard  relatif  a  des 

depots  d'Huitres  dans  le  departement  de  la  Cliarente-Inferieure, 333, 

J,  Dumas. — Sur  un  memoire  de  M,  H.  Gaultier  de  Claubry,  sur  les 
calcaires  nitrifiables  des  environs  de  Paris,  448. 

-.       .     Yol.  xxviii.     1833. 

Dufrenoy. — Sur  la  position  geologique  du  marbre  Campan,  181. 
H,  de  Tliury, — Sur  les  cavernes  calcaires  de  Cusy,  dans  les  Beauges, 

et  sur  les  sables  auriferes  et  gemmiferes  du  Clieran,  en  Savoie,  344. 
A.  Brongniart. — Sur  les  travaux  geologiques  de  M.  C.  Gay,  394. 

-.       .     Yol.  xxix.     1833. 

L.  von  Bucb. — Sur  les  Ammonites  et  leur  distribution  en  families ; 
sur  les  especes  qui  appartiennent  aux  terrains  les  plus  ancienS;  et 

siu*  les  Goniatites  en  particulier,  5,  43  (6  plates). 
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Ad.  Brongniart. — Sur  un  Oonifere  fossile  du  terrain  d'eau  douce  de 
rile  d'lleodroma,  168. 

Dufrenoy. — Sur  le  gisement  de  la  mine  de  fer  de  Kancee  et  sur  le 
terrain  dans  lequel  elle  est  enclavee,  59. 

Virlet. — Notes  geologiques  sur  les  iles  du  nord  de  la  Grece,  et  en 

particulier  sur  un  terrain  de  calcaire  d'eau  douce  a  lignites,  160. 

  .     Eevue  Bibliographiqiie.     1829-31. 

Annales  des  Sciences  Naturelles.    Zoologie.    2^  Serie.    Yol.  i.    1834. 

Cuvier's  ̂   Reclierclies  sur  les  osseniens  fossiles,'  noticed,  255, 
Alex.  Brongniart  et  F.  Cuvier. — Sur  un  memoire  de  M.  Christol, 

ayant  pour  objet  de  ramener  au  genre  Dugong  les  debris  fossiles 
que  M.  Gr.  Cuyier  avait  rapprocbes  des  Hippopotames,  282. 

  .       .       .     Yol.  ii.     1834. 

G.  A.  Mantell. — Sur  la  decouverte  des  ossemens  fossiles  de  Vlgua- 
nodon,  dans  la  formation  de  Glauconie  sableuse  (Lower  Greensand), 
63. 

G.  de  Munster. — Sur  les  Clymhies  et  les  Goniatites  du  calcaire  de 
transition  du  Ficbtelgebirge,  65  (6  plates). 

_.       .       .     Yol.  iii.     1835. 

Gaillardot. — Sur  les  fossiles  du  calcaire  concliylien  de  la  Loraine, 
extraites  d'une  lettre  adresse  aux  redacteurs,  46. 

L.  von  Bucb. — Sm^  les  Huitres,  les  Grypbees,  et  les  Exogyres,  296. 

-.       .       .     Yol.  iv.     1835. 

De  Cbristol. — Sur  les  caracteres  des  grandes  especes  de  Rbinoceros 
fossiles,  44  (2  plates). 

De  Humboldt. — Sur  des  empreintes  de  pieds  d'un  quadrupede  dans  la 
formation  de  gres  bigarre  de  Hildbm^gbausen  en  AUemagne,  135 

(plate). 
Link. — Sur  des  traces  de  pattes  d'animaux  inconnus  contre-epreuv^es 

dans  le  gres,  pres  de  Hildburgbausen,  139. 
De  Cbristol. — Comparaison  de  la  population  contemporaine  des  Mam- 

miferes  de  deux  bassins  tertiaires  du  departement  de  I'Herault,  193 
(2  plates). 

-.       .       .     Vol.  V.     1833. 

Blainville. — Sur  le  empreintes  trouvees  dans  gTes  bigarre,  317. 
Deshayes. — Sm-   la  temperature  des   periodes  tertiaires  en  Europe 

d'apres  la  distribution  des  coquilles  fossiles,  289. 
Falconer  et  Cautley. — Sur  le  Siuatherimn  giganteum,  nouveau  genre 

de  Ruminant  fossile,  348  (plate). 

Hitcbcock. — Sur  des  empreintes  de  pieds  d'oiseaux  dans  le  gres  rouge 
de  Massacbusets,  154,  206. 

Flourens. — Sur  une  tete  d'ours  fossile,  224. 

_.       ..       .      Yol.vi.     1836. 

Desbayes. — Sur  les  "  Observations  generales  sur  le  genre  Belemnite^'' par  M.  de  Blainville,  354. 
Milne-Edwards. — Sur  un  nouveau  genre  de  Polvpiers  fossiles  nomme 

Melicerite,  345. 
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Dujardin. — Sur  les  Polypiers  fossiles  de  la  Craie,  319. 
Alex.  Brongniart. — Sur  rexisteiice  de  fossiles  microscopiques  dans  les 

roclies  en  apparence  homogenes,  56. 

D'Orbigny. — Sur  des  ossemens  fossiles  decouverts  dans  une  assise 
nouvelle  de  I'argile  plastique  du  bassin  de  Paris^  126. 

Ehrenberg. — Sur  I'existence  d'Infusoires  fossiles  et  sur  leur  profusion 
dans  la  nature,  231  (plate). 

Kaup. — Sur  le  Dinotheriiim,  124. 

Duvernoy. — Sur  quelques  fossiles  de  1' Alsace  et  du  Jura,  252. 
De  Blainville. — Sur  une  tete  de  cliameau  fossile  trouvee  dans  le  gres 

du  Sous-Hymalaia,  317. 
Milne-Edwards. — Sur  les  Polypiers  fossiles  du  genre  Eschare,  321 

(4  plates). 

  .      .       .     Vol.  Yii.    1837. 

Cautley  et  Falconer. — Sur  les  animaux  fossiles  decouverts  dans  les 
couches  superieiu-es  des  depots  tertiaires  des  montagnes  Sivalek  de 
ITIimalaya,  60. 

Baker. — Sur  le  cliameau  fossile  du  Sub-Himalaya,  62. 
Lartet. — Sur  les  ossemens  fossiles  des  terrains  tertiaires  de  Simorre, 

de  Sansan,  &c.,  dans  le  departement  du  Gers,  et  sm'  la  decouverts 
recente  d'lme  maclioire  de  singe  fossile,  116. 
  .    Sur  les  ossemens  fossiles  trouves  dans  le  departement  du  GerS; 

122. 

De  Blainville. — Sur  la  decouverte  de  plusieurs  ossemens  fossiles  de 

quadrumanes  dans  le  depot  tertiaire  de  Sansan,  pres  d'Auch,  232. 
H.  Milne-Edwards. — Sur  une  breclie  osseuse  situee  entre  Gran  et 

Mers-el-Kebir,  216. 

Baker  et  Durand. — Sur  la  maclioire  fossile  d'un  quadrumane  qui  se 
rapprocbe  des  genres  Semnopitheque  et  Cynocepliale,  370. 

Eudes  Deslongcliamps. — Sur  le  Poekilopleuron  JBiicTdandi,  grand  Sau- 
rien  fossile  intermediaire  entre  les  Crocodiles  et  les  Lezards,  255. 

Darwin. — Sur  la  decouverte  de  quelques  ossemens  fossiles  et  sur  leur 
profusion  dans  la  natm'e,  27. 

Turpin. — Analyse  ou  etude  microscopique  des  difFerens  corps  orga- 
nises et  autres  corps  de  nature  diverse,  qui  peuvent,  accidentelle- 

ment,  se  trouver  enveloppes  dans  la  pate  translucide  des  silex,  129. 

_.       .       .     Yol.  viii.     1837. 

.Jom^dan. — Sur  un  rongeur  fossile  d'eau  douce  du  centre  de  la  France, 
considere  comme  un  type  generique  nouveau,  le  genre  Theridomys, 

Falconer  et  Cautley. — Sur  la  decouverte  de  deux  nouvelles  especes 
de  Quadrumanes  fossiles,  255. 

Serres. — Sur  une  Argonaute  fossile,  128. 

-.      .       .     Yol.  ix.     1838. 

Owen. — Sm-  le  crane  du  Toxodon  Platinses,  grand  mammifere  perdu 
que  Ton  doit  rapporter  a  I'ordre  des  Pacbydermes,  mais  qui  oflre  en 
meme  temps  des  affinites  avec  les  Rongeurs,  les  Edentes  et  les 
Cetaces  herbivores,  25  (plate). 

Marcel  de  Serres. — Sur  les  animaux  des  terrains  tertiaires  marins 
superieurs  decouverts  dans  le  sol  immerge  des  environs  de  Mont- 
pellier,  380. 
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Annales  des  Sciences  ITaturelles.    Zoologie.  2*^  Serie.    Yol.  ix.  (con- 
tinued). 

Marcel  de  Serres.     Sur  les  cavernes  a  ossemens,  380. 
H.  oan  Meyer. — Sur  les  ossemens  fossiles  du  gres  bigarre  de  Soultz- 

les-Bains,  376. 
Milne-Edwards. — Sur  les  Crisies,  les  Horneres  et  plusieurs  autres 

Polypes  vivans  ou  fossiles,  dont  I'orgaiiisation  est  analogue  a  celle 
des  Tubulipores;  193  (6  plates). 

  .       .       .     Yol.  X.     1838. 

De  Laizer  et  De  Parieu. — Sur  un  nouveau  genre  de  Pacliyderme  fossile, 
335  (plate). 

Beyrich. — Sur  les  Goniatites  qui  se  trouyent  dans  les  teri'ains  de  tran- 
sition du  Rhin^  65  (2  plates). 

-.       .       .     Yol.  xi.     1839. 

De  Laizer.— Sur  la  maclioire  d'un  Carnassier  fossile,  nomme  Hyenodon 
leptorliyncJms,  27. 

De  Blainville. — Sur  I'anciennett^  des  Edentes  a  la  surface  de  la  terra, 113. 
Lund. — Sur  les  Mammiferes  fossiles  du  Bresil,  214. 
Necker. — Sur  la  nature  mineralogique  des  Coquilles,  52. 

~.       .   .     Yol.  xii.     1839. 

R.  Owen. — Description  d'une  dent  et  d'une  portion  de  squelette  du 
Glyptodon,  156. 

Lund. — Sur  la  Faune  fossile  du  Bresil,  205. 
Harlan. — Sur  le  Basilosaure  et  le  Batracliiosaure,  221. 
F.  Dujardin. — Sur  une  tete  fossile  ̂  Hymnodon  trouvee  au  bord  du 

TarU;  pres  de  Rabasteins,  379. 

_.       .       .     Yol.  xiii.     1840. 

Lecoq. — Notice  sur  les  travaux  de  M.  Voltz,  348. 
Lucas. — Nouvelle  espece  de  Crustace  fossile,  63. 
Lund. — Nouvelles  recberclies  sur  la  Faune  fossile  du  Bresil  310. 
Oncbakoif. — Siu*  un  Termes  fossile,  204. 
Yoltz. — Sur  le  genre  Actinocamax,  354. 

-.       .       .     Yol.  xiv.     1840. 

Marcel  de  Serres. — Description  de  quelques  fossiles  nouveaux  (genres 
Tysoa  et  Nisea)  du  midi  de  la  France,  5  (2  plates). 

-.       -.   .     Yol.  XV.     1841. 

Cliristol. — Sur  divers  ossemens  fossiles  attribu^s  par  Cuvier  a  deux 
Pboques,  &c.,  et  rapportes  au  31etaxytherium,  nouveau  genre  de 
Cetace,  307  (plate). 

-.       .       .     Yol.  xvi.     1841. 

Edwards  (H.  Milne). — Rapport  sur  un  memoire  de  M.  Duval  relatif 
aux  Bele^nnites  des  terrains  cretaces  inf(§rieurs  des  environs  de 
Castellane,  281. 

Marcel  de  Serres. — Sur  la  decouverte  d'un  squelette  entier  de  Metaxy- therium,  24. 
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Annales  des  Sciences  Naturelles.   Zoologie.   2*^  Se'rie.  Vol.  xvi.  (con- 
tinued). 

D'Orbigny  (Alcide). — Considerations  paleontologiques  et  geogTaphi- 
ques  sur  les  Cephalopodes  acetahuliferes,  17. 

  .    Considerations  zoologiQ[iies  et  geologico-geograpliiques  sur  les 
Ammooiites  du  terrain  cretace,  113. 

■   .       .       .     Yol.  xvii.     1842. 

D'Orbigny. — Considerations  zoologi(][ues  et  geologi(][ues  sur  les  JRu- 
distes,  173. 

.   .     Considerations  sur  les  Cephalopodes  des  terrains  cretac^s,  230. 
  .     Memoire  sur  deux  genres  nouveaux  de  Cephalopodes  fossiles, 

362  (2  plates). 
Escliriclit. — ^Nouvelles  remarques  sur  le  Diceras,  379. 

_.       .       .     Vol.  xviii.     1842. 

Boucliard-Cliantereaux. — Sur  le  genre  Prodiictus,  158  (plate), 

D'Orbigny. — Memoire  sur  les  Belemnites,  241. 

_.   .       .     Yol.  xix.     1843. 

D'Orbigny. — Sur  la  paleontologie  de  I'Am^rique  m^ridionale^  com- 
paree  a  la  paleontologie  Europeenne,  263. 

Owen. — Description  du  squelette  d'un  paresseux  gigantesque  fossile 
(le  3IyJodon  rohustus),  221  (plate). 

-.   .       .     Yol.  XX.     1843. 

Edwards  (Milne-). — Sur  deux  Crustaces  fossiles  de  I'ordre  des  Iso- 
podes,  326. 

Marcel  de  Serres. — Sur  les  grandes  Huitres  fossiles  des  terrains  ter- 
tiaires  des  bords  de  la  Mediterranee,  142  (2  plates). 

D'Orbigny,  A. — Sur  I'ensemble  des  Gasteropodes  des  terrains  cri5- 
taces,  26. 

-.       .     3^  Serie.     Yol.  i.     1844. 

Duvernoy. — Sur  una  maclioire  de  Girafe  fossile  decouverte  a  Issou- 
dun,  36  (plate). 

Owen. — Sur  des  ossements  fossiles  d'un  animal  gigantesque  de  la famille  des  Autruches,  188. 

Valenciennes. — Description  de  quelques  dents  fossiles  de  poissons, 
trouves  aux  environs  de  Staoueli  (Alger),  99  (plate). 

-.       .   .     Yol.  ii.     1844. 

Agassiz. — Sur  la  succession  des  poissons  fossiles  dans  la  s^rie  des  for- 
mations g^ologiques,  251. 

Marcel  de  Serres. — Sur  les  terrains  d'eau  douce  du  bassin  emerge  de 
Castelnaudary :   Coquilles,  168  (plate). 

-.       .   .     Yol.  iii.     1845. 

Agassiz.— Sur  les  poissons  fossiles  de  I'argile  de  Londres,  21. 
Cautley  et  Falconer.— Siu'  le  Colossochelys  atlas,  tortue  fossile  gigan- 

tesque decouverte  dans  I'lnde,  190. 
D'Orbigny.— Sur  les  lois  qui  president  a  la  distribution  geograpbique des  moUusques  cotiers  marins^  193, 

VOL.  XXII.-— PAET  I.  2jJ 
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Annales  des  Sciences  Naturelles.    Zoologie.   3®  Serie.  "Vol.  iy.   1845. 
Forbes. — Sur  la  distrilbution  topograpliique  des  Mollusques  marins 117. 

Marcel  de  Series. — Sur  les  fossiles  du  bassin  d'Aix,  249. 

  .       .       -.     Yol.  V.     1846. 

Gervais  (Paul). — Sur  diverges  especes  de  Mammiferes  fossiles  du  midi 

de  la  France,  248.  "        " 
— — .     Mammiferes  fossiles  de  Vaucluse;  257. 
  .     Mammiferes  fossiles  de  ITIerault,  263. 
— —  et  Marcel  de  Serres. — Mammiferes  fossiles  de  I'Herault;  266. 
Owen. — Description  de  quelques  cranes  fossiles  trouves  par  M.  Bain 

dans  une  couche  de  gres  a  I'extremite  sud-est  de  FAfrique,  et  con- 
stituant  im  nouveau  genre  de  Keptiles  (le  Dicynodon),  dans  I'ordre 
des  Sauriens;  271. 

  .       .     _   .     Yol.  vi.     1846. 

Agassiz  et  Desor. — Catalogue  raisonne  des  families,  des  genres  et  des 
especes  de  la  classe  des  Ecliinodermes,  305  (2  plates). 

  .      .       .     Yol.  vii.     1847. 

Agassiz  et  Desor. — Catalogue  raisonne  des  EcHnides,  129. 
Marcel  de  Serres  et  Figuier. — Sur  la  petrification  des  coquilles  dans 

la  Mediterraneo;  21. 

-.       .     _„_™.     Yol.  viii.     1847. 

Agassiz  et  Desor. — Catalogue  raisonn^  des  EcHnides,  5,  355. 
P.  Gervais. — Sur  les  Mammiferes  fossiles  du  midi  de  la  France,  203. 
  et  Marcel  de  Serres. — Sur  les  Mammiferes  dont  on  trouve  les 

restes  fossiles  dans  les  sables  marins  de  MontpeUier,  224. 

Alcide  D'Orbigny. — Considerations  zoologiques  et  geologiques  sur 
les  Brachiopodes^  241  (plate). 

-.       .       .     Yol.  ix.     1848. 

Milne-Edwards  et  Haime.— Sur  la  structure  et  le  developpement  desh 
polypiers  en  general,  37  (3  plates). 
  .     Monograpbie  des  Turbinolides^  211  (4  plates). 

-.   .     ~.     Yol.  X.     1848. 

Milne-Edwardset  Haime. — Monograpbie  des  Eupsammide8,65  (plate), 
  -.     Monograpbie  des  AstreideS;  224  (5  plates). 

-.       .       .     Yol.  xi.     1849. 

Milne-Edwards  et  Haime. — Monograpbie  des  Astreines,  233. 

-.       -.     — .     Yol.  xii.     1849. 

Boucbard-Cbantereaux. — Sur  un  nouveau  genre  de  Bracbiopode  (le 
Davidsonia),  84  (plate). 

Milne-Edwards  et  Haime. — Monograpbie  des  Astreides,  95, 
  ..  .  Discours  necrologique  sur  M.  de  Blainville,  375. 
Haime. — Sur  la  Milnia,  nouveau  genre  de  I'ordre  des  Ecbinides,  217 

(plate). 
Quatrefages. — Sur  la  ScoUcia  prisca,  annelide  fossile  de  lacraie,  265. 

-.   .     4:''^QiiQ.     Yol.  V.     1856. 
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Annales  des  Sciences  Natureiles.   Zoologie     4^  Se'rie.  Yol.  yi.   1856, 
Hebert. — Sur  la  faune  des  premiers  sediments  tertiaires  parisiens 

(MammifereS;  Pacliydermes;  du  gem:e  Coryphodon),  87  (2  plates). 

  .   .       .     Yol.  vii.     1857. 

Blancliard. — De  la  determination  de  quelques  oiseaux  fossiles  et  des 
caracteres  osteologiques  des  Gallides,  91  (3  plates). 

-.       .       .     Yol.  viii.     1857. 

Marcel  de  Serres. — Sm'  les  alterations  des  coq^uilles  des  mollusc[ues 
Lamellibranclies  et  Gasteropodes,  377. 

_.       .       .     Yol.  ix.     1858. 

Beaumont,  Elie  de. — Sur  un  nouveau  gisement  des  fossiles  decouvert 
dernierement  en  Angleterre,  318. 

Delbos. — Sur  les  ossements  des  cavernes  de  Sentheim  (Haut-RMn), 

precedees  d'obseryations  sur  I'osteologie  de  Tours  brun  des  Pyre- 
nees, 195. 

Falconer. — Sur  deux  nouveUes  especes  de  Mammiferes  fossiles  trou- 

vees  dans  1' oolite  de  Purbeck,  et  appartenant  au  genre  Plagiaulax, 317. 

-.       .       .     Yol.  X.     1858. 

Salter. — Sur  I'existence  d'un  poisson  fossile  dans  la  couclie  inferieure 
des  rocbes  de  Ludlow,  342. 

-.   .       .     Yol.  xi.     1859. 

_.     ,   .       .     Yol.  xii.     1859. 

Marcel  de  Serres. — Sur  les  modifications  que  les  coquilles  eprouvent 

et  qui  ne  dependent  d'aucune  aiFection  morbide,  377. 
_.       .       .     Yol.  xiii.     1860. 

Delbos,  J. — Sur  les  ossements  des  carnassiers  des  cavernes  de  Sentbeim 
(Haut-Kbin),  47. 

Marcel  de  Serres. — Des  especes  |)erdu8  et  des  races  qui  ont  disparu 
des  lieux  qu'elles  babitaient  primitivement,  297. 

_.   .     -_-_.     Yol.  xiv.     1860. 

Delbos,  J. — Sur  les  ossements  des  carnassiers  fossiles  des  cavernes  de 
Sentheim,  5. 

Edwards  (Alpbonse). — ^Histoire  des  crustaces  Podopbtbalmaires  fos- 
siles, 129  (10  plates). 

  .     MonograpMe  des  Tbalassiniens  fossiles,  295  (6  plates). 

Lartet. — Sur  I'anciennete  geologique  de  I'espece  bumaine  dans  I'Eu- 
rope  centrale,  117. 

_.   .       .     Yol.  XV.     1861. 

Gaudry. — Comptes  rendus  des  fouilles  executees  en  Grece  sous  les 

auspices  de  1' Academic  des  Sciences,  159. 
Lartet. — Sur  la  coexistence  de  I'Homme  et  des  grands  Mammiferes 

fossiles  reputes  caracteristiques  de  la  derniere  periode  geologique, 
139  (4  plates). 

Morcb. — Sur  le  Jelin  d'Adanson  et  sur  le  genre  Fleurodictyum  de 
Goldfuss,  369. 

Yalenciennes.— Sur  les  collections  de  Mammiferes  fossiles,  recueillis 

par  M.  Gaudry  a  Pikermi,  pres  d'Athens,  117. 2x7  2 
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Annales  des  Sciences  IJ^raturelles.   Zoologie.   4^  Serie.  Yol.  xvi.  1861. 
Gervais. — Sur  difFerentes  especes  de  Yertebres  fossiles  observes  pour 

la  pliipart  dans  le  midi  de  la  France,  288. 
Jourdan. — Description  des  restes  fossiles  de  deux  grands  Mammiferes 

constituant  les  genres  Rliizoprion  et  Dinocyon,  369  (plate). 

  .       .       .     Yol.  xvii.     1862. 

Alphonse  Milne-Edwards. — De  I'existence  de  I'liomme  pendant  la 
periode  quaternaire  dans  la  grotte  de  Lourdes,  227  (plate). 

Lubbock. — Rechercbes  geologico-arcbeologiques  recentes  faites  en 
Denmark  sur  les  Kjokkenmoddings,  273  (plate). 

  .     Sur  les  anciennes  habitations  lacustres  de  la  Suisse,  295. 

-.       .   .     Yol.  xyiii.     1862. 

Mayer. — Sur  la  decouverte  d'un  Yertebre  muni  de  plumes  dans  un 
depot  de  I'epoque  jurassiqae,  341. 

Alphonse  Milne-Edwards. — Monographic  des  Crustaces  fossiles  de 
la  famille  des  Canceriens,  30  (10  plates). 

Yan  Breda. — Sur  les  baches  d' Amiens  et  d'Abbeville  et  les  dents  de 
mammiferes  de  Maestricht,  336. 

-.       .   .     Yol.  xix.     1863. 

-.   .   .     Yol.  XX.     1863. 

Milne-Edwards  (Alphonse). — Sur  la  distribution  geographique  des 
oiseaux  fossiles,  et  description  de  quelques  especes  nouvelles,  133 

(plate). 
  .     Monographic  des  Crustaces  fossiles  de  la  famille  Canceriens, 

293  (9  plates). 

Annals  and  Magazine  of  Natural  History.     Third  Series.    Yol.  xvii. 

IS'os.  100-102.     April  to  June  1866. 
P.  P.  Carpenter. — Pleistocene  Fossils  collected  by  Col.  E.  Jewett  at 

Sta.  Barbara,  California,  274. 

W.  B.  Carpenter. — Rhynchonella  Geinitziana,  306. 
H.  Seeley. — Epitome  of  the  Evidence  that  Pterodactyles  are  not 

Eeptiles,  but  a  new  Subclass  of  Yertebrate  Animals  allied  to  Birds 

(Sati7'ornid) ,  321. 
J.  Nicol's  '  Geology  and  Scenery  of  the  North  of  Scotland,'  noticed, 467. 

A.  Milne-Edwards. — Bones  of  the  Dodo  recently  collected  in  the 
Mauritius,  473. 

Leonhard  und  Geinitz's  Neues  Jahrbuch  fiir  Mineralogie,  Geologie, 
und  Palaontologie.     Jahrgang  1866.    Hefte  2  &  3. 

H.  P.  Goppert. — Beitrage   zur  Kenntniss    fossiler    Cycadeen,    129 

(plate). 
F,  E-omer. — Frotolycosa  anthracophila,  eine  fossile  Spinne  aus  dem 

Steinkohlen-Gebirge  Oberschlesiens,  136  (plate). 
H.  B.  Geinitz. — Ueber  Arthropleura  armata  in  der  Steinkohlen-For- 

mation  von  Zwickau,  144. 
C.  Naumann. — Ueber  den  Granit  des  Kreuzberges  bei  Carlsbad,  145 

(plate). 
Mohr. — Ueber  die  Natur  der  Silicate,  181. 
E.  Haeckel. — Ueber  zwei  neue  fossile  Medusen  aus  der  Familie  der 

Ehizostomiden,  257  (2  plates). 
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Leonhard  und  Geinitz's  Neues  Jahrbuch  fiir  Mineralogie,  Geologie, 
und  Palaontologie.     Jalirgang  1866.     Hefte  2  &  3  (continued). 

J.  V.  Barrande. — Beleiiclitung  einiger  Ansicliten  iiber  die  Colonien, 
298. 

U.  Schloenbacli. — Ueber  die  Parallelen  zwiscben  dem  oberen  Planer 

Norddeutschlands  und  den  gleicbalterigen  Bildimgen  im  Seine- 
Becken,  309. 

E.  Eeichardt. — Das  Steinsalzbergwerk  Stassfurt  und  die  Vorkomin- 
nisse  in  demselben,  321. 

Letters  5  Notices  of  Books,  Minerals,  Geology,  and  Fossils,  61. 

L'Institut.     r*^  Section.     34«Annee.     Nos.  1679-1690.     March  to 
May  1866. 

Paloeontograpliica :  herausgegeben  von  Dr.  Wilh.  Dunker.    Yol.  xiii. 
Lief.  5.     March  1866. 

F.  A.  Romer. — Beitrage  zur  geologiscben  Kenntniss  des  Norddeut- 
schen  Harzgebirges,  201  (3  plates). 

D.  Brauns. — Der  Sandstein  bei  Seinstedt  unweit  des  Fallsteins,  289 

(plate). 

Palaeontographica :  herausgegeben  von  Hermann  von  Mayer.     Yol. 
xiv.  Lief.  5.     March  1866. 

R.   Ludwig. — Corallen    aus   palaolitischen   Formationen,   173    (14 
plates). 

  :    .     Yol.  XV.  Lief.  2.     March  1866. 

H.  von  Meyer. — Homoeosaurus  Maximiliani  aus  dem  lithographischeu 
Schiefer  von  Kelheim,  49  (plate). 

H.  Hagen. — Die  Neuroptera  des  lithographischen  Schiefers  in  Bayern, 
Part  i.,  67  (4  plates). 

-.     Supplement-Band.     Lief.  6.     March  1866. 

A.  Hellmann. — Die  Petrefacten  Thiiringens  nach  dem  Materiale  des 
herzogl.  Naturalien-Kabinets  in  Gotlia,  41  (plate). 

III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

AhicJi,  IT.      Einleitende  Grundziige   der   Geologie  der  Halbinseln 
Kertsch  und  Tamau.     1865. 

  .     Observationes  de  Elasmotherii  reliquiis.     1864. 

Annales  Hydrographiques :  recueil  d'avis,  instructions,  documents, 
et  memoires  relatifs  a  I'hydrographie  et  a  la  navigation.  2^  et  3^ 
Trimestres  de  1865.     1865.     From  the  De^ot  de  la  Marine. 

Australia.  Supplement  an  E-outier  de  1' Australia,  Cote  est,  detroit 
do  Torres  et  mer  de  Corail.     1865.    From  the  D^pot  de  la  Marine, 

Brandt,  J.  F.  Bemerkungen  iiber  die  Classification  der  kaltbliitigen 
Riickenmarkthiere  zur  Beantwortung  der  Frage:  Was  ist  ein 
Fisch  ?     1865. 
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Brandt,  J.  F.  Bemerkungen  liber  die  Yerbreitung  und  Yertilgung 
der  BTiytina.     1862. 

■ — — .  Bericht  iiber  die  Acquisitionen  der  zoologischen  und  zooto- 

miscben  Sammlungen  der  Kaiserl.  Akademie  der  "Wissenschaften 
wabrend  des  1864sten  Jabres  und  die  darin  ansgefiibrten  wissen- 
scbaftlicben  Arbeiten.     1864. 
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DEEEifCE  of  the  '^  Colonies." — Part  III.     By  M.  J.  Bakeande. 

[Defense  des  Colonies. — III.  Etude  generale  sur  nos  etages  G-H,  avec  applica- 
tion speciale  aux  environs  de  Hlubocep,  pres  Prague.  Par  J.  Barrande 

1865.] 

This  last  contribution  from  the  pen  of  M.  Barrande  treats  specially 

of  the  two  highest  members  of  his  "  third  fauna,"  which  are  well 
developed  in  the  typical  district  of  Hlubocep,  and  are  subdivided  by 
the  author  as  follows  : — 

metres. 

A3.  Soft  grey  and  greenish  shales       20-40 
h  2.  Shales  alternating  with  thin  bands  of  impure  sand- 

H  \  stone    150-200 
1.  Variously  coloured  highly  fossiliferous  shales,  with 

a  few  calcareous  bands  at  the  base          20-60 
^3.  Compacted  nodular  limestone          50-100 

Qc  \  g2.  Shales  containing  thin  layers  of  calcareous  nodules    20-150 
[^1.  Beds  of  nodular  Umestone    150-200 

The  lowest  division  of  g  rests  conformably  on  P,  the  passage  from 
the  one  member  to  the  other  being  gradual.  Between  g  1  and  g  2 
there  nowhere  exists  any  strongly  marked  line  of  separation ;  on  the 
contrary,  the  transition  takes  place  by  repeated  alternations  of  thin 
bands  of  limestone  and  beds  of  shale,  the  former  diminishing  in 
thickness  as  we  ascend  to  higher  levels,  while  the  intervening  beds  of 
shale  become  progressively  thicker.  Towards  the  central  portion  of 
g  2  the  nodular  limestone  bands  are  reduced  to  a  few  subregular 
layers,  or  are  altogether  absent.  The  passage  into  the  overlying  g  3 
is  equally  gradual.  Thin  bands  of  yellow  and  red  nodular  limestone 
separate  the  shales  towards  the  highest  part  of  this  division,  and  be- 

coming more  and  more  numerous  as  we  ascend,  finally  become  pre- 
dominant, and  are  succeeded  by  the  compacted  nodular  hmestone 

beds  g  3.  This  latter  resembles  precisely  the  lower  bed  g  1,  but 
differs  widely  in  the  species  and  relative  number  of  its  organic  re- 

mains. In  the  vicinity  of  Chotecz  and  Hinter  Kopanina  g  2  con- 
tains beds  of  trap -rock  interstratified  with  the  shales. 

Between  g  3  and  h  1  the  transition  is  more  marked,  although  at 
Hortin  and  near  Holin  there  is  an  apparent  alternation  of  the  higher 
beds  of  the  one  with  the  lower  beds  of  the  other.  In  some  localities, 
however,  as  in  the  valley  of  Srbsko,  the  shales  of  ̂   1  abut  against  the 
higher  limestone  of  G.  Nevertheless  M.  Barrande  is  unwilling  to 
admit  that  there  exists  a  real  unconformability  between  the  two 
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members,  and  endeavours  to  explain  away  the  discordance  by  the 
supposed  effects  of  denudation  and  subsequent  change  of  position 
(p.  19).  The  two  higher  members  of  H  rest  conformably  on  the 
lower  one.  They  are  entirely  unfossiliferous,  with  the  exception  of 
a  few  fucoidal  impressions  on  the  surfaces  of  the  sandstones  which 
characterize  the  middle  division. 

Of  the  rich  fauna  contained  in  these  two  zones  in  Bohemia, 
amounting  altogether  to  254  species,  a  very  small  number  only  are 
known  to  Britain.  The  fish-remains  referred  to  the  genera  Cocco- 
steus,  Asterolepis,  Gompholepis,  and  Ctenacanthus,  which  occur  in  g  1, 
are  all  absent  from  British  Silurian  strata.  Coccosteus  first  appears 
in  zone  F,  but  the  species  does  not  pass  up.  Hence  vertebrate  genera 
which  characterize  our  Old  Red  Sandstone  series,  in  Bohemia  occur 
many  hundred  feet  lower  down  in  the  geological  scale. 

As  regards  the  Invertebrata  the  general  results  are  given  in  the 
following  Table : — 

General  Table  of  the  Vertical  Distribution  of  the  Fossils  in  the 
Stages  G  and  H. 

Genera 
and 

species. 

E. F. 

G. 
H. 

Species  common  to 

Total 
number 

of  recur- rent 

species 

from 

f- 

f f 

Ai Ji' 
h^ 

g^kg\ 
g^kg\ 

g^  &gs. 
G&H. 

G-H. 

Fishes   4 49 

39 10 

16 29 17 

6 

"3 

5 
2 
1 
7 
1 
2 

"i 

2 
2 
1 
3 
0 
0 

2 
4 
2 
0 
2 
4 
1 

"2 

4 

2 
0 
2 
1 
0 

"7 

13 6 
2 

12 6 
3 

Crustacea    

Cephalopoda . . . 
Pteropoda   
Gasteropoda  ... 
Brachiopoda  ... 
Acephala      
Eadiata   

3 

15 1 
2 
8 
1 

18 
7 
3 
5 

20 
3 

5 
8 
3 
3 
8 
8 
4 

2 

62 1 
5 
5 
1 

2 
5 
2 

... 

2 
4 

30 56 170 39 

79 

15 21 
9 

15 

11 

49 

303 

The  total  number  of  species  in  the  two  stages  G  and  H  is  there- 
fore 303,  which,  deducting  49  for  recurrent  species,  leaves  254  for 

the  entire  fauna.  Of  the  15  species  which  occur  in  H,  there  are 
only  4,  namely,  Orthoceras  equisetum,  Barr.,  Avicula  consanguis, 
Barr.,  A.  rarissima,  Barr.,  and  Cardiola  retrostriata,  Y.  Buch,  which 
are  not  contained  in  G.     The  latter,  however,  occurs  in  E. 

bQ  species  pass  up  from  stage  E,  and  30  from  stage  E.  Of  these 
86  species,  12  are  common  to  both  these  stages,  leaving  74  species,  or 
one-third  nearly,  as  common  to  the  two  upper  and  two  lower  zones 
of  the  third  fauna. 

g  1  and  g  3  are  undistinguishable  lithologicaUy,  but  are  easily  re- 
cognized by  the  difference  in  their  palaeontologieal  contents,  all 
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the  classes,  except  tiie  Cephalopods,  being  largely  represented  in  g  1, 

while  the  Cephalopods  are  more  numerous  in  g  '3,  in  the  proportion 
of  3  to  2  (p.  54). 

g  2  and  h  1  may  be  similarly  distinguished.  The  two  beds  toge- 
ther contain  54  species.  Of  these,  about  16  species  occur  in  the 

lower  beds  which  do  not  occur  in  the  higher,  while  the  higher  con- 
tain two  species  only  which  are  not  found  in  the  lower.  The  two 

highest  members  of  H  are  unfossiliferous  and  are  not  therefore  liable 
to  be  confounded  with  the  shale  below. 

Comparing  the  Silurian  system  of  Bohemia  with  that  of  England, 
M.  Barrande  finds  that  while  a  complete  correspondence  exists  be- 

tween the  grand  divisions,  it  does  not  extend  to  the  minor  ones. 
Thus  the  fossils  which  characterize  the  Upper  Silurian  system  of  Eng- 

land and  the  "  third  fauna  "  of  Bohemia,  considered  as  a  whole,  con- 
stitute one  and  the  same  general  fauna,  which,  at  its  commencement, 

presented  very  close  relationship, but  which, from  local  or  other  causes, 
underwent  in  each  country  a  different  evolution,  and  hence  that  the 
different  zones  in  the  two  countries  as  distinguished  by  their  fossils 
are  merely  local  subdivisions  which  have  no  correspondence,  although 
comprised  in  the  same  period  of  time  during  which  the  Silurian  sy- 

stem was  being  deposited.  Thus  we  find  that  of  the  2000  species 
which  characterize  the  third  fauna  of  Bohemia  and  the  500  in  England 

there  are  only  57  species  in  common,  32  of  which  had  existed  previ- 
ously in  British  Lower  Silurian  rocks,  although  some  of  them  do  not 

appear  in  the  second  fauna  in  Bohemia.  Of  these  57  species,  50 
occur  in  the  Wenlock,  and  27  in  the  Ludlow  rocks,  and  one  passes 
up  into  the  passage-beds.  In  Bohemia  51  of  these  57  species  are 
found  in  stage  E,  12  in  stage  E  (7  being  recurrent  species),  5  in  stage 
G  (4  being  recurrent  species),  and  1  in  stage  H  {Lingula  cornea) 
(pp.  175  &  176). 

It  appears,  therefore,  that,  abstracting  the  passage-beds,  the  Upper 
Silurian  fauna  of  England  is  sufficiently  (maniere  satisfaisante)  re- 

presented in  the  stage  E  of  Bohemia,  and  that  stages  E,  0,  and  H  of 
the  Prague  Basin,  and  especially  the  two  last,  are  not  certainly  present 
in  England  (p.  177). 

To  render  this  more  clear  it  may  be  well  to  state  that  the  chief 
palseontological  characters  of  G  are  (1)  the  predominance  of  Trilobites, 
and  especially  of  Dalmanites  and  Bronteus,  and  the  presence  of  Caly- 
mene  in  the  horizon  of  ̂   1 ;  (2)  the  reappearance  of  Cephalopods  of 
the  genera  Phragmoceras  and  Gomphoceras  in  g  3,  which  had  disap- 

peared at  the  close  of  stage  E  ;  (3)  the  appearance  of  Gonatites,  rela- 
tively considerable,  analogous  to  those  of  the  Devonian  system  which 

had  already  been  ushered  in  by  some  rare  forms  in  stage  F ;  (4)  the 

sporadic  appearance  of  Coccosteus  smd  Asterolepis*,  hitherto  generally 
considered  as  exclusively  proper  to  the  Devonian  period.  These 
elements  are  entirely  wanting  in  England,  not  only  in  the  Wenlock 
and  Ludlow  rocks,  but  even  in  the  passage-beds.  If,  therefore,  we 
give  to  palseontological  evidence  the  value  we  have  hitherto  attributed 
to  it  in  the  classification  of  deposits,  and  above  all  in  the  comparison 

*  Carboniferous? 
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of  basins  geographically  separated,  it  is  evident  that  in  England 
there  is  no  distinct  subdivision  which  can  be  considered  as  especially 
the  stage  G  of  Bohemia ;  and  the  same  remark  is  applicable  to  stage 
H,  of  which  the  fauna  is  but  a  feeble  continuation  of  that  of  G. 

In  Russia  and  the  Baltic  provinces  the  progress  of  discovery  has 
confirmed  the  equivalence,  already  laid  down  in  1845  by  Sir  E. 
Murchison,  between  the  Silurian  rocks  of  the  Isle  of  Oesel  and  those 
of  England ;  but  Dr.  Schmidt  remarks  that  the  subdivisions  of  the 
Ludlow  rocks  cannot  be  recognized  in  the  upper  zones  of  the  Island 
of  Oesel,  and  it  is  important  to  observe  that  of  the  43  species  of  fish 
belonging  to  this  zone,  12  of  them,  among  which  Pterichthys  [Astero- 
lejpis]  occurs  at  Ohhesaare-Pank  associated  with  Phacojos  Down- 
ingicB,  Calymene  Blumenhachi,  Orthoceras  huUatum,  0.  trocheale,  Car- 
diola  interrupta,  Fterinea  retroflexa,  Petzia  Salteri,  StrojpJiomena 
filosa,  Chonetes  lata,  and  other  Wenlock  and  Ludlow  fossils,  showing 
as  remarked  by  M.  Barrande,  that  the  presence  of  fish-remains  by  no 
means  vitiates  the  Silurian  character  of  the  last  phases  of  the  third 
fauna.  Erom  a  comparison  of  the  list  of  fossils  supplied  by  Dr. 
Schmidt  with  those  of  Bohemia,  it  appears  that  21  species  are  com- 

mon to  both  localities,  of  which  20  belong  to  stage  E,  and  that,  not- 
withstanding the  number  of  fish-remains,  the  highest  zone  of  the 

Isle  of  Oesel  is  anterior  in  age  to  stage  G  of  Bohemia,  but  that  fish 
of  many  types  appeared  there  at  an  earlier  period  than  than  they  did 
in  the  Silurian  basin  of  Prague. 

In  Sweden  and  Gothland  stage  E  is  represented  by  22  and  stage 
E  by  10  species  common  to  those  countries  and  Bohemia,  thus  con- 

firming the  views  of  Sir  R.  Murchison  and  Dr.  Schmidt  of  the  exist- 
ence of  the  Wenlock  and  Ludlow  rocks,  the  higher  zones  G  and  H 

being  entirely  absent.  In  Norway,  as  in  Sweden  and  Gothland, 
nine-tenths  of  the  species  common  to  that  locality  and  Bohemia 
belong  to  stage  E,  stage  E  being  but  feebly  represented ;  beds  referred 
to  the  middle  part  of  the  Ludlow  period  being  surmounted  conformably 
by  unfossiliferous  sandstones  and  marls  1000  feet  in  thickness,  which 
are  considered  by  Prof.  Boomer  to  be  of  Devonian  age.  In  Thuringia, 
Saxony,  and  Eranconia,  beds  corresponding  with  the  first  phase  of 

Barrande's  third  fauna,  namely,  zone  E,  are  succeeded  by  deposits 
placed  more  or  less  high  in  the  Devonian  series.  The  Silurian  rocks 
of  the  Harz  have  been  referred  by  Prof.  Giebel  to  the  horizon  of  the 
Wenlock  in  England  and  zones  E  and  E  in  Bohemia,  and  the  presence 
of  Monoprion  Sagittarius  removes  all  doubt  as  to  their  Silurian  age ; 
but  the  mixture  of  Lower  Devonian  forms  with  those  of  the  third 

fauna,  together  with  several  types  of  fishes,  and  especially  Ctena- 
canthus,  recall  the  upper  calcareous  zones  F  and  G  of  Bohemia ;  but 
the  large  number  of  species  of  Capulus  which  coexist  with  these  fish- 
remains  in  the  Harz  contrasts  with  the  nearly  total  absence  of  that  type 
in  zone  G,  whilst  analogous  forms  are  sufficiently  common  in  zone  E 
and  again  in  zone  E  ;  and  although  some  Brachiopods,  like  Rhyncho- 
nella  cuneata,  are  referable  to  the  former,  the  greater  number  apper- 

tain rather  to  the  latter.  At  present,  therefore,  the  data  are  too 

fragmentary  and  incomplete  for  the  position  of  these  beds  to  be  deter- 
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mined  with  certainty  (p.  211) ;  Lut  it  is  possible  that  further  research 
in  the  Harz  may  sooner  or  later  confirm  the  facts  observed  in  Bohe- 

mia, of  the  sporadic  appearance  of  fishes  towards  the  close  of  the 
Silurian  period,  along  with  Dalmanites,  Bronteus,  Acidaspis,  and  other 
types  characteristic  of  zone  G  (p.  212).  Moreover,  it  is  possible  that 
the  deposits  of  the  Harz  form  part  of  the  great  Palaeozoic  zone  of  the 
north  like  those  of  the  environs  of  Hof,  and  were  separated  from  the 
Bohemian  basin  by  an  ancient  barrier  of  gneiss  and  other  crystaUine 
rocks.  In  Spain,  Sardinia,  and  France  no  beds  higher  than  zone  E  have 
been  observed,  unless  it  is  in  the  department  of  the  Lower  Loire, 
where  M.  Cailliaud  has  observed  the  coexistence  of  several  species 
characteristic  of  stage  P,  with  others  considered  as  Devonian. 

Crossing  the  Atlantic,  M.  Barrande  considers  the  North  American 
representatives  of  his  third  division  of  the  Silurian  system,  and 
arrives  at  somewhat  different  conclusions  from  those  drawn  by  MM. 
de  Yerneuil,  D.  Sharpe,  and  Hall.  Excluding  the  Clinton  and  Medina 
groups  as  passage-beds  between  the  two  great  divisions  of  the  system, 
he  includes  the  Niagara  group  and  the  whole  of  the  Lower  Helder- 
berg  series  as  representing  his  zone  E.  Zone  E  is  represented  by  the 
Oriskany  Sandstone,  the  remaining  members  of  the  upper  Helderberg 
series  being  regarded  as  representing  generally  zones  G  and  H ;  and 
he  considers  that,  by  means  of  certain  Devonian  forms  in  the  Upper 
Helderberg  series,  these  beds  are  more  intimately  connected  with  the 
Devonian  system  of  Europe  than  are  those  of  Bohemia,  which  contain 
a  smaller  number  of  Devonian  types. 

Eecapitulating  his  facts,  M.  Barrande  observes  that  the  countries 
in  the  neighbourhood  of  Bohemia,  namely.  Saxony,  Thuringia,  and 
Franconia,  do  not  present  a  single  trace  of  the  last  phase  of  the  third 
fauna,  but  that  the  first  phase  of  this  fauna  is  distinctly  recognized. 
The  Silurian  rocks  of  these  countries  appear  to  belong  to  the  great 
northern  Palaeozoic  zone,  like  England,  Russia,  and  the  Harz,  the 
faunas  of  which  present  us  with  more  marked  connexions  with  the 
phase  of  life  appertaining  to  zones  G  and  H. 

Norway  and  Sweden,  which  belong  to  the  same  northern  zone,  and 
are  intimately  related  to  England  by  the  character  of  the  earlier  por- 

tions of  its  Upper  Silurian  fauna,  present  none  of  the  phases  of 
the  latter  part  of  that  period.  France,  Spain,  and  Sardinia  on  the 
contrary,  although  forming,  like  Bohemia,  part  of  the  great  central 
Palaeozoic  zone,  and  presenting  the  earher  phase  of  the  third  fauna, 
are  equally  devoid  of  the  latter  portion  ;  but  there  are  beds,  considered 
in  France  as  representing  the  Lower  Devonian  system,  which  contain 
fossils  similar  to  forms  disseminated  through  zones  E,  F,  and  G. 

In  England,  the  Isle  of  Oesel,  and  the  Harz,  zones  G  and  H  ap- 
pear to  be  partially  represented.  In  the  Upper  Ludlow  and  passage- 

beds  of  England  we  find  six  genera  of  fishes  associated  with  fossils 
of  Silurian  types ;  but  the  Trilobites  Dalmanites  and  Bronteus,  and 
the  Cephalopods  with  a  contracted  orifice,  characteristic  of  the  higher 
beds  of  Bohemia,  are  absent,  as  also  are  the  Goniatites  and  Cardiola 
retrostriata.  In  the  Isle  of  Oesel,  where  the  number  of  fishes 
amounts  to  43  species,  among  which  are  Coccosteus  and  Asterolepis, 
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there  are  associated  with  them  mimerous  fossils  characteristic  of 
the  earlier  period  of  the  third  fauna,  whilst  the  Crustaceans  and 
Cephalopods  appertaining  to  the  latter  part  of  that  fauna  are  entirely 
wanting.  In  the  Harz,  however,  the  presence  of  Ctenacanthus  among 
fishes  and  of  Dalmanites  and  Bronteus  among  Trilobites,  associated 
with  forms  of  Devonian  type,  renders  it  probable  that  the  limestones 
of  Magdesprung  represent  an  epoch  near  those  represented  by  stages 
G  and  H  (p.  266). 

In  the  IJnited  States  of  America  the  closest  analogy  to  the  fauna 
of  G  and  H  is  found  in  the  Upper  Helderberg  group  (especially  in  the 

State  of  iN'ew  York),  which,  by  its  Gasteropods,  Acephala,  and  Bra- chiopods,  presents  clearer  connexions  with  the  Devonian  fauna  of 
Europe  than  do  the  similar  zones  of  Bohemia. 

With  respect  to  the  connexions  between  these  two  higher  zones 
and  the  Devonian  system,  after  passing  in  review  all  the  evidence  to 
be  derived  from  organic  remains,  the  author  arrives  at  the  conclusion 
that  generally  they  are  not  more  directly  united  to  the  Devonian 
fauna  than  are  the  higher  zones  of  any  of  the  other  Silurian  countries 
where  the  third  fauna  has  a  less  vertical  development,  and  is  even 
reduced  to  its  first  phase ;  for  if  in  Bohemia  they  contain  the  genus 
Goniatites,  which  is  not  met  with  elsewhere,  in  the  former  they  contain 
several  genera  of  fishes,  and  of  other  types,  as  Galceola,  Grammy sia, 

Pleurodictyum,  &c.,  which  occupj?-  a  distinguished  rank  among  Devo- 
nian fossils,  and  which  are  completely  wanting  in  the  Bohemian 

Silurian  rocks.  And,  with  reference  to  specific  connexion,  the  two 

upper  stages  in  Bohemia  contain  fewer  species  identical  with  Devo- 
nian forms,  and  fewer  representative  forms,  than  do  the  inferior 

stages  E  and  E.  In  fact  his  researches  lead  him  to  the  apparently 
paradoxical  conclusion  that  the  two  highest  members  of  his  third  fauna 
present  less  strong  connexions  with  the  Devonian  system  than  do 
those  which  immediately  precede  them. 

Taken,  therefore,  from  a  palaeontological  point  of  view  stages  G 
and  H  preserve  completely  a  Silurian  character,  and  are  not  united 
to  the  Devonian  system  except  by  those  usual  hnks  which  announce 
the  approach  of  a  succeeding  period.  [II.  B.  H.] 

Elements  of  Chemical  and  Physical  Geology.     By  Dr.  Gustav 
BiscHOE,  Eor.Mem.G.S.,&c.     Yol.  II.  Second  Edition*. 

[Lehrbuch  der  chemischen  und  physical! schen  Geologie.  Von  Dr.  Gustav 
Bischof,  For.  Mem.  G.S.  Zweite  ganzlich  mngearbeitete  Auflage,  Band  II. 
Bonn,  1864.] 

In  this  volume  of  the  new  edition  of  Dr.  Bischofs  well-known 

*  Elements  of  Chemical  and  Physical  Geology,'  the  whole  of  the  material 
of  the  former  edition  has  been  re-arranged,  more  especially  with  a  view 
to  condensation,  but,  as  a  large  amount  of  additional  matter  has  been 
incorporated,  the  dimensions  of  the  work  are  still  very  great,  the 

*  Volume  i.  of  this  edition  was  noticed  in  Quart.  Journ.  Geol.  Soc.  toI.  xx. 
Part  II.  Miscel.  p.  13. 
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volume  in  question  extending  to  not  less  than  952  pages  of  large 
octavo  size ;  the  bulk  would  have  been  still  further  increased  if  all  the 
analyses  contained  in  the  first  edition  had  been  given  in  full,  instead 
of  being  merely  referred  to  in  foot-notes,  as  is  done  in  several  in- 

stances. While  in  the  first  volume  the  general  chemical  principles 

involved  in  the  changes  of  the  earth's  crust  are  set  forth,  the  second 
treats  of  the  salts  occurring  in  the  mineral  kingdom,  taking  the  widest 
sense  of  the  term  and  according  to  the  ordinary  chemical  classification. 
The  volume  is  divisible  into  three  parts,  the  first  comprising  the  Haloid 
salts,  the  second  the  oxy-salts  of  acids  which  are  easily  soluble  or 
miscible  in  all  proportions  with  water,  and  the  third  those  of  the 
nearly  insoluble  silicic  acid,  or  silicates.  A  fourth  division  treats  of 

the  most  important  of  the  minerals  which,  in  the  author's  opinion, 
have  been  produced  from  the  decomposition  of  silicates.  The  volume 
may  in  fact  be  regarded  as  a  purely  chemical  mineralogy,  in  which, 
without  referring  to  their  external  characteristics,  the  composition, 

formation,  metamorphism,  replacement,  and  decomposition  of  the  non- 
metallic  minerals  is  considered,  the  metallic  minerals  being  reserved 
for  a  third  volume. 

The  division  into  chapters  is  continued  from  the  first  volume, 
commencing  with  chapter  xvii.  and  ending  with  chapter  xlii.  The 
first  chapter  (xvii.)  contains  general  remarks  on  the  alkaline  and 
earthy  chlorides,  bromides,  iodides,  and  fluorides,  and  on  their  presence 
in  crystalline  rocks  and  lavas.  Chapter  xviii.  is  devoted  to  chloride 
of  sodium,  under  the  headings  of  rock-salt  and  salt-lakes ;  the  former 
is  shown  to  be  deposited  from  sea-water  by  slow  evaporation,  on 
account  of  its  great  purity,  rock-salt  being  perhaps  the  nearest 
approach  to  a  pure  chemical  compound  occurring  in  nature,  some 
varieties  yielding  by  analysis  100  per  cent,  of  chloride  of  sodium. 

The  salt  from  brine-springs,  on  the  other  hand,  being  produced  by 
rapid  concentration  of  the  solution,  decrepitates  when  heated,  portions 
of  the  mother-hquor  containing  uncrystallizable  chlorides  being  en- 

tangled among  the  crystals.  The  great  difi'erence  in  the  relative 
proportion  of  gypsum  and  common  salt  existing  in  sea- water  and  in 
sahferous  rocks  is  explained  by  showing  that,  although  sea-water 
contains  16-4  times  more  salt  than  gypsum,  the  smaller  absolute 
amount  of  the  latter  salt  represents  63  per  cent,  of  the  total  necessary 
for  saturation,  while  the  chloride  of  sodium  only  amounts  to  7  per 
cent.  It  is  evident  therefore  that  the  solution  will  be  sufiiciently 
concentrated  to  allow  of  the  deposit  of  gypsum  when  37  per  cent,  of 
water  has  been  evaporated,  whereas  it  will  be  necessary  to  remove 
not  less  than  93  per  cent,  before  any  salt  can  be  separated.  In  this 
way  the  great  masses  of  gypsum  and  anhydrite  accompanying  the 
salt-masses  of  the  Alps  may  be  supposed  to  have  been  formed,  by 
partial  concentration  of  sea-water  which  was  removed  before  the  salt 
had  time  to  be  deposited.  The  notices  of  salt-lakes  contain  numerous 
interesting  particulars  of  the  composition  of  the  water  of  the  Elton 
Lake  in  the  Crimea,  which  is  remarkable  for  the  large  amount  of  chlo- 

ride of  magnesium,  and  the  variable  amount  of  common  salt,  that  it 
contains  at  difierent  seasons  of  the  year. 

Chapter  xix.  treats  of  fluorides,  the  author  noticing  the  combinations 



8  GEOLOGICAL  MEMOIES. 

of  fluorine  with  other  elements ;  fluor  spar,  its  production,  association, 
and  pseudomorphic  forms,  and  the  more  complex  minerals  cryolite, 
topaz,  and  pycnite.  It  is  suggested  that  the  latter  may  be  formed 
from  cryolite,  a  double  fluoride  of  sodium  and  aluminium,  when  the 
fluoride  of  sodium  is  replaced  by  a  silicate  of  alumina,  topaz  being  pro- 

duced when  the  same  replacement  afl"ects  a  portion  of  the  fluoride  of aluminium. 

In  chapter  xx.  the  alkaline  and  earthy  carbonates  are  treated  at 
considerable  length,  commencing  with  the  degree  of  solubility  of 
artificial  and  natural  carbonates  of  lime ;  then  follow  the  methods  by 
which  calcareous  pseudomorphs  are  formed.  The  carbonates  of  mag- 

nesia, baryta,  strontia,  iron,  and  manganese  are  treated  in  a  similar 
manner,  but  the  interesting  subject  of  the  formation  of  dolomite  is 
reserved  for  the  next  volume.  The  subject  of  the  composition  of  the 
natural  carbonates  of  iron,  sparry  iron  ore,  clay -ironstone,  black  band, 
&c.,  is  most  elaborately  treated,  no  less  than  fifty-seven  analyses  of 
these  minerals  being  given. 

Chapter  xxi.  treats  of  the  difl'erent  earthy  sulphates,  gypsum, 
Epsomite,  heavy  spar,  and  celestine,  their  various  methods  of  occur- 

rence, transformations,  &c.  The  difficulty  of  finding  an  origin  for  the 
great  masses  of  sulphate  of  baryta  common  in  the  newer  mineral 
deposits,  no  baryta-salt  being  recognizable  in  the  composition  of 
crystalline  rocks,  is  adverted  to,  as  are  also  the  recent  researches  of 

Max  Mitscherlich*,  who  announces  the  presenceof  baryta,  varying  in 
quantity  from  0-45  to  2-33  per  cent.,  in  felspars  from  the  Eifel  and 
S.  Gothard.  The  production  of  sulphate  of  baryta  by  the  double 
decomposition  of  solutions  containing  witherite  and  gypsum  is  de- 

scribed at  length,  with  numerical  illustrations. 
Chapter  xxii.  on  phosphates,  commences  with  a  notice  of  the  various 

minerals  containing  phosphoric  acid  other  than  the  ores  of  the  heavy 

metals ;  the  author  then  treats  of  Eownes's  investigations  on  the 
presence  of  phosphates  in  crystalline  rocks  and  lavas,  and  proceeds 

to  consider  the  solubility  of  the  difl'erent  substances  containing  phos- 
phate of  lime  in  water  saturated  with  carbonic  acid.  This  varies  very 

greatly,  apatite  requiring  393,000  parts  of  water  for  complete  solu- 
tion, while  the  scrapings  of  the  bones  of  a  freshly  killed  ox  dissolve 

in  4000  parts,  and  precipitated  neutral  phosphate  of  lime  requires  only 
1500  parts.  Phosphate  of  lime  is  formed  when  alkaline  phosphates 

are  heated  with  silicate  of  lime.  "When  phosphate  of  lime  dissolved in  carbonated  water  is  brought  into  contact  with  alkaline  fluorides, 
fluoride  of  calcium  is  deposited  and  phosphate  of  soda  remains  in 
solution.  This  reaction  is  suggested  as  a  probable  cause  of  the  increase 
of  fluorine  in  fossil  bones.  Phosphate  of  iron  (Yivianite)  is  noticed 
at  some  length,  and  a  description  is  given  of  its  occurrence  in  the 
bones  forming  the  skeleton  of  a  drowned  miner,  which  was  found 
in  the  Scharley  zinc-mine  in  Silesia,  upon  reopening  the  workings 
after  they  had  been  closed  for  three  centuries.  Yivianite  may  be 
produced  by  double  decomposition  from  apatite  and  sulphate  or  car- 

bonate of  iron.     Notices  of  the  best  known  occurrences  of  phosphates 

*  Pogg.  Ann.  vol.  cxi.  p.  351. 
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n  vegetable  and  animal  structures,  as  well  as  in  sedimentary  rocks, 
with  remarks  on  the  continued  circulation  of  phosphoric  acid  from 
the  minerals,  through  plants  to  animals,  and  its  return  through  the 
decomposition  of  organic  remains  to  the  mineral  state,  close  the 
chapter. 

Boracic  acid  and  borates  form  the  subject  of  chapter  xxiii. ;  the 
occurrence  of  boracic  acid  in  the  Suffioni  of  Tuscany  associated  with 
sulphate  of  ammonia  and  chloride  of  ammonium  is  described  ;  and  the 
decomposition  of  boracite  in  the  limestone  from  which  the  hot  springs 
rise  is  suggested  as  a  means  of  origin.  The  formation  of  tourmaline, 

&c.,  is  reserved  for  the  chapter  on  the  origin  of  gi.^anite. 
The  third  and  most  important  part  of  the  work,  comprising  chapters 

xxiv.  to  xli.,  extending  to  nearly  600  pages,  treats  of  the  various  siK- 
cates  found  in  nature,  and  the  general  remarks  at  the  commencement 
treat  of  their  probable  composition  and  origin.  Of  the  former  sub- 

ject it  is  remarked  that  the  formulae  in  use  for  the  more  complex 
silicates  are  of  little  other  value  than  that  of  expressing  the  indivi- 

dual views  of  the  chemists  by  whom  they  are  propounded.  Through- 
outthis  portion  of  the  work  the  composition  of  the  minerals  is  expressed 
chiefly  by  their  oxygen  quotients,  that  is  the  fractions  obtained  by 
dividing  the  amount  of  oxygen  in  the  protoxide  and  sesquioxide 

bases  taken  together  by  that  of  the  silica.  "With  regard  to  the  origin of  crystalline  sihcates,  the  author  is  disposed  to  consider  them  as 
essentially  formed  by  the  action  of  water  from  amorphous  masses ; 
thus  he  remarks  that,  as  a  rule,  lavas,  especially  those  of  newer  date, 
are  not  crystalline,  although  when  sufficiently  thick  they  may  take 
years  in  cooling  ;  this  view  is  especially  brought  out  in  the  conside- 

ration of  the  origin  of  leucite,  a  mineral  which  occurs  most  abundantly 
and  in  the  largest  crystals  in  Yesuvian  lavas  of  pre-historic  origin. 
Even  at  ordinary  temperatures  glass  becomes  crystalline  when  ex- 

posed to  atmospheric  changes  for  a  long  period,  as  has  been  shown  by 
Brewster  and  Zirkel  in  mediaeval  glass  taken  from  the  windows  of 

Saint  Andrew's  and  Cologne  Cathedrals. 
The  system  of  arrangement  of  the  descriptive  notices  of  the  sili- 

cates is  based  upon  the  relations  of  their  pseudomorphs  to  each  other, 
the  series  being  commenced  with  the  zeolites,  which  never  appear 
except  in  their  own  proper  forms ;  felspar  is  made  to  take  the  second 
place,  from  the  fact  that  orthoclase  has  been  found  in  the  forms  of 
laumonite  and  analcime,  and  therefore  may  under  certain  circum- 

stances be  derivable  from  zeohtes.  The  last  members  of  the  series 

are  the  difficultly  decomposable  substances :  mica,  chlorite,  steatite, 
serpentine,  &c.,  which  are  found  as  pseudomorphs  of  almost  all  the 
harder  silicates.  Especial  reference  is  made  to  the  remarkable  con- 

trast between  the  extreme  divisibility  of  mica  due  to  physical  structure 
and  its  almost  absolute  stabihty  against  chemical  changes  from  the 
action  of  the  air.  This  property  is  assumed  to  be  due  to  peculiar 
isomeric  conditions  of  the  component  silicates.  As  might  be  supposed 
in  a  substance  forming  the  ultimate  product  of  alteration  of  a  great 
number  of  different  minerals,  micas  vary  very  much  in  composition, 
the  maxima  and  minima  of  the  chief  components  are  given  as  fol- 

lows : — 
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Silica    36  per  cent.  min.  71  per  cent.  max. 
Alumina    6  „  „  38  „  „ 
Iron  oxides    0  „  ,,  36  ,,  „ 
Magnesia       0  ,,  „  29  ,,  „ 
Potash       2  „  „  14 

Lithia    0  „  ,,                  5-7  ,,  „ 
Fluor    0  „  „  104  „ 

Water  is  present  up  to  about  4  per  cent.,  and  organic  matter  is 
occasionally  found  in  considerable  quantity,  as  for  instance  in  the 
lithia-mica  of  Altenberg,  which  is  treated  in  quantities  of  16  cwts. 
at  a  time  for  the  production  of  lithia. 

Serpentine  forms  the  subject  of  chapter  xxxix. ;  it  is  considered 
throughout  as  a  product  of  alteration,  the  view  of  its  igneous  origin 
being  distinctly  repudiated.  In  like  manner  in  the  chapter  on 

quartz  and  other  forms  of  silica  the  views  of  the  so-called  "  Plu- 
tonists "  are  combated  to  the  uttermost.  The  volume  is  closed  by 
two  chapters  on  magnetic  and  titanic  iron-ores  considered  as  pro- 

ducts of  the  alteration  of  silicates,  a  view  which  is  not  generally 
held  in  countries  where  those  minerals  are  most  abundant,  as  in 
Scandinavia  and  Forth  America.  [H.  B.] 

On  the  Brachiopods  cmcl  other  Bivalves  of  the  St.  Cassian  Beds. 

By  Dr.  Laube. 
[Proceed.  Imp.  Acad.  Sciences,  Vienna,  March  23,  1865.] 

The  Brachiopods  of  St.  Cassian  offer  a  greater  analogy  in  their 
general  facies  with  those  of  the  Palaeozoic  period  than  those  of  the 
Mesozoic  deposits,  as  Prof.  Suess  has  already  observed  with  respect 
to  the  Brachiopod-fauna  of  the  Hallstatt  strata.  At  all  events,  the 
St.  Cassian  strata  represent  an  important  period  in  the  development  of 

this  class,  three  Palaeozoic  genera,  Cyrtina,  Dav.,  Sjpirigera,  D'Orb., 
and  JRetzia,  King,  finding  in  them  their  last  representatives ;  while 

Spiriferina,  D'Orb.,  not  ascending  above  the  Lias,  first  appears  in 
the  St.  Cassian  strata.  Among  the  other  Brachiopods,  Waldheimia 
and  Thecidium  are  Mesozoic;  and  KonincJcina,  ̂ uess,  and  Am^hi- 
ceina,  Laube,  are  peculiar  to  the  strata  in  question,  and  are  transi- 

tion forms  between  the  Palaeozoic  and  the  Mesozoic  typical  genera. 
Among  thirty  species  described,  ten  are  new.  Only  a  small  number  of 
the  fifty  species  described  by  Count  Miinster  and  lOipstein  have 
proved  admissible,  many  of  them  being  merely  young  forms  of 
established  species.  The  Bivalve-fauna  bears  a  more  general  cha- 

racter, including  however  representatives  of  the  typical  Triassic 
genera,  Cassianella,  Beyr.,  Myophoria,  Bronn,  and  Ilornesia,  Laube. 
This  last  genus,  named  after  Dr.  Homes,  comprises  the  GervilUce  of 

the  "  Muschelkalk,"  bearing  the  type  of  G.  socicdis,  Schloth,  and 
differing  from  the  genuine  GerviUice  by  the  peculiar  structure  of 
their  hiuge,  and  by  a  more  or  less  lengthened  septum  going  through 
the  cavity  of  their  umbones.  Only  about  half  the  number  of  species 
estabhshed  by  Count  Miinster  and  Klipstein  proved  to  be  admissible 
after  close  examination,  many  of  them  having  been  established  on 
mere  fragments,  not  offering  any  decisive  characters,  or  on  figures 
of  questionable  accuracy .  Of  seventy  Bivalves  described  by  Dr.  Laube, 
only  eight  are  new.  [Count  M.] 



TRANSLATIONS  ANi)  NOTICES 

OP 

GEOLOGICAL  MEMOIRS. 

On  the  BiscovEKY  in  Hautaut,  helow  tlie  Saistds  referred  hy  Dtjmont 

to  the  Than^et  Sands,  of  a  coakse  Limestone  with  a  Tertiary 
Eatjna.     By  MM.  F.-L.  Cornet  and  A.  Briart. 
[Note  sur  la  decouverte  dans  le  Hainaut,  en  dessous  des  sables  rapportes  par 

Dumont  au  Systeme  Landenien,  d'un  calcaire  grossier  avec  faune  tertiaire ;  par 
MM.  F.-L.  Cornet  et  A.  Briart.  Bidletin  de  lAcademie  royale  de  Belgique, 
2me  s6rie,  tome  xx.  no.  11]. 

At  Tournay,  Angres,  and  other  localities  in  the  southern  part  of 
Hainaut,  the  Thanet  Sands  (Landenien  inferieur  of  M.  Dumont)  are 
seen  overlying  the  Secondary  formations,  having  at  their  base  a  giau- 
conitic  bed. which  contains  numerous  badly  preserved  fossils.  Among 
these,  however,  there  occurs  abundantly  an  easily  recognizable  shell, 

the  Pholadomya  Koninckii  of  M.  Nyst.  MM.  d'Archiac,  Dumont,  and 
Hebert  considered  this  bed  to  be  the  lowest  of  the  Tertiary  strata  of 

Belgium,  and  the  equivalent  of  the  "  Glauconie  inferieure"  which 
forms  the  base  of  the  Tertiary  formation  of  the  Paris  basin. 

The  object  of  the  authors  is  to  refute  these  opinions  by  proving 
that  there  exists  in  Hainault,  at  a  lower  level  than  the  glauconitic 
beds  of  Tournay,  &c.,  a  fossiliferous  bed,  of  which  the  described 
species  belong  to  a  Tertiary  stage  of  the  Paris  basin,  superior  to  the 
*'  Glauconie  inferieure"  of  M.  d'Archiac. 

At  Limbourg,  in  the  environs  of  Heers,  M.  Dumont  discovered 

some  marly  and  glauconitic  beds  lying  below  his  '^  Landenien  infe- 
rieur;" to  these  he  assigned  the  name  "Heersien,"  and  classed 

them  with  the  Cretaceous  formation  of  Belgium.  M.  Hebert,  how- 
ever, from  palseontological  and  stratigraphical  evidence,  considered 

them  to  be  Tertiary,  and  Sir  C.  Lyell  suggested  the  creation  of  anew 
system,  in  which  should  be  included  the  pisolitic  limestone  of  France, 

and  the  stages  "  Heersien"  and  "  Landenien  inferieur"  of  Belgium. 
From  this  and  other  discoveries,  the  existence  in  Hainault  of  these 

intermediate  beds  had  long  been  suspected.  At  the  beginning  of  this 
year,  M.  Goffint  sank  a  well  on  the  confines  of  the  town  of  Mens, 
near  the  Obourg  station,  to  the  depth  of  68  feet,  when  water  was 
reached.    It  presented  the  following  section,  in  descending  order : — 

1.  Grey  sand,  containing  fragments  of  flint.     3  feet  6  inches  to  4  feet. 
2.  An  irregular  bed  composed  of  fragments  of  flint  and  phthanite.  4  inches 

to  8  inches. 

3.  Yellow  ferruginous  sand,  containing  grains  of  glauconite.  8  inches  to 
12  inches. 

4.  Fragments  of  flint  and  of  coaly  phthanite.     4  inches  to  6  inches. 
5.  Very  glauconitic  sand,  very  green,  and  a  little  argillaceous  in  the  lower 

part,  but  colo\ired  and  soft  in  the  upper  part ;  it  contains  fragments  of  phthanite. 
15  feet  3  inches. 

6.  Very  ferruginous  red  sand,  containing  limonite  and  numerous  masses  of  a 
VOL.  XXII.   PART  II.  D 



12  GEOLOGICAL  MEMOLRS. 

rock  of  the  texture  of  sandstone,  very  slightly  calcareous,  of  a  red  colour  on  the 
outside,  but  a  whitish  grey  in  the  fresh  fractures :  this  rock  contains  numerous 
fragments  of  indeterminable  fossils ;  its  present  position  seems  to  be  the  result 
of  a  reconstruction.     8  inches  to  12  inches. 

7.  Yello^^isll  or  white  limestone  of  a  coarse  texture ;  some  of  its  bands  are 
compact,  others  very  friable ;  in  it  occur  certain  beds,  and  detached  fragments, 
of  a  very  hard  white  rock,  f  inch  to  5  inches  thick,  entirely  soluble  in  acids,  and 
some  of  them  containing  numerous  cavities  full  of  a  pulverulent  lignitic  matter. 

The  appearance  of  some  of  the  hands  of  the  limestone  reminds 

one  of  the  ''  tufFeau"  of  Ciply  and  Maestricht ;  but  the  difference  in 
their  mineralogical  texture  is  easily  detected.  The  palaeontological 
evidence,  however,  leaves  no  doubt  in  this  respect.  An  enormous 
quantity  of  fossils,  in  a  perfect  state  of  preservation,  has  been  pro- 

duced from  all  the  beds  of  the  limestone,  and  even  from  the  beds  and 
detached  fragments  of  the  harder  included  limestone.  From  140  to 
150  species  have  been  collected,  of  which  a  great  number  appear  to 

be  new.  Of  the  known  species,  not  one  is  Cretaceous ;  ̂'  all  belong 
to  the  Tertiary  beds  above  the  Glaueonie  inferieure  of  M.  d'Archiac 
and  the  Sables  de  Bracheux  of  the  Prench  geologists." 

The  following  is  the  list  of  the  fossils  which  the  authors  have 
determined : — 

LAMELLIBRAJfCHS. 

Cytherea  multisulcata,  Desh. 
Cardita  planicosta,  Lam. 
Crassatella  compressa.  Lam. 
Corbula  striata.  Lam. 
Corbis  lamellosa,  Lam. 
Area  biangula,  Lam. 
  modioliformis,  Desk. 
Tellina  rostrahs,  Lam. 
  donacialis,  Lam. 
Lucina  mitis.  Sow. 

Gasteropods. 
Turritella  intermedia,  Desh. 
  imbricataria,  Lam. 
Voluta  spinosa,  Lam. 
Ancillaria  buccinoides,  Lam. 
Mitra  terebellum,  Lam. 
Cerithium  uni sulcatum,  Lam. 
Melanopsis  buccinoides,  Fer. 
Buccinum  sti'omboides.  Lain. 
Nerita  Caronis,  Brong. 
Natica  perforata,  Lam. 
  epiglottina,  Laoii. 
Monodonta  Cerberi,  Brong. 

The  greater  number  of  the  species  which  appear  to  be  new  be- 
long to  the  genus  Nematura,  and  some  others  to  the  genera  Ancil- 
laria and  Auricula. 

The  authors  then  describe  and  compare  several  sections  in  the 
neighbourhood  of  Mons,  by  which  they  endeavour  to  prove  that  the 
glauconitic  sand  (no.  5)  met  with  above  the  fossiliferous  limestone 
of  the  well  of  M.  Goffint  represents  the  base  of  the  Landenien  infe- 
rieur,  and  corresponds  to  the  beds  of  Angres  and  Tournay  with 
Plioladomya  Koninckii. 

Detailed  sections  at  Ciply,  Nimy,  and  other  localities  are  given, 
a  complete  section  of  which  would  represent  the  beds  in  the  following 
ascending  order,  resting  upon  an  eroded  surface  of  the  chalk: — 

1st.  A  very  glauconitic  sand,  shghtly  argillaceous.  In  its  lower 
part  the  grains  of  glauconite  are  comparatively  small  and  numerous, 
and  are  imbedded  in  a  matrix  of  a  whitish-blue  substance,  which 
gradually  becomes  softer  towards  the  upper  part,  while  the  grains  of 
glauconite  become  larger  and  less  numerous.  To  the  south-west  of 
Mons  it  contains  Plioladomya  Koninchii,  more  or  less  abundantly, 
and  at  Ciply  a  fossil  of  the  genus  Area  has  been  discovered. 
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2nd.  Grey  sand,  slightly  glauconitic,  coloured  yellow  in  some 
places.  It  is  impossible  to  draw  a  sharp  line  of  demarcation  between 
this  and  the  lower  bed,  the  passage  of  the  one  into  the  other  being 
characterized  by  an  insensible  diminution  of  the  giauconite  and  the 
white  matrix,  leaving  nothing  but  a  mixture  of  grains  of  quartz 
with  a  few  of  giauconite,  which  gives  to  the  rock  a  greenish-grey 
appearance. 

3rd.  Blue  ferruginous  clay,  variegated  with  yellow. 
4th.  Very  ferruginous  yellow  sand. 
A  section  between  Mons  and  Ath,  obtained  some  years  ago  by 

M.  Lebreton-Dulier  while  sinking  a  shaft  in  a  search  for  coal,  is 
described  as  affording  evidence  of  the  greatest  importance.  After 
passing  through  3^^  feet  of  black  sand  (surface- soil),  and  26  feet  of 
grey  sand  containing  some  grains  of  giauconite,  20  feet  of  very  green 

sand  was  reached,  repos^'ng  upon  the  debris  of  rocks,  of  which  rehable specimens  were  not  obtained. 
This  green  sand  is  in  its  mineralogical  character  identical  with 

that  overlying  the  "  calcaire  grossier"  of  M.  Goffint's  well  (no.  5  of 
section,  p.  11) ;  it  rested  upon  a  soft  greyish-yellow  limestone,  con- 

taining at  different  depths  thin  beds  of  hard  white  limestone.  This 
limestone  was  305  feet  thick,  and  contained  fossils  of  which  eight 
species  have  been  identified  with  those  obtained  from  the  weU  of 
M.  Goffint ;  they  belong  to  the  genera  Nematura,  Melanopsis,  and 
Cerithium. 

The  absence  of  Pholadomya  KonincJdi  from  the  glauconitic  sand 
to  the  north-east  of  Mons  is  ascribed  by  the  authors  to  the  softness 
of  the  "  white  matrix"  (see  p.  12)  in  that  district.  This  softness 
decreases  towards  the  south-west ;  and  near  Angres  and  Tournay, 
in  that  direction,  Pholadomya  KonincTcii  is  abundant. 

The  authors  then  trace  tlie  several  beds  which  they  have  described 
from  the  cemetery  at  Mons  to  about  fojty-four  yards  to  the  north  of 
the  road  to  Charleroi,  where  they  underlie  the  beds  characteristic  of 

the  "  Paniselien"  system  of  M.  Dumont,  which  are  there  seen  in  situ. 
Upon  this  they  remark  that  "  the  glauconitic  bed  of  our  sections,  and, 
with  greater  reason,  the  limestone  with  the  Tertiary  fauna,  which  it 

overlies  to  the  north-west  of  Mons,  are  inferior  to  the  '  Paniselien' 
system  and  to  the  sandy  and  argillaceous  beds  which  form  the  base 
of  it — beds  which  we  refer,  according  to  the  geological  map  of 
M.  Dumont,  to  the  '  Landenien'  and  '  Ypresien'  systems." 

The  "  calcaire  grossier"  of  the  well  of  M.  Goffint  seems  to  occupy 
a  vast  depression  or  hollow  in  the  chalk,  and  to  correspond  in  its 
palseontological  character  to  some  parts  of  the  upper  sands  of  Sois- 
sonnais  (sables  superieiirs  du  Soissonnais)  and  the  "  Calcaire  gros- 

sier "  of  the  Paris  basin. 
In  conclusion,  the  authors  point  out  other  localities,  in  the  neigh- 

bourhood of  Mons,  where  the  same  disposition  of  beds  is  known  to 
occur. 

In  reference  to  this  subject  M.  d'Omalius  d'Halloy,  who,  in  con- 
junction with  M.  Dewalque,  reported  on  MM.  Cornet  and  Briart's 
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paper  to  the  Academy  of  Sciences  of  Brussels,  has  comraunlcated  a 

note  to  the  Geological  Society  of  Erance*,  in  which  he  discusses  the 
question  whether  the  fossiliferous  deposit  discovered  by  them  be  not 

comparable  with  the  "Colonies"  of  M.  Barrande.  He  concludes 
that  their  discovery  adds  a  new  system  to  the  Eocene  deposits 

hitherto  known  in  Belgium,  namely  the  "  Calcaire  grossier  of  Mons," 
which  underlies  all  the  others,  and  which  may  be  considered  the 
precursor  of  the  Calcaire  grossier  of  the  Paris  basin  in  a  district 
where  that  formation  is  not  represented.  He  also  remarks  that  the 

existence  of  this  small  Eocene  basin  of  "  Calcaire  grossier  of  Mons," 
following  the  small  basin  of  tufaceous  chalk  of  Ciply,  is  a  new  indi- 

cation in  favour  of  the"  formation  of  calcareous  deposits  by  causes 
which  are  perpetuated  or  reproduced  in  the  same  localities.     [A.  S.] 

On  the  Envieons  of  Tokay,  Htjngaey.     By  Professor  J.  Szabo. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  September  1865.] 

The  whole  of  these  environs  belong  to  the  Tertiary  period.  The 
eruptive  rocks  are  trachyte  and  rhyolite  ;  those  of  sedimentary  origin 
are  the  results  of  decomposed  or  disaggregated  rhyolite ;  and  last  in 
the  series  comes  the  soil  producing  the  well-known  wines.  The 
ascending  order  of  the  trachytes,  as  to  their  geological  age,  is : — 

Andesitic  trachyte  (Baron  Richthofen's  "  grey  trachyte  ") ;  amphi- 
bolic trachyte  (v.  Hauer's  and  Dr.  Stache's  "genuine"  or  "red 

trachyte"),  less  extended  than  the  first  variety,  but  forming  important 
and  lofty  mountain-groups  in  the  south  portion  of  the  chain  between 
Eperies  and  Tokay;  Beudant's  "Trachyte  micace  amphibolique," 
the  extreme  link  of  the  amphibolic  trachyte  near  Yissegrad,  is  want- 

ing in  the  Kegjallia  or  viniferous  hill-range  of  Tokay.  The  rhyolites 
differ  from  the  trachytes  proper  by  the  crystallized  quartz  of  primary 
formation,  and  by  the  nature  of  the  felspars  entering  into  their  com- 

position, which  contain  a  large  proportion  of  silica  combined  with 
lime  and  soda.  Sanidine  is  but  of  subordinate  occurrence.  The 

rhyolites  e^ddently  owe  their  origin  to  submarine  eruptions  having 
taken  place  after  the  trachytes  had  been  completely  formed.  The 
two  rocks,  although  once  in  mechanical  contact,  are  in  no  way  con- 

nected as  to  their  mode  of  formation.  The  marine  shells  included 

in  the  rhyolites  make  it  probable  that  their  eruption  began  contem- 
poraneously with  the  deposition  of  Leithakalk,  and  ended  with  the 

beginning  of  the  Cerithium-beds  (consequently  before  the  eruption 
of  the  basalts  of  Northern  Hungary,  which  are  frequently  in  contact 
with  rhyolites  and  include  fragments  of  them),  while  the  trachytes 
may  be  supposed  to  belong  to  the  Oligocene  or  even  the  Eocene 
period.     The  varieties  of  rhyolite  are : — 

a.  Trachytic  rhyolite,  dark- coloured,  porphyroid,  passing  into 
perlite,  sphaerulite,  and  white  tufaceous  rhyolite.  This  is  the  type 
of  original  rhyolite  before  its  chemical  and  physical  alteration  by 

*  Bull.  Soc.  Gcol.  de  France,  2^^  serie,  vol.  xxiii.  pp.  11-43. 
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contact  with  sea-water,  which,  in  the  course  of  time,  alters  it  into 
vitreous  clear- coloured  varieties,  then  into  pumice,  and  finally  into  a 
white  vitreous  powder,  which,  mixed  with  larger  fragments  of  theso 
and  the  preceding  products  of  alteration,  constitutes  a  pumice-con- 

glomerate. The  vitreous  varieties  give  rise  to  obsidian-  and  perlite- 
porphyries. 

h.  Lithoid  rhy elites,  the  substance  of  the  upper  portion  of  a  rhyolitic 
volcano,  seem  to  have  been  produced  by  a  later  eruption,  beginning 

with  vitreous  substances,  and  pass'ng  upwards  into  genuine  lithoid 
lavas.  Dark  colours  are  of  rare  occurrence  among  them;  the  in- 

cluded particles  of  quartz  and  felspar  diminish  to  a  very  small  size, 
and  sometimes  the  substance  appears  homogeneous.  The  lower  por- 

tions are  homogeneous  obsidian,  the  result  of  rapid  solidification ;  or 
genuine  perhte,  sometimes  with  a  nucleus  of  obsidian.  Sphaerulitcs 
of  radiated  or  dendritic  structure  are  segregated  from  the  rhyolitcs 
of  the  Hagyallya. 

c.  Sedimentary  breccias  and  tuft's,  as  mere  agglomerations  near 
the  places  of  eruption,  and  at  some  distance  from  them  more  or 
less  stratified  with  marine  shells,  as  Cerithium  lignitarum,  Area,  and 

Pecten.  These  strata,  solidified  by  infiltration,  are  Beudant's  "  mill- 
stone porphyries."  The  younger  tufaceous  strata,  subsequently 

solidified  by  access  of  silica,  lie  nearly  horizontallj^  and  contain 
species  of  Cerithium  and  Cardimn  of  the  Cerithian  strata. 

d.  Ehyolitic  trass,  resting  on  the  primary  volcanic  tuff's,  eff'erves- 
cing  with  acids,  and  partly  decomposed  into  clay.  The  non-volatile 
substances  contained  in  the  water  of  the  sea,  beneath  whose  level 
these  rhyolites  have  been  raised,  have  had  a  chemical  action  on  them. 
In  the  first  place,  the  oxide  of  iron  has  been  converted  into  a  soluble 
substance,  sesquichloride  of  iron,  which,  having  been  washed  out, 
left  rocks  of  gradually  paler  tints,  until  the  uppermost  of  them 
became  completely  white.  Then  an  addition  of  sodium  may  have 
made  them  more  fusible  ;  and  the  sulphur  of  the  pyrites  which 
was  originally  included  in  them,  and  of  which  traces  still  occur, 
may  have  been  oxidized  into  sulphuric  acid,  still  occurring  in  the 
white  varieties  of  rhyolite  (probably  in  the  form  of  a  mechanical 
aggregation  of  sulphates  and  silicates).  When  submitted  to  red  heat 
and  to  decomposition  under  the  action  of  water,  these  white  rocks 
treated  with  hot  water  give  a  considerable  proportion  of  alum.  An 
extensive  upheaval  took  place  at  the  end  of  the  rhyolitic  period ;  and 
in  consequence  of  it,  several  closed  freshwater  basins,  excavated  in 

rhyolitic  breccias  and  tuff's  and  receiving  the  waters  of  siliciferous 
thermal  springs,  were  formed  around  the  margin  of  the  group  of 
rhyolitic  islands.  The  lowermost  deposit  in  these  basins  is  a  stratum 
of  silicified  mud,  with  specimens  of  Planorhis  deprived  of  their  calca- 

reous shell.  Then  follows  quartzite,  with  plenty  of  silicified  trunks 
of  trees  and  other  vegetable  fragments,  all  transported  by  waters 
from  without, — or  menilite,  easily  decomposed  by  water,  the  soluble 
variety  of  silica  occurring  in  the  upper  strata  under  the  form  of 
white,  loose,  and  very  thin  layers  composed  of  Diatomacece,  with 
fine  impressions  of  leaves  on  their  planes  of  contact. 
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The  productive  soil  around  Tokay  offers  three  distinct  varieties : — 
A.  Argillaceous  soil,  immediately  originating  from  the  superficial 
decomposition  of  trachyte,  without  any  organic  remains,  not  effer- 

vescent with  acids ;  this  soil  is  the  prevailing  one,  and  gives  the  best 
and  strongest  wines.  B.  Ehyolitic  tufaceous  soil,  less  fit  for  vini- 

culture than  A.  C.  Diluvial  loam-soil,  occurring  to  some  extent 
only  on  a  hill  next  to  Tokay,  producing  wines  of  inferior  quality. 

[Count  M.] 

EozooN  in  AusTEiA.     By  Professor  Hochstettek. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  January  1866.] 

In  South-western  Bohemia  an  extensive  system  of  strata,  in  which 
metamorphic  schistose  rocks  prevail,  extends  from  the  "  Bohmer- 

"wald  "  and  "  Bayrische  Wald  "  to  the  north  banks  of  the  Danube. 
This  system,  hitherto  ranked  among  the  Azoic  rocks,  is  unconform- 

ably  overlain  by  the  Ginetz  beds,  containing  M.  Barrande's  "  Pri- 
mordial fauna,"  and  by  Pribram  Greywacke,  in  which  Dr.  Pritsch 

has  found  traces  of  Annelids.  Prof.  Hochstetter,  after  long  and 
laborious  search,  succeeded  in  finding,  in  the  crystalline  limestone  of 
Krummau,  agglomerations  of  calcareous  spar  and  serpentine,  which 
have  been  declared  by  Dr.  Carpenter,  to  whom  specimens  had 
been  sent  for  examination,  to  .be  undoubted  remains  of  Eozobn. 
Prof.  Hochstetter  thinks  the  lenticular  nodules  partly  composed 
of  calcareous  spar  and  serpentine,  so  abundant  in  the  vicinity  of  the 
graphitic  beds  of  Schwarzenbach  and  Mugerau,  to  be  possibly  of 
organic  origin.  Prof.  Giimbel,  of  Munich,  has  lately  ascertained 

the  existence  of  Eozobn  in  the  crystalline  limestones  of  the  '*  Bay- 
rische Wald." 

Prof.  Hochstetter  correlates  as  follows  the  pre- Silurian  or  Eozoic 
strata  of  the  "  Bohmerwald "  and  the  frontier-mountains  between 
Bohemia  and  Bavaria,  with  the  analogous  formations  in  England 
and  ISTorth  America : — 

Bohemia.  England.  JSTorth  America, 

a.  G-inetz     strata  with  M. "] 

Pribram  Greywacke.  J 
b.  Pribram       slates      withi 

traces  of  Annelids.  I  Lower  Cambrian        1  jj^p^j^ian  system 
Primordial    argillaceous  [     (Longmyndgroup).  J  "^ 
slate.'  J 

c.  Micaceous  slate.  ?  Upper  Laurentian  system. 

d.  Prof.  Giimbel's  "  Hercy- 1  Sir  E.  I.  Murchison's  1 
nian"       gneiss-forma-  I      "  fundamental  \  Lower  Laurentian  system, 
tion.  J      gneiss "  (partly).      J 

e.  Prof.  Giimbel's  "Bojic"1  -i    
gneiss-formation.  J 

[Count  M.] 
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The  Fauna  of  the  Lower  Oltgocene  Tertiary  Beds  of  Helmstadt, 
near  Brunswick.     By  Herr  V.  Koenen. 

[Die  Fauna  der  Unter-Oligocanen  Tertiar  schichten  von  Helmstadt  bei  Braun- 
schweig. Von  Herrn  v.  Koenen.  Zeitschrift  der  Deutschen  geologischen 

Gesellschaft,  Band  xvii.  pp.  459-534,  1865.] 

The  author  begins  his  Memoir  with  an  historical  notice  of  the  dis- 
coveries respecting  these  middle  Tertiaries  from  the  time  of  Miinster 

and  Goldfuss  to  the  day  when  Beyrich  introduced  the  term  ''  Oligo- 
cene"  between  the  Eocene  and  Miocene  of  Lyell,  for  beds,  the 
whole  series  of  which  only  occur  in  J^orth  Germany,  where  they  are 
purely  marine,  and  therefore  can  in  that  region  only  he  fully 
studied  and  understood.  He  then  proceeds  to  point  out  what  he 
considers  a  want  of  due  appreciation  of  the  Oligocene  system  on  the 
part  of  Sir  Charles  Lyell,  who  places  the  Headon  and  Bembridge 
beds  in  the  Eocene,  and  the  Lower  Oligocene,  on  the  other  hand,  in 
the  Miocene  system.  He  calls  attention  to  his  Memoir  published  in 
the  Quarterly  Journal  for  1864,  p.  98,  in  which  he  has  shown  that 
the  Headon  series  is  the  exact  equivalent  of  the  Lower  Oligocene, 
inasmuch  as  out  of  bQ  marine  species,  6  are  peculiar  to  the  Headon 
series,  and  of  the  remaining  50,  43  occur  in  the  Lower  Oligocene, 
23  being  peculiar  to  it,  whilst  only  21  species  occur  in  the  Upper 
Eocene  (Barton).  He  then  shows  that  every  one  of  the  152  species 
from  Edeghem,  as  quoted  by  j^yst,  occurs  in  the  Black  Sand  (Lower 

Crag)  of  Antwerp  ('  Systeme  Diestien  '  of  Dumont),  and  that  con- 
sequently it  is  incorrect  to  separate  the  Edeghem  beds  from  the 

Black  Sand  of  Antwerp. 
Herr  v.  Koenen  then  points  out  the  vast  increase  of  material 

which  has  been  obtained  for  the  better  knowledge  of  the  Oligocene 
beds,  since  Prof.  Beyrich  first  began  his  excellent  work  on  the  shells 
of  the  North  German  Tertiary  beds,  but  which  he  has  so  long  left 
incomplete.  These  fossils  have  been  obtained  chiefly  from  the 
Middle  Oligocene  of  Sollingen,  and  the  Lower  Oligocene  in  the  neigh- 

bourhood of  Magdeburg.  Other  localities  are  also  mentioned,  most  of 
which  had  been  already  alluded  to  by  the  author  in  a  Memoir  published 

in  the  '  Zeits.  d.  Deutsch.  Geol.  Ges.'  1863.  p.  612,  on  the  extent  of 
the  fossiliferous  beds  of  this  formation.  The  green  sands  and  yellow 
clays  of  Helmstadt  were  then  pronounced  by  the  author  to  be  Lower 
Oligocene.  Somewhat  later  Herr  v.  Strombeck,  after  a  careful  in- 

vestigation of  the  beds  in  question,  came  to  the  same  conclusion, 
that  they  were  Lower  Oligocene.  But  in  order  to  remove  the  possi- 

bility of  a  doubt,  Herr  v.  Koenen  undertook  the  palaeontological 
question  by  carefully  working  out  the  fauna  of  the  Helmstadt  beds. 
Numerous  collections,  both  from  German  localities,  and  from  Belgium 
and  England,  were  placed  at  his  disposal,  and  he  particularly  alludes 
to  Mr.  Edwards  as  having  afforded  him  the  greatest  assistance. 

The  following  section  of  the  stratification  at  Helmstadt  is  taken 
VOL.  II. — part  II.  E 
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from  Herr  v.  Strombeck's  work,  and  is  derived  from  a  shaft  sunk  to 
the  brown  coal  about  half  a  mile  to  the  west  of  Helmstadt. 

ft.  in. 
(a)  Soil    6  5 
(b)  Gravel    3  1 
(c)  Green  sand    30  8 
{d)  Green  clay  with  sand    28  4 
(e)  Grey  calcareous  sandstone       4  2 
(/)  Green  marly  sand       11  8 
(g)  Grey  clayey  sand  with  iron  pyrites     ....  10  10 

(h)  Brown  coal    .  .*    20  0 
giving  a  total  thickness  of  95  feet  2  inches  above  the  brown  coal. 

The  fossils  occur  chiefly  in  bed  /,  except  a  few  in  e,  but  these  are- 
identically  the  same  as  in  /.  The  hard  stone  e  is  also  petrogra- 
phically  the  same  as  that  which  occiu's  sometimes  in  single  blocks, 
sometimes  in  tabular  masses  near  Lattorf,  Calbe,  Eggersdorf,  Neu- 
Gottersleben,  Aschersleben,  Wolmirsleben,  &c.,  with  typical  Lower 
Oligocene  fossils. 

After  describing  the  extent  of  the  Brown  Coal  beds  from  Helm- 
stadt to  Westeregeln,  &c.,  he  refers  to  some  grey-yellow  clay  beds 

south  of  Helmstadt,  which  from  their  fossil  contents,  Cassis  coronata, 
Desh.,  Crassatella  Woodli,  v.  Koenen,  Pecten  corneus,  Sow.,  Isocardia 
multicostata,  Nyst.,  Cardita  latisulca,  Nyst.,  Ostrea  Qaeteletii,  Nyst., 
arid  Ostrea  ventilabrum,  Goldf.,  must  also  be  considered  as  Lower 
Oligocene.  The  author  then  endeavours  to  correct  the  errors  in  the 

nomenclature  adopted  by  Prof.  Giebel  in  his  '  Eauna  der  Braunkohlen 
Formation  von  Lattorf,'  owing  to  his  want  of  proper  means  of  com- 

paring the  Lattorf  fossils  with  those  of  other  localities  ;  and  he  adds 
corrected  lists  of  the  fossils  published  on  the  four  plates  of  Prof. 

Giebel's  work,  and  warns  geologists  against  the  too  hasty  adoption  of 
Giebel's  names,  and  defends  Mr.  Edwards  against  the  unfair  charges 
and  attacks  brought  ag-ainst  him  by  Prof.  Giebel. 

Herr  v.  Koenen  then  proceeds  to  give  a  full  and  critical  description 
of  the  122  species  (omitting  five  species  of  corals)  which  have  been 
found  at  Helmstadt,  pointing  out  their  analogues  or  identical  forms 
in  other  districts,  and  showing  where  the  same  species  occur  in  other 
Oligocene  formations,  or  in  older  or  younger  beds ;  amongst  these 
are  seven  species  of  Oancellaria,  13  of  Fasus,  4  of  Conus,  22  of 
PUurotoma,  5  of  Valuta,  4  of  Leda.  This  is  followed  by  a  tabular 
statement  of  the  whole  Molluscous  fauna  of  Helmstadt,  from  which 

he  deduces  the  following  conclusions.  "  If  we  deduct  from  these 
128  species  the  diowhiivl  Nautilus  imperialis,  Sow.,  and  the  17  species 
hitherto  peculiar  to  Helmstadt,  we  have  a  remainder  of  110  species, 
of  which  100  are  known  to  occur  in  other  Lower  Oligocene  localities, 
whilst  only  31  are  known  as  Upper  Eocene  and  30  as  Middle  Eocene 
fossils.  There  can  therefore  be  no  doubt  that  the  beds  of  Helm- 

stadt are  also  Lower  Oligocene,  the  more  so  as  of  these  100  species 
59  occur  only  in  the  other  Lower  Oligocene,  or  in  younger  beds,  but 
not  in  older  ones.  The  number  of  species  which  otherwise  occur 
only  in  the  Middle  Eocene,  but  not  in  the  Upper  Eocene,  is  only 
four,    namely    Cancellaria    subangulosa,    Wood,    var.    rotundata^ 
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V.  Koenen,  Pleurotoma  turbida,  Sol.,  var.  ligata,  Edw.,  P.  atienuata. 
Sow.,  and  Solarium  pidchrum,  Sow.  He  then  alludes  to  the  diffi- 

culties occasioned  by  the  anomalous  occurrence  of  certain  forms  in 
two  distinct  beds,  when  they  are  wanting  in  the  intermediate  bed ; 
and  he  concludes  with  the  hope  that,  although  some  modifications 
may  hereafter  be  rendered  necessary,  in  conseqaence  of  more  perfect 
materials  for  comparison,  the  labours  of  future  explorers  will  be 
facilitated  by  the  work  which  he  has  already  done,  and  the  careful 
comparison  he  has  made.  [W.  J.  H.] 

On  the  Ntjmmulitic  Strata  of  Northern  Italy  and  the  Alps,  and 
on  the  Oligocene  of  Germain r.     By  M.  E.  Hebert. 

[Note  sur  le  terrain  nummulitique  de  I'ltalie  septentrionale  et  des  Alpes,  et 
sur  I'oligocene  d'AUemagne  ;  par  M.  Ed.  Hebert.  Bull.  Soc.  G60I.  de  France. 
Deuxieme  serie.     Tome  xxiii.  pp.  126-144.] 

The  Tertiary  deposits  of  the  Northern  Apennines  have  been  sub- 
divided by  the  Marquis  Pareto,*  in  the  following  manner : — 

EOCEKE. 

1.  Etage  Niceen. — The  Nummulitic  limestones  of  Nice  and  the 
^  Alps,  overlain  by  great  deposits  of  macignos  and  flysch. 

2.  Etage  Ligurien. — Grey  macignos,  with  alternations  of  lime- 
^  stones  and  argillaceous  schists. 

3.  Etage  Modenais  or  Calcaire  a  Fucoides. — The  upper  part  of 
the  last  stage  where  the  limestones  predominate. 

Miocene. 

1.  Etage  Bormidien. — Beds  of  Dego,  Carcare,  &c.,  with  Nmn^ 
mulites  interinedia,  with  the  intercalated  lignites  and  lacus- 

trine beds  of  the  horizon  of  Cadibona.    M.  Pareto  ultimately 
classed  in  this  division  all  the  Nummulitic  strata  of  the 

,  Yicentin  and  theYeronais,  except  Monte  Bolca. 
2.  Etage  Langhien. — The  marly  grey  sands,  molasse,  and  ophi- 

olitic  sands  of  the  Colline  de  Turin,  characterized  by  fossils 
^  of  the  Paluns  of  Bordeaux. 

3.  Etage  SerravaUien. — Marly,  grey,  and  yellow  sands,  &c. 
M.  Hebert  considers  it  now  possible,  upon  palseontological  grounds 

alone,  to  arrive  at  a  more  precise,  and  even  a  more  detailed  classifi- 
cation that  that  of  M.  Pareto.  In  1854,  M.  Eenevier  and  the 

author  showed  that  it  was  necessary  to  detach  from  the  great  Num- 
mulitic  mass  certain  beds  at  Saint-Bonnet  and  Eaudon,  in  the  High 
Alps,  in  the  Diablerets  in  Switzerland,  and  at  Pernant,  Entre- 
vernes,  &c,  in  Savoy,  which  are  overlain  by  the  variegated  sand- 

stone and  macignos  to  which  the  name  of  "Elysch"  has  been  given. 
These  beds,  to  which  the  term  "  Terrain  Nummulitique  superieur," 
was  applied,  are  more  recent  than  the  other  beds  of  the  Nummulitic 

series,  and  contain  fossils  characteristic  of  the  Paris  "  Calcaire  gros- 
sier  "  and  "  Sables  de  Eontainebleau."  M.  E.  Sismonda  adopted  this 
distinction,  and  in  the  following  year  discovered  a  still  more  recent 
Nummulitic  series  in  the  valley  of  Bormida. 

*  Bull.  Soc.  Geol.  France.     Tome  Ixxi.  p.  245, e  2 
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M.  E.  Sismonda  referred  all  these  groups  to  the  Eocene,  consider- 
ing the  middle  one  as  the  equivalent  of  the  Eocene  of  the  Paris 

Basin.  M.  Pareto*,  however,  clearly  showed  a  separation  between 
the  Elysch  and  the  "  Calcaires  a  Fucoides  "  on  the  one  part,  and  the 
npper  Nnmmulitic  zone  on  the  other ;  there  is  also  an  incontestable 
relation  between  the  true  Miocene  and  this  upper  zone,  which  over- 

lies, at  Sassello  and  at  Carcare,  lignites  with  Cyrena  Brongniarti, 
Bast.  (C.  C07ivexa,  Brong.),  and  Cerithium  margaritaceum,  Brocc, 
and  which  he  considers  the  equivalent  of  the  lignites  of  Cadibona. 

Erom  this  it  results  that  the  great  Nummulitic  system  of  the 
Alps  and  Northern  Italy  presents  three  groups  of  different  ages, 
namely,  the  Nummulitic  formations  (1)  of  Nice,  (2)  of  the  High  Alps, 
and  (3)  of  Bormida,  of  which  the  two  lower  groups  are  Eocene,  and 
the  upper  one  Miocene. 

Two  or  three  years  ago  the  author  procured  a  series  of  fossils  from 
the  Yicentin,  and  while  grouping  them  according  to  their  localities, 
was  struck  with  the  difference  and  the  independence  of  the  faunae  so 
separated.  Erom  an  examination  of  these  fossils  he  has  concluded 
that  in  the  Yicentin  there  are  different  beds  corresponding  to  the 
different  stages  of  the  Tertiary  series  of  Paris,  namely  : — 

1.  The  beds  of  Priabona  (Yalle  di  Boro)  are  the  equivalents  of 
the  Biarritz,  that  is  of  the  Lower,  Eocene.  To  this  level  also  belong, 
on  the  one  side  Bolca,  and  on  the  other  Brandola,  and  some  other 
localities  of  Monte  Berici,  and  probably  also  Yal  Kovina,  and  Monte- 
glosso,  near  Bassano,  to  the  north-east  of  Salcedo. 

2.  San  Giovanni  Ilarione  and  San  Pietro  Mussolino  are  synchro- 
nous with  the  "  Calcaire  Grossier  Inferieur." 

3.  Yillagrande,  near  Eonca,  is  contemporaneous  with  the  "calcaire 
grossier  superieur,"  including,  perhaps,  the  "  sables  de  Beauchamp." 

4.  Castel  Gomberto  (Monte  Grumi,  San  Yalentino),  Montecchio 

maggiore  (la  Trinita),  Monte  Carloto  near  Monteviale,  Monte  Pos- 
tale,  and,  further  north,  Salcedo  to  the  north  of  Bregauze,  and 
Sangonini  near  Monte  Sumano,  and  to  the  north-east  Schio,  cor- 

respond exactly  to  the  horizon  of  Gaas  and  the  lower  part  of  the 
"  Sables  de  Eontainebleau." 

There  is  between  Eonca  and  Castel-Gomberto  a  considerable  gap, 
which  is  filled  up  in  the  Alps  by  the  limestones  with  Nummulites 

striata  and  N.  contorta,  the  Elysch,  and  the  "  Calcaire  a  Eucoides." 
These  deposits,  then,  become  synchronous  with  the  gypsum,  and  re- 

present the  Upper  Eocene.  The  system  of  the  valley  of  Bormida 
presents  a  remarkable  admixture  of  the  fossils  of  the  Lower  Miocene 

of  Castel-Gomberto,  and  of  the  "  Sables  de  Eontainebleau"  with  the 
middle  Miocene  fossils  of  Touraine  and  of  the  Superga.  This  system 

is,  then,  posterior  to  that  of  Castel-Gomberto,  and  as  it  is  anterior  to 
that  of  the  Superga,  it  must  be  placed  upon  the  level  of  the  "  Cal- 

caire de  Beauce,"  of  which  it  constitutes  the  marine  equivalent. 
The  author  then  gives  it  as  his  opinion  that  the  mountain  masses 

to  the  north,  in  the  Yicentin  and  the  Yeronais,  and  to  the  south,  in 
the  Ligurian  Apennines,  which  form  the  great  basin  of  the  Po,  have 
been  during  the  Tertiary  period  subjected  to  an  oscillatory  move- 

ment, which  alternately  elevated  the  northern  and  depressed  the 

*  Bull.  Soc.  Geol.  France,  2^  Ser.,  tome  xii.  p.  370. 
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southern  part,  and  vice  versa,  during  which  the  deposition  of  the 
several  beds  was  taking  place. 

In  the  long  succession  of  faunse  and  physical  phenomena  de- 
scribed by  M.  Hebert,  it  is  between  the  Nummulitic  fauna  of  the 

High  Alps  and  that  of  Castel-Gomberto  that  the  greatest  difference 
is  manifested,  and  it  is  there  where  M.  Pareto,  incorrectly  as  the 
author  thinks,  places  the  limit  between  the  Miocene  and  the  Eocene. 

An  intimate  relation  exists  between  the  beds  of  Castel-Gomberto 
and  Salcedo,  and  the  Upper  Nummulitic  beds  of  the  Bormida,  and 
between  these  latter  and  the  true  Miocene  of  the  Superga,  and  of 
Leognan,  or  of  Touraine. 

An  altogether  analogous  succession  unites  together,  in  Aquitaine, 
Gaas  and  Leognan,  and  M.  Hebert  considers  that  at  present  it  does 
not  appear  necessary  to  add  to  the  three  great  divisions  of  the  Tertiary 
a  fourth — the  Oligocene, — which  is  included  in  his  Lower  Miocene. 

If  in  the  north  of  Europe  this  Oligocene  presents  great  differences 
from  the  Miocene  (Middle  Miocene),  it  only  shows  that  the  upper 
part  of  this  group  is  not  generally  represented  by  a  freshwater  forma- 

tion ;  but  the  continuity  is  found  again  in  the  south,  and  there  it  is 
not  possible  to  admit  the  Oligocene.  There  is  not  then  sufficient  rea- 

son to  change  the  ternary  division  of  the  Tertiary  strata,  and  the 
best  line  of  demarcation  between  the  middle  and  lower  group  will 
remain  that  which,  in  a  general  manner,  M.  Elie  de  Beaumont  has 
indicated,  namely,  below  the  Fontainebleau  sands,  and  which  the 
author  has  attempted  to  define  more  clearly  by  fixing  it  between 
the  freshwater  marls  above  the  gypsum,  and  the  marls  with  Cyrena 
convecca  and  Cerithium  plicatum,  &c.,  below  the  Calcaire  de  Brie. 

A  paper  by  M.  Beyrich,  published  in  1858,  in  the  "  Berichte  "  of 
the  Academy  of  Berlin*,  is  then  noticed  by  M.  Hebert,  who  says 
that  the  author  has,  in  some  instances,  given  to  his  statements  a 
meaning  which  was  not  exactly  intended.  Eor  instance,  his  opinion 
that  although  the  sea  of  the  Faluns  of  Touraine  differed  as  much 
from  the  sea  of  the  Fontainebleau  sands,  as  these  from  the  sea  of  the 

*'  Calcaire  grossier,"  it  was  preferable  to  adhere  to  the  ternary  divi- 
sion, has  been  rendered  altogether  differently  in  the  German  text. 

M.  Beyrich  has  placed  the  Fontainebleau  sands  as  the  equivalent 
of  his  Middle  Oligocene,  and  the  gypsum  of  Montmartre  as  syn- 

chronous with  the  Lower  Oligocene,  which  would  be  represented  in 
Belgium  by  the  lower  beds  of  Limbourg.  This  classification,  M. 
Hebert  thinks,  cannot  be  justified  by  facts.  First  of  all,  in  the 
Paris  basin  the  gypsum  belongs  certainly  to  the  lower  part : — 

(1)  By  the  marine  bands  intercalated  with  its  lower  beds,  of 
which  the  fauna  is  identical  with  that  from  the  marls  with^  Phola- 
domya  Ludensis,  which  belong  to  the  Beauchamp  sands  ;  (2)  by 
the  freshwater  beds  above  the  gypsum,  the  fauna  of  which  ap- 

proaches nearer  to  that  of  the  Saint- Ouen  limestone,  situated  below 
the  gypsum,  and  the  marine  marls  with  P.  Ludensis,  than  of  that 
of  the  Brie  limestone ;  (3)  by  the  contained  Mammifers,  which  it 
would  be  difficult  to  associate  with  those  from  the  Beauce  lime- 

stone, this  being  the  consequence  of  classing  the  latter  as  Upper 
Oligocene,  and  the  gypsum  as  Lower  Oligocene. 

*  See  also  Quart.  Journ.  Geol.  Soc.  vol.  xx.  Part  2,  Ui^iscell.  p.  5* 
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In  the  second  place,  the  fauna  of  the  Lower  Oligocene,  as  far 
as  the  author  was  able  to  judge  in  his  journey  to  Latdorf,  seemed 
to  be  singularly  analogous  to  the  fauna,  not  of  the  first  maiine 
beds  of  the  Fontainebleau  sands,  but  to  those  of  Morigny,  near 
Etampes,  superior  to  the  marine  marls  of  Montmartre.  Erom 
Latdorf  about  lorty  species  were  obtained,  and  the  author  has  not 
been  able  to  establish  the  identity  of  one  of  them  with  Eocene 
forms.  While  admitting  that  the  fauna  of  the  Lower  Oligocene 
may  be  anterior  to  that  of  Morigny,  he  considers  that  there  is  still 
enough  margin  between  this  zone  and  the  gypsum  in  which  to 
class  it,  without  separating  it  from  the  Lower  Miocene ;  for  in  the 
Paris  basin,  between  the  horizon  of  Morigny  and  the  freshwater 
marls  above  the  gypsum,  which  M.  Hebert  considers  as  the  upper 
limit  of  the  Eocene,  there  are,  (1)  sands  and  marls  with  Natica 
crassatina,  Deshayesia  cochlearea,  Brong.,  &c.  (2)  Freshwater  lime- 

stones and  "  meulieres  "  of  Brie.  (3)  Green  and  yellow  marls  with 
Cyrena  convexa,  Brong.  sp.,  Psammohia  plana,  Brong.  sp.,  Ceri- 

thium  pUcatum,  Lam.,  C.  trochleare,  Lam.,  Bithynia  plicata,  d'Arch. 
and  de  Yerneuil,  sp. 

There  is  not  sufficient  reason  to  place  the  Lower  Oligocene  below 
the  last  of  these. 

The  lignites  upon  which  the  marine  beds  of  Latdorf  rest,  and 

generally  the  Lower  Oligocene,  may,  the  author  admits,  possibly  cor- 
respond to  the  gypsum,  although  it  is  impossible  to  assign  a  definite 

place  to  it  until  after  the  discovery  in  it  of  organic  remains.  He 
also  thinks  that  the  beds  of  Limbourg  may  be  ranged  with  the 
Middle  and  Lower  Oligocene  of  M.  Beyrich,  but  considers  that  too 
much  haste  has  been  shown  in  identifying  the  Lower  Oligocene  of 
Belgium  and  Germany  with  the  U]3per  Eocene  of  England,  especi- 

ally with  the  Barton  clay. 
The  idea  of  a  general  catastrophe  putting  an  end  to  the  Eocene 

fauna,  which  had  been  attributed  to  the  author  by  M.  Beyrich,  is 
denied,  and  a  more  gradual  operation,  such  as  accompanies  all  general 
movements  of  the  surface,  is  maintained  to  have  been  the  cause. 
The  author  then  gives  a  Table  showing  the  correlation  of  the  beds 
belonging  to  the  Lower  Miocene  in  France,  Germany,  and  Belgium. 

Upper  bed  .. 
^  «      Middle  bed.. 

I  Lower  bed 

Upper  Eocene     ... 

Middle  Eocene(up- 
per  bed)    

France. 

Beauce  limestone. 
Sands  of  Etampes . 

Erie  limestone  and 
marls  with  Cy- 
renaB       

■j  Gypsum    i 

Beauchamp  sands 

Germany. 

Upper  Oligocene  . Middle  Oligocene 

V  Lower  Oligocene 

?  Lignites   of  Lat- dorf, &c   Missing 

Belgium. 

Upper  Limbourg. 

Lower  Limbourg. 

I-  Missing. 

Missing. 

M.  Hebert  attempts  to  show  that  it  is  more  probable  that  the 
Middle  Oligocene  of  the  basin  of  the  Ehine,  and  of  Switzerland  is 
related  to  the  beds  of  Tongres  and  of  Maestricht  than,  as  M.  Bey- 
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rich  considers,  to  those  in  the  environs  of  Orleans,  and  he  denies 

that  he,  in  conjunction  with  M.  Eenevier,  ever  asserted  that  the 
Nnmmulitic  strata  of  the  High  Alps  are  contemporaneous  with  the 

"  Sables  de  Fontainebleau ;"  but,  on  the  contrary,  that  he  had 
refererd  them  to  the  gypsum. 

Lastly,  M.  Hebert  says  he  is  still  of  opinion  that  the  Barton  clay 
is  synchronous  with  the  lower  part  of  the  Beauchamp  sands,  and  the 
Headon  sands  with  the  upper  part.  The  upper  part  of  the  beds  of 
Colwell  Bay  belong  to  the  Fontainebleau  sands,  and  the  fossils  of  the 
gypsum  are  found  between  these  two  horizons  in  the  freshwater 
formation  of  Hordwell.  No  new  reason  has  been  shown  for  classing 

the  gypsum  in  the  Lower  Oligocene. 
The  conclusions  at  which  the  author  has  arrived  are  these : — that 

the  Lower  and  Middle  Tertiary  series,  regarded  in  the  north  and 

south  of  Europe,  present  their  maximum  of  difference,  both  palaeon- 
tological  and  stratigraphical,  between  the  gypsum  and  the  base  of 
the  Fontainebleau  sands  on  the  one  part,  and  between  the  Flysch  and 
the  beds  of  Castel-Gomberto  on  the  other ;  and  that  it  is  there  where 
the  limit  between  the  Eocene  and  the  Lower  Miocene,  or  Oligocene, 
should  be  placed.  This  last  is  allied  much  more  with  the  Miocene, 
properly  so  called,  or  Middle  Miocene,  than  with  the  most  recent 
Eocene  beds. 

At  the  epoch  of  the  gypsum  the  sea  retired  from  the  north, 
where,  in  the  opinion  of  the  author,  there  does  not  exist  any  marine 
equivalent  of  the  beds  with  Palceotherivm,  and  advanced  to  the 
south,  where  it  penetrated  to  the  Alps,  and  occupied  a  part  of 
Switzerland,  but  without  communicating  with  the  depression  already 
existing  in  the  valley  of  the  Rhine.  Afterwards,  when  at  the  com- 

mencement of  the  Miocene  epoch,  the  sea  extended  to  the  north  of 
Germany,  it  withdrew  from  the  Alps  to  the  Vicentin  gulf.  On  both 
sides,  it  seems  weU.  proved  that  during  the  period  which  this  study 
embraces,  it  was  at  this  time  that  occurred  the  greatest  differences 
in  the  general  distribution  of  sea  and  land  in  Europe.  [A.  S.] 

On  the  OcciTERENCE  of  EozooN  in  the  Peimary  Rocks  of  Eastern 
Bavaria.     By  Prof.  Gtjmbel. 

[Ueber  das  Vorkommen  von  Eozoon  in  dem  ostbayerischen  Urgebirge.  Yon 
Herrn  Giimbel.  Sitzungsberichte  der  konigl.  bayer  Akademie  der  Wis- 
senschaften  zu  Miinchen.  1866, 1.  Heft  1.  pp.  25-70.  3  plates.] 

Prof.  Giimbel  introduces  the  special  subject  of  his  memoir  by  a 
concise  exposition  of  the  facts  relating  to  the  discovery  and  deter- 

mination of  Eozoon,  including  its  structure,  mineral  condition,  and 
geological  position.  He  then  describes  the  geological  features  and 
relations  of  the  older  rocks  of  Bavaria,  which  he  arranges  in  descend- 

ing order  as  follows  : — 
1.  Hercynian  clay-slate. 
2.  Hercynian  mica-schist. 
3.  Hercynian  gneiss. 
4.  Bojic  gneiss. 

The  Hercynian  gneiss  is  considered  to  be  equivalent  to  that  of  the 
Danube,  and  both  are  stated  to  abound  in  layers  of  graphite,  which 
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the  author  thinks  is  important  as  proving  the  existence  of  organic 
life  at  the  time  of  their  deposition.  The  Hercynian  and  Bojic  gneiss- 
formations  together  are  held  to  represent  the  Lower  Laurentian 

system  of  Canada ;  the  Hercynian  mica-schist,  the  Upper  Lauren- 
tian or  Labrador  series  ;  and  the  Hercynian  clay-slate,  the  Huronian 

of  Canada  and  the  Cambrian  of  England.  Prof.  Giimbel  then  de- 
scribes the  mineralogical  characters  of  the  Hercynian  gneiss,  and 

afterwards  shows  that  a  stratified  ophicalcite  occurring  near  Stein- 
hag,  exhibits  structures  corresponding  with  those  of  the  Canadian 
Eozoon  in  addition  to  other  appearances  which  he  also  believes  to  be 
of  organic  origin,  and  some  of  which  he  compares  to  the  sections  of 
certain  Bryozoa. 

The  occurrence  of  a  second  species  of  Eozoon,  to  which  he  gives 
the  name  Eozoon  Bavaricum,  has  been  discovered  hj  him  in  a  rock 
consisting  of  a  granular  aggregation  of  calcite,  serpentine,  and  a 
white  hornblendic  mineral,  arranged  in  flakes  or  stripes.  The  rock 

belongs  to  the  Hercynian  Clay-slate  formation,  supposed  to  be  of 
Huronian  or  Cambrian  age,  and  the  specimens  examined  were  ob- 

tained from  near  Wunseidel  and  Thiersheim,  and  between  Hohenberg 
and  the  Steinberg,  especially  the  last-named  locality.  It  exhibits: — 
(1)  A  thin  band  almost  entirely  calcareous,  and  traversed  by  a  network 
of  straight  lines,  or,  when  treated  with  acid,  divided  by  band-like  ribs 
into  irregular  cell-like  spaces,  the  calcite  filling  which  is  seen  to  be 
granular.  (2)  Thicker  calcareous  portions  abounding  in  tufts  of  fine 
tubes,  exactly  as  in  Eozoon ;  these  tubes  end  at  the  serpentinous 
portions  (3),  which  have  generally  the  same  form  as  in  the  Eozoon 
from  Steinhag  before  described,  but  are  much  smaller.  In  decal- 

cified examples  they  may  be  seen  to  possess  the  same  vaulted  mar- 
gins as  Eozoon;  their  breadth  averages  -1  milhm.  and  the  diameter 

of  the  tubes  -01  millim.  Generally  these  serpentine  bands  pass  into 
an  adjoining  portion  (4),  of  one-half  the  width,  or  less,  made  up  of 
very  much  twisted  lamellae,  consisting  of  serpentine  or  a  whitish  mi- 

neral, and  possessing  highly  vaulted  and  deeply  channelled  outHnes. 
Prof.  Giimbel  considers  that  on  the  whole  these  characters  un- 

doubtedly prove  the  affinity  of  this  more  recent  and  very  much  smaller 
form  to  the  group  Eozoon;  but  as  the  last- mentioned  structure  (4) 
differs  from  what  has  been  observed  in  Eozoon  Canadense,  he  gives 
it  the  distinctive  name  of  Eozoon  Bavaricum*. 

In  conclusion  Prof.  Giimbel  describes  certain  structures  which 

appear  to  indicate  with  greater  or  less  probability  the  presence  of 
Eozoon  in  the  pargasite  of  Pargas  in  Finland,  in  the  coceolite-hme- 
stone  of  New  York,  in  ophicalcite  from  Tunaberg,  in  a  granular  lime- 

stone containing  chondrodite,  hornblende,  and  garnet,  from  Boden 
in  Saxony,  in  a  blackish  serpentinous  limestone  from  Hodrisch  in 
Hungary,  and  in  ophicalcite  from  Reichenbach  in  Silesia. 

[H.  M.  J.] 

*  Dr.  Carpenter  has  lately  recognized  the  similarity  of  the  Connemara 
Eozoonal  structures  to  those  of  Eozoo7i  Bavaricum  {supra,  Part  1,  p.  228).  This 
observation  is  of  considerable  interest  when  viewed  in  connection  with  the  rela- 

tive geological  age  of  certain  Eozoonal  rocks,  more  especially  the  probable  Cam- 
brian date  of  Eozoon  Bavaricum,  the  Lower  Silurian  position  of  the  Connemara 

serpentine,  and  the  Laurentian  age  of  Eozoon  Canadense. — Edit. 
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On  the  ExPLOEATioNS  made  during  the  "Winter  of  1865-66  m  the 
Caveens  of  the  hanJcs  of  the  Lesse.     By  M.  E.  Dijpont. 

[Etude  sur  les  fouilles  scientifiques  executees  pendant  I'hiver  de  1865-66 
dans  les  cavernes  des  bords  de  la  Lesse,  par  M.  E.  Dupont.  Bull,  de  I'Acad. 
Royale  de  Belgique,  2^&  serie,  tome  xxii.J 

Caverns  of  Font  a  Lesse. — Several  little  caverns  occur  in  the  com- 
mune of  AnseremmO;  about  a  quarter  of  a  mile  down  the  river,  from 

the  castle  of  Pont  a  Lesse.  They  are  upon  the  right  bank  of  the 

river,  and  about  30  to- 40  feet  above  its  level.  One  of  the  principal 
of  them  presented  the  following  section  in  descending  order : — 

1.  Greyish-yellow  earth,  2|  feet. 
2.  Dust,  9  inches. 
3.  Black  earth  containing  human  bones,  bones  of  animals,  numerous  land 

shells,  with  abundant  fragments  of  pottery,  some  pieces  of  flint,  ashes,  &c., 
li  foot. 

4.  Yellow  clay,  2  inches. 
5.  Grrey  earth,  sometimes  encrusted  with  stalagmite.  Human  bones,  bones 

of  animals,  as  in  bed  No.  3,  flint,  numerous  fragments  of  pottery,  ashes,  and 
coals,  and  plates  of  psammite.     2^  feet. 

6.  Yellow  clay,  5  feet. 
7.  Traces  of  yellowish-white  pure  sand. 

The  yellow  clay  with  angular  fragments  of  limestone  (No.  6), 
which  is  only  separated  from  No.  7  by  traces  of  sand,  is  easily  recog- 

nized as  the  equivalent  of  the  argillaceous  deposit  which  overlies 
the  whole  province,  being  the  ordinary  yellow  clay  with  bloclis 
(argile  jaune  a  hlocaux)  forming  the  base  of  the  upper  stage  of  the 
Quaternary  formation  of  this  region,  and  containing  in  other  cases 
the  remains  of  man,  and  of  a  fauna  of  the  age  of  the  Eeindeer.  The 

superposed  beds  are  consequently  posterior  to  that  age.  The  occur- 
rence in  them  of  a  very  coarse  pottery  indicates  a  pre-Eoman 

date,  a  determination  which  is  confirmed  by  the  presence  of  frag- 
ments of  flints  and  of  two  worked  flints,  together  with  a  little 

flint  arrow-head  "  a  ailerons,^'  so  characteristic  of  the  age  of  polished stone. 

Kemains  of  this  age  are  found  at  two  levels.  The  first  is  only 

separated  from  the  "  argile  a  blocaux  "  by  masses  of  limestone  coming 
from  the  partition  of  the  cavern.  It  furnished  fragments  of  grey 
pottery  with  grains  of  unburiat  calcareous  spar,  not  modelled  with 
the  hand,  some  plates  of  baked  flint,  two  worked  flints,  a  flint 

arrow-head,  a  fragment  of  the  tusk  of  a  wild  boar  pierced  with  a 
hole,  ashes,  and  coal,  some  burnt  bones,  plates  of  psammite,  and 
some  rolled  flints.  It  also  contained  human  bones,  together  with 

bones   of  the  Wild  Boar,  Goat,  Stag,  Heath-cock,  Water-rat,  and 
VOL.  XXII.   PAKT  II.  r 
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three  vertebrae  of  a  large  fish  (?  Pike).  Helix  nemoralis,  Helix 
lajoicida,  and  Unio  hatavus  were  also  found  associated  with  them. 
The  author  remarks  that  the  occurrence  of  human  bones  in  the 

midst  of  the  remains  of  the  repasts  of  men  is  at  present  inexphcable, 
and  rejects  the  hypothesis  that  it  may  indicate  cannibalism  on  the 
part  of  the  inhabitants  of  the  cave. 

In  the  beds  overlying  the  '^argile  ablocaux,"  whicb,  M.  Dupont 
considers,  occupies  the  place  of  the  loess,  an  almost  complete  human 
skeleton  of  enormous  dimensions  was  found ;  the  contour  of  the 
grave  in  which  it  had  been  buried  could  be  distinctly  traced  :  and 
afterwards  five  other  skeletons  were  found  in  a  common  grave. 

Neither  arms  nor  any  other  object  by  which  their  age  could  be  de- 
termined were  discovered ;  and,  excepting  that  they  are  posterior 

to  the  age  of  polished  stone  (for  the  graves  are  dug  in  the  deposit 
which  overlies  remains  of  this  age),  no  period  can  be  assigned  to 
them. 

Between  Chaleux  and  the  castle  of  "Walsin  occur  several  caverns, three  of  which  the  author  describes. 

Trou  des  Blair eauoc  (Tro  des  Tassons). — After  passing  through  a 
yellow  earth  almost  without  blocks,  an  unstratified  yellow  clay  with 
blocks  is  reached.  Besides  some  ashes  and  a  rudely  cut  block  of 
baked  flint,  bones  of  the  following  species  were  found : — Horse,  Elk, 

Fox,  Otter,  Badger,  "Wild  Cat,  and  Heath-cock,  the  bones  of  the 
Badger  being  particularly  numerous.  Below  this  was  a  bed  of  alter- 

nating veins  of  clay  and  sand,  with  two  beds  of  gravel.  This  sandy 

argillaceous  deposit  is  certainly  the  "  Lehm." 
Trou  de  VHyene. — This  cavern  is  nearly  opposite  the  "  trou  des 

blaireaux,"  upon  the  opposite  bank  of  the  Lesse ;  it  has  two  open- 
ings, is  about  12  feet  above  the  river,  and  presents  the  following 

section  : — 

1.  Mould  formed  by  dead  leaves,  and  containing  bones  of  the  Fox  and 
Fowl. 

2.  Yellow  clay,  containing  bones  of  the  Eeindeer  and  the  Horse,  as  well  as  two 
worked  flints. 

3.  Thin  and  non-continuous  bed  of  stalagmite. 
4.  A  sandy  argillaceous  deposit  of  a  greyish-yellow  colour,  with  traces  of  stra- 

tification and  rolled  pebbles. 

Numerous  bones  are  found  in  this  bed,  belonging  principally  to 
the  following  species  : — Hymna  spelcea,  Great  Bear,  Fox,  Horse,  Ele- 
phas  priraigenius  (milk  tooth).  Rhinoceros  ticJiorhinus,  Ox  (two  spe- 

cies ?),  and  Eeindeer. 
The  most  abundant  remains  belong  to  the  Hyaena,  Ehinoceros, 

Reindeer,  and  the  Horse ;  and  nearly  all  show  traces  of  a  strong 
carnivore,  except  the  Hyana,  from  which  it  may  be  inferred  that 
this  cavern  was  the  den  of  that  animal,  the  other  bones  being  the  debris 
of  its  repasts.  The  results  attained  by  the  exploration  of  this  cavern 
are  of  the  highest  importance ;  for  by  them  we  are  enabled  to  assign 
the  place  of  the  great  Quaternary  mammifers  to  the  stratified  sandy 
argillaceous  beds  or  Lehm,  they  evidently  having  lived  immediately 
before  the  deposition  of  these  strata.     On  the  one  side  the  stratified 
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sandy  argillaceous  beds  occur,  as  well  in  the  caverns  as  in  the  sub- 
aerial  formation  of  the  province  of  Namur,  between  the  great  deposit 
of  rolled  pebbles  on  the  one  hand  and  the  argillaceous  deposit  with 
blocks  on  the  other. 

But,  as  in  the  valley  the  deposit  of  rolled  pebbles  is  characterized 

by  the  abundant  remains  of  Mephas'primiffenius,  these  beds  may  be 
named  the  beds  with  Eleplias  primigenius  (couches  k  Elep>has  primi- 
genius).  On  the  other  side,  the  deposit  of  yellow  clay  with  blocks, 
which  is  the  equivalent  of  the  diluvium  rouge  of  the  Paris  basin, 
contains  the  fauna  of  the  Eeindeer  properly  so  called,  the  charac- 

teristic of  which  is  the  absence  of  extinct  species,  and  the  presence  of 
a  series  of  animals  which  are  at  present  banished  to  colder  climates. 

These  facts  confirm,  in  the  author's  opinion,  his  division  of  the  Qua- 
ternary formation  into  three  stages : — 

Etage  superieur  a  Cervus  tarandus. 
Etage  moyen  a  TJrsiis  speloius. 
Etage  inferieur  a  Eleplias  primigenius. 

Trou  de  la  Naidette. — This  cavern  is  on  the  left  bank  of  the  Lcsse, 

about  60  yards  up  the  river  from  the  ''  trou  des  blaireaux."  It  is 
27  feet  above  the  river,  is  more  than  40  yards  long,  and  has  a 
breadth  in  the  middle  of  12  yards.  At  the  entrance  to  the  cavern 
was  a  thick  deposit  of  yellow  clay  with  blocks,  containing  bones  of 
the  Horse,  Eeindeer,  dtc,  which  thinned  out  so  rapidly  that  at 
4  yards  from  the  entrance  there  was  not  more  than  a  trace  of  it. 
There  a  falling  in  of  part  of  the  roof  had  completely  hidden  the 
Quaternary  deposits.  Towards  the  extremity  of  the  cavern,  some 
well-stratified  sandy  argillaceous  beds  were  laid  bare,  not  overlain  by 
the  clay  with  blocks.  A  sinking  made  here  presented  the  following 

section  : — After  passing  through  9  feet  of  sandy  clay  and  j-ellow  sand, 
followed  by  14  inches  of  yellow  clay  with  fallen  stones  («),  cones  of 
stalagmite,  and  bones  of  ruminants,  4L  feet  of  alternating  beds  of 
clay  and  stalagmite  were  reached.  This  was  followed  by  sandy  clay 
and  sand,  about  4  feet  in  thickness,  which  contained  at  its  base  the 
head  of  a  Wolf  and  some  vertebrae.  In  this  bed  (h)  nearly  aU  the 
bones  mentioned  hereafter  were  found.  Below  this,  beds  of  sandy 
clay  and  sand  were  reached,  followed  by  a  gravelly  sand,  until  traces 
of  red  clay  were  discovered. 

The  bone-bearing  beds  occurred  at  two  levels.  The  upper  one  (a) 
contained  some  bones  (especially  single  rami  of  the  jaw)  of  an  unde- 

termined Euminant. 

The  lower  level  {h)  furnished,  however,  the  most  important  series 
yet  obtained  from  the  caverns  on  the  banks  of  the  Lesse.  The  bones 
were  not  numerous,  but  were  in  an  admirable  state  of  preservation. 

The  principal  species  were  the  "VYolf,  Ursus  arctos,  Fox,  Badger, 
Bat,  Marmot,  "Water-rat,  Elejylias  primigenius,  Rhinoceros,  Horse, Reindeer,  Wild  Boar,  Chamois,  Common  Stag,  Sheep,  and  a  fish. 
But  the  great  importance  of  the  discovery  consisted  in  the  presence 
in  the  midst  of  the  bones  of  a  human  jaw  and  cubitus,  and  of  a  bone 
with  a  hole  artificially  produced.  The  association  of  the  human 
remains  with  the  rest  of  the  bones  was  beyond  a  doubt. 



28  GEOLOGICAL  MEMOIES. 

The  author  then  gives  a  detailed  description  of  the  human  jaw 
and  cubitus,  and  compares  the  former  with  the  one  discovered  asso- 

ciated with  remains  of  ElejpJias  j^rimigenius  and  Bhinoceros  ticho- 
rJiinus  in  the  grotto  of  Arcy  by  M.  de  Yibraye,  and  with  a  jaw  of  the 

age  of  the  Eeindeer  which  came  from  the  "  trou  de  Frontal,"  with  both 
of  which,  notwithstanding  that  the  latter  is  of  a  much  more  recent 
geological  age,  he  declares  it  to  have  a  most  intimate  connexion. 

Several  bones,  associated  with  these  human  remains,  seemed  to 
bear  traces  of  the  hand  of  man,  especially  a  fragment  of  a  bone  which 
may  be  referred  to  a  ruminant.  The  hole  which  is  pierced  is  evi- 

dently artificial,  the  sides  of  the  incision  being  very  sharply  cut. 
The  sides  of  the  fragment  appear  cut  with  a  sharp  instrument, 
unless,  as  M.  de  Quatrefages  suggests,  it  be  a  particular  mode  of 
fracture.  [A.  S.] 

On  THEEE  Caverns  in  the  Yallet  of  the  Lesse  explored  during  the 
months  of  Maech  and  April  1866.     By  M.  E.  Dtjpont. 

[Etude  siir  trois  cavernes  de  la  Lesse  explorees  pendant  les  mois  de  Mars  et 

d'Avril,  1866,  par  M.^Edouard  Dupont.  Bull,  de  I'Acad.  Eoyale  de  Belgique, 
2me  ser.  tome  xxii.] 

Trou  de  Praule. — The  cavern  of  Praule  is  situated  on  the  left  bank 
of  the  Lesse,  about  600  yards  up  the  river  from  Furfooz.  It  is  easy 
of  access,  and  about  98  feet  above  the  level  of  the  river.  The  cave 
is  19^  feet  broad,  and  has  a  length  of  11  feet  in  the  centre,  its  mean 
height  between  the  rocky  floor  and  the  roof  being  little  more  than 

6|  feet. 
Upon  the  calcareous  soil  is  a  thin  bed  of  sandy  stratified  clay, 

with  rolled  pebbles  and  gravel  in  non- continuous  veins — the  cha- 
racteristic of  the  Lehm,  or  middle  stage,  of  the  Quaternary  formation 

of  I^amur.  The  deposit  yielded  a  humerus  and  a  canine  of  a  Great 
Bear,  which,  the  author  ̂   considers,  confirm  the  application  to  this 

Lehm  of  his  name  of  ''  Etage  a  Ursus  speloius.''  These  beds  are  over- 
lain by  yellow  clays  with  blocks  (argiles  jaunes  a  blocaux),  which 

contain,  especially  at  the  base,  worked  flints  and  bones  of  the  Bear, 

"Wolf,  Fox,  Horse,  Eemdeer,  and  Goat.  The  flints  worked  in  the form  of  a  knife  are  few,  and  are  derived  from  the  Chalk.  The  bones 
are  probably  the  remains  of  repasts  of  men,  as  is  generally  the  case 
in  deposits  of  this  nature  in  the  caverns  of  the  banks  of  the  Lesse. 

These  facts  prove,  in  the  author's  opinion,  that  the  argile  a  hlocaux 
should  be  referred  to  the  age  of  the  Eeindeer,  and  is  relatively 
anterior  to  the  deposition  of  the  vast  covering  of  clay.  To  the  beds 
thus  characterized,  which  form  the  upper  stage  of  the  Quaternary 

formation  of  the  province,  M.  Dupont  gives  the  name  of  ̂'  Etage  a 
Cervus  tarandusT 

Trou  des  Allemands. — The  shelter  furnished  by  a  sloping  dolo- 
mitic  rock,  under  which  the  Bohemians  established  themselves 
during  their  wanderings,  constitutes  this  cavern.  Shelters  of  this 

kind  are  very  numei'ous  along  the  banks  of  the  Lesse,  and  are 
generally  slightly  raised  above  the  river-level.     The  following  is  the 
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section  presented  by  one  near  the  route  from  Hulsonniaux  to  Celles, 
in  ascending  order : — 

5.  Rolled  pebbles  of  Ardennaise  origin  cemented  by  gravel. 
4.  Yellow  clay  with  dolomitic  blocks. 
3.  Loess. 
2.  Alluvium  formed  of  alternating  veins  of  sands  and  clays,  like  Lehm. 
1.  Like  No.  2,  but  reonanies  and  mixed  with  vegetable  detritus.  From  this 

bed  the  author  obtained  some  flint  knives  and  a  little  sandstone  hache,  polished 
and  with  an  irregular  surface. 

Niitons  cles  Gendron. — The  cavern  of  Nutons  desGendron  is  situated 
on  the  right  bank  of  the  Lesse,  about  1|  mile  (in  a  direct  line)  from 
the  Purfooz  cavern.  It  is  excavated  in  a  schistose  bed  with  alter- 

nating calcareous  bands,  belonging  to  the  "  Psammites  of  Condroz." 
The  length  of  the  cave  is  15  yards,  and  it  has  a  breadth  at  the 
opening  of  2-1  yards.  At  the  entrance  is  a  mould  formed  by  the 
decomposition  of  leaves,  below  which  is  found  yellow  clay  with 
blocks  of  schist,  without  bones  or  works  of  art.  The  mould  at  a 
distance  of  8  yards  from  the  entrance  was  overlain  with  stalagmite, 
and  contained  human  bones  which  belonged  to  no  less  than  seventeen 
skeletons.  Although  the  bones  were  broken,  the  workmen  were 
able  to  observe  that  fifteen  of  the  skeletons  were  arranged  longi- 

tudinally along  the  cavern  in  six  rows  of  two  or  three,  varying 
according  to  the  vsddth  of  the  cavern,  with  two  skeletons  placed 
transversely,  the  heads  of  the  longitudinal  skeletons  being  towards 
the  mouth  of  the  cave.  A  very  small  splinter  of  chalk-flint  in  the 
shape  of  a  plate  was  found,  together  with  three  fragments  of  coarse 
pottery. 

On  the  slope  of  the  escarpment,  immediately  below  the  entrance, 
two  great  blocks  of  transported  schist  were  dug  up,  one  measuring 
5  feet  by  2|  feet,  the  other  3 J  feet  by  one  foot. 

Among  the  human  remains  were  found  bones  of  the  Pox,  Badger, 
Fowl,  &c.  The  workmen  also  found  a  modern  metal  button  with 
inscription,  but  without  a  date. 

After  ha™g  noticed  the  great  number  of  human  bones,  especially 
fragments  of  the  upper  and  lower  jaw,  and  given  detailed  descriptions 
of  the  bones,  the  author  states  as  his  opinion  that  the  remains  are 
in  a  sepulchral  cavern.  The  exact  age,  however,  to  which  they 
belong  is  difficult  to  determine.  The  skeletons  belong  to  a  period 
posterior  to  the  age  of  the  Eeindeer,  because  in  the  province  of 

IS'amur  remains  of  that  age  are  always  found  below  the  yellow  clay, the  mould  in  this  instance  being  above.  M.  Dupont  therefore 
concludes  that  the  skeletons  were  deposited  in  the  cavern  at  an 
epoch  posterior  to  the  age  of  the  Eeindeer  and  anterior  to  the 
Bronze  age,  and  refers  them  to  the  Polished-Stone  period  (age  de  la 
jpierre  polie),  [A.  S.] 

On  a  Neav  genus  of  Cephalopohs.     By  Chev.  P.  von  Hauee, 
[Proceed.  Imp.  Acad,  of  Vienna,  December  14,  1865.] 

This  genus,  for  which  the  author  proposes  the  name  of  "  Chorisio- 

ceras,'^  bears  a  shell  similar  in  form  to  that  of  Crioceras^  with  the 
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lobular  ornamentation  characteristic  of  Ceratites.  The  first  speci- 
mens of  Ohoristoceras  MarsJii  were  brought  to  Yienna  by  Mr.  0.  C. 

Marsh,  E.G.S.,  of  Newhaven;  subsequently  Prof.  Suess  received  a 
greater  number  of  them ;  and  lately  Mr.  Hinterhuber,  an  Imperial 
Mining  Engineer  entrusted  by  the  Imperial  Geological  Institute 
with  the  task  of  examining  the  locality  of  the  specimens  found  in 
Austria,  ascertained  their  occurrence  in  a  stratum  resting  on  un- 

doubted Kossen  strata  and  overlain  by  "  Adneth "  (Liassic)  lime- 
stones. Similar  forms  occur  among  the  specimens  referred  to  "  Crio- 

ceraSi "  from  the  Bavarian  Alps,  described  by  MM,  Giimbel  and  Schaf- 
hautl ;  but  their  determination  must  remain  uncertain  until  their 
lobular  ornamentation  becomes  better  known.  [Count  M.] 

On  Eemai3n"S  of  the  Maemot  (Arctomys  marmota,  Omel.)  in  Styeia. 
[Proceed.  Imp.  Acad.  Vienna,  Sth  and  22nd  March,  1866. 

The  remains  of  this  animal,  which  has  never  been  known  in  Styria, 
as  far  as  historical  records  or  traditions  go,  consist  of  a  jaw,  found 
at  the  junction  of  the  Parschlug  andMiirz  valleys,  among  some  inde- 

terminable fragments  of  bones  ;  it  was  recognized  as  belonging  to 
the  species  in  question  by  Prof.  Hyrtl  (see  Imp.  Geol.  Instit.,  Annals, 
xiv.  1864,  Proceedings,  p.  33).  In  the  beginning  of  1866,  Prof. 
Oscar  Schmidt  discovered  again,  in  the  neighbourhood  of  Gratz, 
about  two  hundred  feet  above  the  river  Mlirz,  an  old  den  of  Mar- 

mots, with  the  skeletons  of  four  individuals,  belonging  to  three 
different  generations.  These  animals  must  be  supposed  to  have 
lived  in  Styria  during  a  portion  of  the  Diluvial  period,  when  the 
extension  of  glaciers  in  the  higher  Alpine  regions  drove  away  the 
Alpine  flora  and  fauna  to  seek  shelter  and  food  in  lower,  and  con- 

sequently more  congenial,  regions.  [Count  M.] 

The  Gasteeopods  of  St.  Cassian.  By  Dr.  Laube. 
[Proceed.  Imp.  Acad.  Vienna,  May  11,  1865.] 

The  Gasteropod-fauna  of  St.  Cassian  possesses  many  species  analogous 
to  forms  found  in  the  Carboniferous  Limestone,  and  is  particularly 

interesting  as  being  a  "  Limit-fauna,"  comi^rehending  representatives 
of  a  number  of  undoubtedly  Palseozoic  genera  associated  with  others 
whose  full  development  took  place  afterwards  in  the  course  of  the 
Mesozoic  Period ;  and  the  number  of  species  occurring  also  in  other 
localities  is  but  small.  The  types  of  two  new  genera  have  lately  been 
discovered  among  the  Pectinibranchiate  Gasteropods  of  St.  Cassian, 

namely  (1)  Euclirysalis,  having  a  chrysalid-like  form,  with  smooth 
whorls,  long-slitted  mouth,  and  very  prominent  lips,  and  (2)  Pty- 
chosfoma,  resembling  Pleurotoma  by  the  peculiar  slit  on  its  mouth 
and  by  the  lines  of  growth  taking  the  form  of  the  letter  V  on  the 
sides  of  its  smooth  polished  whorls.  Dr.  Laube  describes  117  species, 
among  which  22  are  ncAV.  [Count  M.] 
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railway  viaduct  over,  562. 

America,  Carboniferous  formations  of 

Eastern,  97 ;  cycles  in  the  Palaao- 
zoic  age  in  Eastern,  102. 

Ammonites  Dimravene^isis,  81. 
——  Suttonensis,  81. 

Amphicentrum,  diagrammatic  restora- 
tion of  the  head  of,  304. 

AmpJiicentrum  granulosum,  306. 
Amygdaloid,  felspathic,  of  Ayrshire, 

520. 

Anatina  prcscursor,  var.  Pylensis,  88. 
Ancillaria  lamellata,  579. 

Anguilla,  Lower  Miocene  deposits  of, 
573. 

Angular  detritus  of  Porlock  Bay,  6. 
Animals  in  the  Coals  of  the  South 

Joggins,  genera  of,  126. 
Annelid-tubes  in  the  Laurentian  rocks 

of  Canada,  sketches  illustrating  sup- 

posed, 609. Anniversary  Address  of  the  President, 
xxx-cii.  See  also  Hamilton,  W.  J., 
Esq. 

Annual  Report,  i. 
Annularia  galioides,  152. 
Anomia  socialis,  85. 

Aoitholithes  pygmcBa,  149. 
  Rhabdocarpi,  149. 

  ,  sp.,  150. 
  squamosa,  150. 
Antigua,  574. 
Antiquity  of  Man  in  Ecuador,  567. 

'  Antwerp,  crag-beds  of,  229. 
Araucarifes  gracilis.  146. 
Area  consobrina.  293. 
.   filicata,  583. 

  incBqnilateralis,  293. 
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Area  NoK,  283. 
  Trinitaria,  583. 
Ardennais,  cailloux,  247. 
Ardmore  and  Youghal  trough,  lower 

limestone  shale  of  the,  333. 

Arrigle  Brook,  section  from  Knockto- 
pher  to,  328. 

Asphaltic  bed,  Trinidad,  foraminifera 
from  the  Tertiary,  592. 

Astarte  Buncani,  87. 

Asterophyllites  in  the  coal-formations 
of  the  South  Joggins,  135. 

Asterophyllites  equisetiformis,  152. 
  foliosa,  152. 

  grandis,  152. 
  ,  sp.  152. 
  trinervis,  152. 
Athyris  suhtilita,  40. 
Atlantis  hypothesis,  585. 
Australia.    Petroleum    coal-seams    in 

New  South  Wales,  435,  439. 

Avicula-contorta  series,  69. 

Ayrshire,  Mr.  J.  Geikie  on  the  meta- 
morphic   Lower   Silurian   rocks  of 
Carrick,  513. 

BabbacombetoWatcombe,coast-section 
from,  466. 

Baggy  Point,  346. 
Ballea  across  Myrtle  Hill,  section  from, 

335. 

Ballinhassig,  section  near,  337- 
Bandon,  335. 

Bantry  Bay  Trough,  341. 
Barbadoes,  Tertiary  deposits  of,  578. 
Barnwell,  bones  from  the  drift  of,  476  ; 

shells  from  the  drift  of,  477. 

Barus,  Kashmere,  plan  of  part  of  the 
district  on  the  right  bank  of  the  Jhe- 
lum  riyer,  near,  34 ;   section  on  the 
right  bank  of  the  Jhelum  river,  near, 
33. 

Barus  and  Eeshpur,  Kashmere,  section 

along  a  spur  from  Wasterwan,  be- 
tween, 31. 

Basement-bed  of  the  London  Clay,  412. 
Bauerman,  H.,  Esq.,  on  the  Copper- 
.  mines  of  the  State  of  Michigan,  448. 
Bavaria,  species  of  Eryon  from  the 

Lias  and  Oolite  of,  494, 
Beach  at  Sangatte,  253. 
Beinertia  GoRpperti,  159. 

Belgium,    Mr.    E.    A.    C.    Godwin- 
Austen  on  the  Kainozoic  formations 

of,  228. 
Berehaven  Promontory,  343. 

Berg,  Crag-beds  at,  235. 
Bermuda,  Tertiary  deposits  of,  579. 
Bilberry  Hill,  section  across,  334. 
Blackheath  and  Woolwich,  section  at, 

435. 

Bluntisham,  list  of  fossils  from  the 
drift  of,  471. 

Bolderberg,  Tertiary  deposits  of  the, 

236. 
Bones  from  the  drift  of  Barnwell, 

476 ;  of  fossil  Chelonians  from  the 
ossiferous  caves  and  fissures  of 

Malta,  594. 
Bos  Urus,  391. 

Boston  conglomerate,  Michigan,  sec- 
tion from  the  Pewabic  lode  to  the 

Albany  and,  453. 
Boulder  clay  of  the  Fenland,  479. 
Boulders  of  Caithness,  glaciation  of 

the  rocks  and,  268. 

Bournda,  New  South  Wales,  oil-bear- 
ing deposits  of,  447. 

Brachiopoda  collected  by  Capt.  Godwin- 
Austen  in  the  Mustakh  Hills,  Thibet, 

Mr.  T.  Davidson,  on  some  Carboni- 
ferous, Jurassic,  and  Cretaceous  (?), 

35 ;  in  the  valley  of  Kashmere,  Mr.  T. 
Davidson  on  the  Carboniferous,  39. 

Brachiopoda  from  Trinidad,  Mr.  T. 
Davidson  on  Tertiary,  296 ;  Mr.  E. 

J.  L.  Guppy  on  Tertiary,  295. 
Brecciiform  rocks  of  Ayrshire,  524. 
Bridgend,  Keuper  near,  72;  Ehaetic 

beds  near,  71. 
Brine,  Commander  L.,  on  the  recent 

volcanic  disturbances  in  the  neigh- 
bourhood of  Santorino,  319. 

Brissus  dimidiatus,  301. 

Bristow,  Mr.  H.  W.,  on  supposed  re- 
mains of  the  Crag  on  the  North 

Downs,  near  Folkestone,  553. 
British  Crab,  oldest  known,  493;  Oxen, 

Mr.  W.  Boyd  Dawkins,  on  the  fos- 

sil, 391. 
Brodie,  The  Eev.  P.  B.,  on  a  section 

of  Lower  Lias  and  Eha^tic-beds, 
near  Wells,  Somerset,  93. 

Bulchamp  and  Wangford  Crag-pits  re- 
latively to  theChillesford  clay,section 

showing  the  position  of  the,  540. 

Burragorang,  New  South  Wales,  oil- 
bearing  rocks  of,  443. 

Butley  Crag,  544. 
Cailloux  Ardennais,  247. 
Caithness,  list  of  Mollusca  whose  shells 

are  found  in  the  glacial  drift  of,  278 ; 
Mr.  T.  F.  Jamieson  on  the  glacial 
phenomena  of,  261 ;  sketch  map  of, 

263. 
Calamites  in  the  coal-formations  of 

the  South  Joggins,  135. 
Calamites  arenaceus,  151. 
  canna^formis,  151. 
  Cistii,  151. 
  dubius,  151. 
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Calamites  nodosus,  151. 
  Nova-scotica,  151. 
  ramosus,  151. 
  Suckovii,  151. 
  Voltzii,  151. 
Calamodendron  in  the  coal-formations 

of  the  South  Joggins,  134. 
Calamodendron  approximati(,m,  149. 
  obscurum,  149. 
Calne   railway-station,  Wilts,  section 

of  Trail  at,  556. 

Cambridge,  section  of  a  pit  in  Vic- 
toria Eoad,  561. 

Campine  sand,  250. 
Canada,  supposed  burrows  of  worms 

in  the  Laurentian  rocks  of,  608. 

Canal-system  of EozoonCanadense,  199. 
Cancellaria  Barretti,  289. 
  IcBvescens,  289. 
  Moorei,  289. 
Cannel  Coal  in  New  South  Wales,  435, 

439. 

Canterbury,  section  in  the  neighbour- 
of,  434. 

Cape  Clear,  340. 
Carboniferous  Brachiopoda  from  the 

Mustakli  Hills,  Thibet,  35;   from 
the  valley  of  Kashmere,  39. 

Carboniferous    formations    of    Nova 
Scotia  and  New  Brunswick,  97. 

Carboniferous  Grlyptodipterines,  Dr.  J. 
Young  on  some  new  genera  of,  596. 

Carboniferous  plants,  rate  of  growth 
of,  141. 

Carboniferous  rocks  of  the  valley  of 
Kashmere,  Capt.  H.  Godwin- Austen 
on  the,  29. 

Carboniferous  Slate(or  Devonian  rocks) 
and  the  Old  Red  Sandstone  of  South 

Ireland  and  North  Devon,  Mr.  J. 
Beete  Jukes  on  the,  320. 

Cardinia  ingens,  86. 
  Suttonensis,  86. 
Cardiocarpum  bisectum,  165. 
  fluitans,  165. 
  ,  sp.,  165. 
Cardita  ?  rhomboidalis,  87. 
  scabricosiata,  293. 
Cardium  casiuon,  582. 

•   Haitense,  293. 

  inconspicuum,  293. 
  lingua-leonh,  293. 
Caribean  area,  palaeontology   of  the, 

570. 

Carpenter,  Dr.  W.  B.,  on  the  struc- 
ture and  affinities  of  Eozoon  Cana- 

dense,  219. 

Carrick,  Ayrshire,  metamorphic  Lower 
Silurian  rocks  of,  513. 

Carrigboy,  335. 

Cassidaria  sublcsvigata,  287» 
Cassis  monilifera,  287, 
   sulcifera,  286. 

Cattle,  relation  of  Bos  urus  to  the  do- 
mestic races  of,  401. 

Caulopteris,  sp.,  159. 
Cercomya  ledcBformis,  581. 
Cerithium  plebeium,  290. 

Chalk,  junction  of  the  Thanet  Sand 
and  the,  402, 405 ;  list  of  fossils  from 
the  beds  between  the  London  Clay 
and  the,  422. 

Chama  arcinella,  294. 
Chambers  of  Eozoon  Canadense,  209. 
Chancama,  Ecuador,  section  of  the 

Point  at,  569. 
Charcoal,  tissues  in  Mineral,  140. 

Cheirotherian  footprint  from  the  Keu- 
per  sandstone  ofDaresbury,  Cheshire, 
Prof.  W.  C.  Willi  amsom  on  a,  534. 

Chelonians  from  the  ossiferous  caves 

and  fissures  of  Malta,  Dr.  A.  Leith 
Adams  on  bones  of  fossil,  594. 

Chemical  characters  of  Grenville  Eo- 
zoonal  ophite,  187. 

Chemnitzia,  sp.,  88. 
Chillesford  beds,  list  of  shells  from 

the,  545. 

Cliillesford  Clay,  section  showing  the 

position  of  the  Bulchamp  and  Wang- 
ford  Crag-pits  relatively  to  the,  540 ; 
of  the  Thorpe  Crag-pit  relatively  to 
the,  539. 

Chillesford  Clay  or  Loam,  Eev.  O. 
Fisher  on  the  relation  of  the  Nor- 

wich or  Fluvio -marine  Crag  to  the, 19. 

Chillesford  Church,  Sufiblk,  section  of 
Trail  in  a  pit  east  of,  556. 

Chondrosteus,  Dr.  J.  Young  on  the 
affinities  of,  596. 

Chonefes'i  Austeniana,  44. 
  Hardrensis,  var.  Thibetensis,  36. 
  l(svis,  44. 

Cidaris  Melitensis,  299. 
Cisseis  astericus,  584. 

Clarke,  The  Rev.  W.  B.,  on  the  occur- 
rence and  geological  position  of  oil- 

bearing  deposits  in  New  South  Wales, 439. 

Classification  of  the  "  Lower  London 

Tertiaries,"  414. 
Clay,  Chillesford,  19 ;  spaces  formerly 

occupied  by  selenite  in  the  London, 
13. 

Clypeaster  ellipticus,  299. 
Coal,  Dr.  J.  W.  Dawson  on  the  con- 

ditions of  the  deposition  of,  95. 
Coal-formations  of  Nova  Scotia  and 

New  Brunswick,  96. 
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Coal-shales  of  Longton,  new  species  of 
Acanthodes  from  the,  468. 

Coast-section  from  Babbacombe  to 
Watcombe,  466. 

Colchester,  section  in  a  ditch  on  the 
Tendring  Hundred  Eailway,  near, 
562. 

Colo  and  Grose  riyers,  New  South 

Wales,  oil-bearing  rocks  of,  446. 
CoUey  Creek,  Liverpool  Plains,  New 

South  Wales,  Petroleum  coal-seams 
at,  435,  440. 

CohimhcUa  ambigua,  288. 
  gradata,  288. 
Comeragh  Mountains,  section  across 

the,  328. 
Coniferous  trees  in  the  coal-forma- 

mation  of  the  South  Joggins,  127. 
Coniston  flags,  483 ;  limestone,  484. 
Connemara,  metamorphic  rocks  of, 

509. 

Conus  gracilissimus,  288. 
  granozonatus,  287. 
■   interstinctus,  288, 
■   planiliratus,  287. 
  solidus,  287. 
  stenostoma,  287. 
Coomhola  Mountain,  section  across, 

341. 

Copper  Harbour  to  Lac  la  Belle,  Mi- 
chigan, section  from,  456. 

Copper-mines  of  the  State  of  Michigan, 
Mr.  H.  Bauerman  on  the,  448. 

Copper,  origin  of,  459. 
Coralline  Crag,  541. 
Corals  from  the  Sutton  Stone,  Dr.  P. 

Martin  Duncan  on  the,  89. 
Corbula  vieta,  580. 
  viminea,  293. 
Cordaites  in  the  coal-formations  of  the 

South  Joggins,  139. 
Cordaites  borassifolia,  164. 

:   simplex,  164. 
Cork  and  Midleton  trough,  lower  lime- 

stone shale  of  the,  333. 
Cork,  Old  Bed  Sandstone  of  North,  330. 
Countesbury  rocks,  3. 
Crab,  from  the  Forest  Marble,  Malmes- 

bury,  Wilts,  Mr.  H.  Woodward  on 
the  oldest  known  British,  493. 

Crag-beds  of  Antwerp,  Mr.  R.  A.  C. 
Godwin-Austen  on  the,  229. 

Crag,  Mr.  W.  Whitaker  on  the  out- 
liers of  Sand  on  the  North  Downs 

which  have  been  classed  with  the, 
430;  Mr.  S.  V.  Wood  on  the  struc- 

ture of  the  Red,  538  ;  on  the  North 
Downs,  near  Folkestone,  Mr.  II.  W. 
Bristow  on  supposed  remains  of  the, 
553. 

Crag-sand  and  shingle  capping  a  hill 
eastof  Louvain,  section  showing,  235. 

Crag-sea  area,  map  showing  the  extent 
of  the,  240 ;  Mr.  R.  A.  C.  Godwin- 
Austen  on  the  conditions  of  the,  238. 

Crag  to  the  Chillesford  Clay,  relation 
of  the  Norwich,  19. 

Cretaceous  (?)  Brachiopoda  from  the 
Mustakh  Hills,  Thibet,  38. 

Crustacea  from  the  Forest  Marble, 
Malmesbury,  Wilts,  493 ;  from  the 
Lias  and  Oolite  of  England  and 
Bavaria,  494 ;  from  the  Moffat  shales, 
Dumfriesshire,  503 ;  in  the  coal- 
formations  of  the  South  Joggins,  144. 

Crystalline  felstones  of  Ayrshire,  525. 
Cuba,  Tertiary  deposits  of,  .579. 
Cumana,  Upper  Miocene  deposits  of, 

576. 
Cycles,  geological,  101. 
Cyclojpteris  {Aneimites)  Acadica,  153. 
  antiqua,  154. 
  fimbriata,  154. 

  heterophylla,  153. 
  hispida,  145. 

  (Neuropteris)  ingens,  154. 
  oblata,  154. 

  (Neuropteris)  obliqua,  154. 
  oblongifolia,  154, 
Cyclostrema  bicarinata,  291. 

Cyperites,  sp.,  149, 
Cyprina  normalis,  87. 
Cytherea  {Circe)  carbasea,  292, 

juncea,  582, 
  ( Callista)  planivieta,  292. 
Dadoxylon  Acadianum,  145. 
  aomulatum,  146. 

  cmtiquius,  146. 
  materiarium,  145. 

Daresbury,  Cheshire,  Cheirotherian 

footprint  from  the  Keuper  sand- 
stone of,  534. 

Davidson,  T.,  Esq.,  on  the  Brachio- 
poda collected  in  Thibet  and  Kash- 

mere,  by  Capt.  Godwin- Austen,  35.! 
Dawson,  Dr.  J.  W.,  on  supposed  bur- 

rows of  worms  in  the  Laurentian 

rocks  of  Canada,  608  ;  on  the  con- 
ditions of  the  deposition  of  Coal, 

more  especially  as  illustrated  by 
the  Coal-formation  of  Nova  Scotia 
and  New  Brunswick,  95. 

Dawson,  R.,  Esq.,  on  the  occurrence 
of  dead  littoral  shells  in  the  bed  of 

the  German  Ocean,  forty  miles  frorai 
the  coast  of  Aberdeen,  260. 

Dawkins,  W,  B.,  Esq,,  on  the  fossil 
British  Oxen,  Part  I.  Bos  Urus, 
Cffisar,  391 . 

Decigala,  M.,  on  the  recent  volcanic 
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disturbances  in  the  neighbourhood 
of  Santorino,  318. 

Delenda,  A.,  Esq.,  on  the  recent  vol- 
canic disturbances  in  the  neighbour- 
hood of  Santorino,  318. 

Dendroptychius,  601 ,  sketch  of  a  scale 
of,  597. 

Dentalium  disshnile,  292. 
Deposition  of  coal,  physical  condi- 

tions attending  the,  98, 
Devon,  geological  structure  of  North, 

346. 
Devonian  fossils,  365. 
Devonian  rocks  (or  Carboniferous 

Slate)  and  the  Old  Eed  Sandstone 
of  South  Ireland  and  North  Devon, 
Mr,  J.  Beete  Jukes,  on  the,  320. 

Devonshire,  valleys  and  valley-gravels 
of,  465. 

Dewick,  E.  S.,  Esq.,  on  land  and  fresh- 
water shells  from  the  drift  of  Barn- 

well, 477. 
Diagram  illustrating  the  motion  of  a 

pebble  in  a  plastic  medium,  559 ; 
the  succession  of  formations  in  North 

Devon,  369  ;  representing  the  struc- 
ture of  the  beds  between  the  base  of 

the  Red  Crag  and  the  base  of  the 
Upper  Drift  (Eoulder-clay),  548. 

Diagram-section  across  Kent  from  the 
Tertiary  Escarpment  to  the  Weald, 
435  ;  across  North  Devon,  360  ;  to 
show  the  general  relations  of  the 
formations  in  Trinidad,  572. 

Diagrammatic  restorations  of  the  heads 
of  Amphicentrum,Platysomus,^ch- 
modus,  and  Pycnodus,  304. 

Dictyopteris  obliqua,  156. 
Diestien  deposits  near  Antwerp,  232. 
Dingle  beds,  344. 
Dioritic  rocks  of  Ayrshire,  526. 
Biplotegium  retusum,  164. 
Discina  Kashmericnsis,  45. 
Discinocaris  Browniana,  504. 
Domestic  races  of  cattle,  relation  of 

Bos  Urus  to  the,  401. 
Donations  to  the  Library,  ix.,  46, 170, 

372,  610 ;  Museum,  viii. 
Bosinia  cyclica,  582. 
Downs,  outliers  of  sand  on  the  Nortli, 

430 ;  supposed  remains  of  the  Crag 
on  the  North,  553. 

Drift-gravel  at  Hitchin,  Herts,  faults 
in  the,  565. 

Drift  of  Belgium,  glacial,  249  ;  Caith- 
ness, 263 ;  New  South  Wales,  444 ; 

of  the  Fenland,  Mr.  Harry  Seeley 
on  the  gravels  and,  470. 

Dulverton,  347  ;  section  east  of,  348. 
Dumfriesshire,  new  genus  of  Phyllo- 

podous  Crustacea  from  the  Moffat 
shales,  503. 

Duncan,  Dr.  P.  Martin,  on  some  spaces 
formerly  occupied  by  Selenite,  in 
the  Lower  Eocene  clays  of  the  Lon- 

don basin ;  with  remarks  on  the 
origin  and  disappearance  of  the 
mineral,  12 ;  on  the  corals  of  the 
Sutton  Stone,  89. 

Duncormick,  Wexford,  section  at,  323. 
Dunkerron,  343. 
Dunkitt  House  to  Mount  Misery, 

Waterfoi'd,  section  from,  326. 
Dunraven,  coast-section  from  Sutton 

to,  75. 
Dunster,  349. 
Echinoderms  from  the  West  Indies, 

Mr.  R.  J.  L.  Guppy  on  Tertiary,  297. 
Echinolampas  lyco])ersicus,  300. 
  ovimi-serpentis,  300. 
  semiorbis,  299. 
Echinometra  acufera,  299. 
Echinoneus  cyclostomus,  301. 
Ecuador,  Lieut.-Col.  E.  St.  John 

Neale  on  the  discovery  of  new  gold- 
deposits  in  the  district  of  Esmeral- 
das,  593 ;  Mr.  J.  S.  Wilson  on  the 
antiquity  of  man  in,  567;  on  the 
geology  of  the  Pacific  coast  of,  567. 

Egerton,  Sir  P.  de  M.  G-.,  on  a  new 
species  of  Acanthodes  from  the  Coal- 
shales  of  Longton,  468. 

Elie,  280. 
Endogenites,  166. 
England  and  France,  Mr.  A.  Tylor  on 

the  valley-gravels  of  part  of,  463. 
England,  species  of  Eryon  from  the 

Lias  and  Oolite  of,  494. 
Eocene  clays  of  the  London  basin. 

Dr.  P.  Martin  Duncan  on  some 

spaces  formerly  occupied  by  Sele- 
nite in  the,  12. 

Eocene  formations  of  the  West  Indies, 
570. 

Eozoonal  rock,  Profs.  W.  King  and 
T.  H.  Eowney  on  the  so-called,  185. 

Eozoon  Canadense,  canal-system  of, 
199 ;  Dr.  W.  B.  Carpenter  on  the 
structure  and  affinities  of,  219 ;  Profs. 
W.  King  and  T.  H.  Eowney  on  the 
general  characters  of,  188 :  proper 
wall  of,  191  ;  sarcode-chambers  of, 
209  ;  stolon-passages  of,  207. 

Epidermal  tissue  of  plants  in  mineral 
charcoal,  141. 

Equisetites  curta,  151. 
Errol,  280. 
Erycina  tensa,  582. 
Eryon  from  the  Lias  and  Oolite  of 

England  and  Bavaria,  Mr.  H.  Wood- 
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ward  on  tlie  species  of  the  genus, 
494. 

Eryon  antiquus,  495. 
•   Barrovensis,  495. 
,   Brodiei,  498. 
■   crassichelis,  497. 
■ — —  Moorei,  499. 

^—  Oppeli,  500. 
  ,  sp.,  500. 
•    Wilmcotensis,  498. 

Esmeraldas,  Ecuador,  new  gold-de- 
posits in,  593. 

Essex,  section  across  a  furrow  of  Trail 

covered  by  Warp,  at  Wivenhoe,  557 ; 
section  of  the  railway  viaduct  over 

Ah^esford  Creek,  562 ;  section  near 
G-reat  Bentley  church,  555. 

Enrynotus,  314. 
Fasciolaria  semistriata,  238. 

Eault  in  ISTorth  Devon,  probable  ex- 
istence of  a  great,  360. 

Faults  in  the  Drift-gravel  at  Hitchin, 
Herts,  Mr.  J.  W.  Salter  on,  565; 

in  the  Lake-country,  485. 
Eelspar-porphyry  of  Ayrshire,  520. 
Felspathic  rocks  of  Ayrshire,  516. 
Fenland,  Mr.  Harry  Seeley  on  the 

gravels  and  drift  of  the,  470. 
Ferns,  vascular  bundles  of,  140. 
Ficula  carbasea,  580. 
Filices  in  the  coal-formations  of  the 

South  Joggins,  135. 
Fisher,  the  Rev.  O.,  on  the  relation 

of  the  Norwich  or  Fluvio-marine 
Crag  to  the  Chillesford  Clay  or 
Loam,  19. 

Fishes  in  the  coal-formations  of  the. 

South  Joggins,  144  ;  sketches  illus- 
trating the  teeth  and  scales  of  some, 

new  genera  of  Carboniferous,  597. 

Flower,  J.  W.,  Esq.,  on  some  flint  im- 
plements lately  found  in  the  valley 

of  the  Little  Ouss  River,  near  Thet- 
ford,  567. 

Fluviatile  drift  of  NewSouth Wales,  444. 

Fluvio-marine  Crag  to  the  Chillesford 
Clay  or  Loam,  relation  of  the,  19. 

Folkestone,  Mr.  H.  W.  Bristow  on 

supposed  remains  of  the  Crag  on 
the  North  Downs  near,  553. 

Foraminifera  froixi  the  Tertiary  As- 
phaltic  bed,  Trinidad,  Prof.  T.  E, 
Jones  on,  592. 

Forest-beds  of  Porlock  Bay,  submer- 

ged,  3. 
Forest  Marble,  Malmesbury,  Wilts, 

Mr.  H.  Woodward  on  the  oldest 

knowii  British  Crab  from  the,  493. 
Fort  WilHani,  280. 
Fossil  British  oxen,  391  ;  Cheloniang 

from  the  ossiferous  caves  and  fis- 
sures of  Malta,  bones  of,  594. 

Fossiliferous  rocks  of  the  county  of 
Galway,  506. 

Fossils  from  the  Bantry  Bay  trough, 
342 ;  Chillesford  beds,  545 ;  Crag  at 
Walton-on-the-Naze,  542  ;  Drift  of 
Barnwell,  476  ;  Forest  Marble, 

Malmesbury,  Wilts,493;  glacial-drift 
of  Caithness,  278  ;  Lias  and  Oolite 

of  England  and  Bavaria,  494  ;  lime- 
stone near  Ballea,  336 ;  Lingula- 

flags  near  Tyddyngwladis  silver- 
lead  mine,  505  ;  Lower  Miocene  de- 

posits of,  574;  Manzanilla  beds, 
Trinidad,  573  ;  Moffat  shales,  Dum- 

friesshire, 503 ;  Mustakh  Hills,  Thi- 

bet, 35  ;  Mya-bed,  22,  26  ;  Oldhaven 
beds  at  Grove  Ferry,  416 ;  Silurian 
rocks  of  Galway,  512  ;  Tertiary  beds 
of  Jamaica,  285  ;  Upper  Miocene 
deposits  of  Cumana,  576 ;  Upper 
Miocene  deposits  of  San  Domingo, 

574 ;  valley  of  Kashmere,  39 ;  val- 
ley of  Rocks,  354 ;  in  the  Coal- 

formations  of  the  South  Joggins, 

125  ;  of  Bluntisham,  471 ;  of  Hun- 
stanton, 473;  of  March,  473;  of 

the  Caribean  Miocene,  table  show- 
ing the  affinities  of  some  of  the, 

588 ;  Crag-beds  of  Belgium,  242 ; 
Devonian  rocks,  365;  Lower  Lon- 

don Tertiaries  of  Kent,  420  ;  RbiE- 
tic  beds  of  South  Wales,  79  ;  Sutton 
and  Southerndown  series,  81. 

Fouque,  M.,  on  the  recent  volcanic 
disturbances  in  the  neighbourhood 
of  Santorino,  320. 

France, -Mr.  A.  Tylor  on  the  valley- 
gravels  of  part  of  England  and, 463. 

Freshwater  shells  from  the  Drift  of 
Barnwell,  477. 

Furfooz  cave,  section  of  the  deposits 
at  the  entrance  of  the,  248. 

Galway,  Prof.  R.  Harkness  on  the 
metamorphic  and  fossiliferous  rocks ! 
of  the  county  of,  506. 

Galway  Bay,  section  from  Killery 
Harbour  to,  507. 

Gararie,  280. 

Geographical  relations  of  the  Mollusca 
of  some  of  the  Scottish  glacial  beds, 

280.  _ 

Geological  considerations  bearing  on. 
the  nature  of  Eozoonal  ophite,  213. 

Geological  cycles,  101. 

Geological  position  of  oil-bearing 
rocks  in  New  South  Wales,  439. 

Geology  of    Michigan,    449;    North.. 
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Devon,  346;  Sinai,  491;  South 
Ireland,  322  ;  the  Isle  of  Man,  488 ; 
the  Lake-covmtry,  480;  tlie  neigh- 

bourhood of  Porlock,  1 ;  the  Pacific 
coast  of  Ecuador,  567. 

German  Ocean,  Mr,  E.  Dawson  on  the 
occurrence  of  dead  littoral  shells  in 
the  bed  of  the,  260. 

Glacial  markings  in  Caithness,  map 
showing  the  direction  of  the,  263. 

Glacial  Period,  place  of  the  Caithness 
Drift  in  the  history  of  the,  272, 

Glacial  phenomena  of  Caithness,  Mr. 
T,  R  Jamieson  on  the,  261, 

Glaciation  of  the  rocks  and  boulders 
of  Caithness,  268. 

Glen  Eoy,  Eev,  E.  Boog  Watson  on 
the  marine  origin  of  the  Parallel 
Eoads  of,  9. 

Glyptodipterines,  Dr.  J,  Young  on 
some  new  genera  of  Carboniferous, 
596. 

Godwin-Austen,  Capt.  H.,  on  the  Car- 
boniferous rocks  of  the  valley  of 

Kashmere,  with  notes  on  the  Bra- 
chiopoda  collected  in  Thibet  and 
Kashmere,  by  T.  Davidson,  Esq., 
29 ;  Carboniferous,  Jurassic,  and 
Cretaceous  (?)  Brachiopoda  from  the 
Mustakli  Hills,  in  Thibet,  collected 
by,  35  ;  Carboniferous  Brachiopoda 
from  the  valley  of  Kashmere  col- 

lected by,  39. 
Godwin-Austen,  E.  A.  C,  Esq.,  on  the 

submerged  forest-beds  of  Porlock 
Bay,  1  ;  on  the  Kainozoic  forma- 

tions of  Belgium,  228. 
Gold  deposits  in  Esmeraldas,  Ecuador, 

Lieut. -Col,  E,  St,  John  Neale  on 
the  discovery  of  new,  593, 

Gravel  at  Hitchin,  Herts,  faults, in 
the,  565. 

Gravel  hillocks  from  Caithness,  ab- 
sence of  Moraines  and,  270. 

Gravel-pit,  section  in  the  Barnwell, 
478, 

Gravels  and  Drift  of  theFenland,  470. 
Gravels  of  part  of  England  and  France, 

463, 
Gravesend,  section  between  Eochester 

and,  434, 
Great  Bentley  Church,  Essex,  section 

near,  555. 
Grenville  Eozoonal  ophite,  characters 

of,  187 ;  nature  of,  213. 
Grose  river,  New  South  Wales,  oil- 

bearing  rocks  of,  446. 
Grove  Ferry,  fossils  from  the  Old- 

haven  beds  at,  416, 
Gryphcea  athyroides,  583, 

Guadeloupe,  Tertiary  deposits  of,  577. 
Guppy,  E.  J,  L.,  Esq.,  on  the  Tertiary 
MoUusca  of  Jamaica,  281  ;  on  Ter- 

tiary Brachiopoda  from  Trinidad, 
295;  on  Tertiary  Echinoderms  from 
the  West  Indies,  297 ;  on  the  rele- 
tions  of  the  Tertiary  formations  of 
the  West  Indies,  with  a  note  on  a 
new  species  of  Banina  from  the 
Tertiary  strata  of  Trinidad,  by  H. 
Woodward,  Esq.,  and  a  note  on  the 
Orbitoides  and  JSTummuHnas  of  the 
Tertiary  Asphaltic  bed,  Trinidad, 
by  Prof.  T,  E,  Jones,  570, 

Halitherium  in  the  Miocene  deposits 
of  Malta,  Dr.  A,  Leith  Adams  on 
the  discovery  of  remains  of,  595. 

Halonia,  sp.,  162. 
Hamilton,  W.  J.,  Esq.  (President), 

address  on  presenting  the  Wol- 
laston  medal  to  Sir  Charles  Lyell, 
xxvii ;  and  to  Mr.  H,  Woodward  on 
handing  him  the  residue  of  the 
Wollaston  donation  fund,  xxix ;  An- 

niversary Address,  February  16th, 
1866,  XXX ;  Notices  of  deceased  Fel- 

lows, Foreign  Membo-s,  and  Foreign 
Correspondents : — Mr,  Henry  Chris- 

ty, XXX ;  Sir  J.  W,  Lubbock,  xxxi ; 
Mr.  Nicholas  Wood,  xxxi ;  Mr. 
Lovell  Eeeve,  xxxiii ;  Dr.  S.  P. 
Woodward,  xxxiv ;  Mr.  G.  E.  Eo- 
berts,  xxxvi ;  Dr.  Cliristian  Pan- 

der, xxxvi ;  Dr.  Karl  von  Eaumer, 
xxxvii ;  Dr.  C.  von  Oeynhausen, 
xxxix ;  Dr.  Forchhammer,  xl ;  Dr. 
Oppel,  xl :  geological  survey  of  the 
United  Kingdom,  xl ;  geological  sur- 

vey of  Canada,  xli ;  Mr.  H.  Y,  Hind 
on  the  geology  of  New  Brunswick, 
xliii ;  geological  survey  of  India, 
xlv  ;  Messrs,  Salter  and  Blandford 
on  fossils  from  Niti,  xlvi ;  Mr.  Salter 
on  British  Trilobites,  1 ;  Mr.  David- 

son on  British  Devonian  Brachio- 
poda, 1 ;  Prof.  Phillips  on  British 

Belemnitida?,  1;  Prof.  Owen  on 
British  Liassic  Eeptilia,  li, ;  Messrs. 
King  and  Eowney  on  Eozoon,  li ; 
Dr.  Carpenter  on  Eozoon,  lii ;  Prof. 
A.  Sismonda  on  organic  remains  in 
gneiss,  lii ;  M.  Barrande  on  Bohe- 

mian Silurian  Cephalopoda,  liii ; 
M.  Barrande's  'Defense  des  Co- 

lonies,' liii ;  Prof.  T.  H.  Huxley 
and  Dr.  Wright  on  reptilian  re- 

mains from  the  Kilkenny  Coal- 
field, lix  ;  M.  A.  Favre  on  the  Car- 

boniferous formation  of  the  Alps, 
Ixi ;   M.   Lory  on  the  geology  of 
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Petit  Coeur,  Ixii ;  Dr.  Giimbel  on 
the    Triassic    rocks   of    Franconia, 
Ixiii ;    Dr.  Waagen  on  the  Upper 
Jurassic  formation,    Ixiv ;    Dr.    F. 
Stoliczka  on  the  Grasteropoda  of  the 
Grosau  beds,  Ixv;    Prof.  Oppel  on 
the  Tithonic  stage,  Ixv ;  Dr.  Laube 
on  the   fauna   of   the   St.   Cassian 
beds,  Ixvi ;  M.  Jules  Martin  on  the 
Bhsetic  formation,   Ixvi;    Dr.   Be- 
necke  on  the  Trias  and  jura  in  the 
Southern  Alps,  Ixvii ;  M.  Renevier 
on  the  Oldenhorn,  Ixvii ;  M.  W.  A. 
Ooster  on  the  fossils  of  the  Swiss 

Alps,  Ixix ;  Herr  von  Rath  on"  the 
copper-mines  of  Monte  Catini,  Ixix ; 
Dr.  Keuss  on  the  fauna  of  the  Up- 

per Oligocene,  Ixx ;  Dr.  F.  Grarrigou 
on    the    Quaternary    deposits    and 
bone-caves  of  the  Pyrenees  and  of 
the  West   of    Europe,    Ixxii ;    M. 

d'Archiac  on  the  Quaternary  fauna, 
Ixxiii ;    Dr.   Maack   on  Lophiodo7i, 
Ixxvi ;  Count  Keyserling  and  Prof. 
Baer  on   the  transport  of   erratic 
blocks,  IxxYii ;  Don  Casiano  di  Pra- 
do  on  the  geology  of  the  province 
of    Madrid,   Ixxix;    M.   Crescenzo 

Montagna's  '  Generazione  della  ter- 
ra,' Ixxxviii ;  M.  Boue  on  Turkish 

geology,  Ixxxviii ;  Dr.  Leidy  on  the 
Cretaceous  reptiles  of  North  Ame- 

rica, xc;  MM.  Capellini  and  Heer 
on  the  leaf -beds  of  Nebraska,  xci ; 
Mr.  Lesley  on  lignite  in  iron-ore  in 
Pennsylvania,  xcii ;  M.  Jules  Mar- 
cou  on  the  Falls  of  Niagara,  xciv ; 
Dr.  Hochstetter  on  the  geology  of 
New  Zealand,  xcv ;  Mr.  J.  F.  Camp- 

bell's "Frost  andFire,"xcvii;  breaks 
in  the  succession  of  strata,  c;  origi- 

nal condition  of  the  earth,  ci. 
Harkness,  Prof.  R.,  on  the  metamor- 

phic  and  fossiliferous  rocks  of  the 
County  of  Galway,  513. 

Harkness,  Prof.  R.,  and  H.  Nicholson, 
Esq.,  on  the  geology  of  the  Lake- 
country,  with  a  note  on  two  species 
of  Trilobites  by  J.  W.  Salter,  Esq., 
F.aS.,  480  ;  on  the  Lower  Silurian 
rocks  of  the  Isle  of  Man,  488. 

"Heaves"  or  "throws"  in  Penhalls 
mine,  535. 

Hitchin,  Herts,  Mr.  J.  W.  Salter  on 
faults  in  the  Drift-gravel  at,  565. 

Hitchin  Station,  section  at,  566. 
Holland,  the  Rev.  F.  W.,  on  the  geo- 

logy of  Sinai,  491. 
Holoptychius,  601. 
Hook  Head,  section  of  part  of,  324. 

Hughes,  T.  M'K.,  Esq.,  on  the  junc- tion of  the  Thanet  Sand  and  the 
Chalk,  and  of  the   Sandgate   beds 
and  Kentish  Rag,  402. 

Hunstanton,  list  of  marine  shells  from 
the  drift  of,  474. 

Hydrothermal    metamorphic    action, 530. 

Hymenophyllites  pentadactyla,  159. 
Ilfracombe,  354 ;  sketch  of  contorted 

beds    traversed    by  slaty    cleavage 
near,  356;  sketch  of  a  small  anti- 

clinal ridge  in  Rapparee  cove,  near, 
356. 

lUawarra  shales,  New  South  Wales, 
441. 

Implements  found  in  the  valley  of  the 
Little  Ouse  River,  near  Thetford, 
Mr.  J.  W.  Flower  on  some  flint, 
567. 

Ireland   (South)   and   North  Devon, 
Mr.  J.  Beete  Jukes  on  the  Carboni- 

ferous  Slate   (or   Devonian    rocks) 
and  the  Old  Red  Sandstone  of,  320. 

Isle  of  Man,  section  across,  489. 
Iveragh,  343. 
Jamaica,  Eocene  deposits  of,  570. 
Jamaica,  Mr.  R.  J.  L.  Gruppy  on  the 

Tertiary  MoUusca  of,  281 ;  on  the 
Upper  Miocene  deposits  of,  575. 

Jamieson,  T.  F.,  Esq.,  on  the  glacial 
phenomena  of  Caithness,  261. 

Jhelum  river,  near  Barns,  Kashmere, 
plan  of  part  of  the  district  on  the 
right  bank  of  the,  34;  section  on 
the  right  bank  of  the,  33. 

Joggins,  fossils  in  the  coal-formations 
of  the  South,  125.  ̂ 

Joggins,  Logan's  section  of  the  South, 105. 

Jones,  Prof.  T.  E-.,  on  the  Orbitoides 
and  Nummulinse   of  the  Tertiary 
asphaltic  bed,  Trinidad,  592. 

Junction  of  the  Thanet  Sand  and  the 
Chalk,  402,  405 ;  of  the  Sandgate 
beds  and  the  Kentish  Rag,  402. 

Jukes,  J.  B.,  Esq.,  on  the  Carboni- 
ferous  Slate    (or   Devonian   rocks) 

and  the  Old  Red  Sandstone  of  South 
Ireland  and  North  Devon,  320. 

Jurassic  Brachiopoda  from  the  Mus- 
takh  Hills,  Thibet,  37. 

Kaimeni  Islands,  documents  relating 
to  the  recent  volcanic  disturbances 
at  the,  318. 

Kainozoic  formations  of  Belgium,  Mr. 
R.   A.  C.   Godwin-Austen  on  the, 228. 

Kashmere,  Capt.  H.  Godwin-Austen 
on  the  Carboniferous  rocks  of  the 
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valley  of,  29 ;  Mr.  T.  Davidson  on 
the  Carboniferous  Brachiopoda  col- 

lected by  Capt.  Godwin-Austen  in 
the  valley  of,  39. 

Keene,  W.,  Esq.,  on  the  brown  can- 
nel,  or  petroleum,  coal-seams  at 
Colley  Creek,  New  South  Wales, 
435. 

Keiss  harbour,  Caithness,  section  at, 
206. 

Kent,    Diagram   section  across,  435 ; 
Mr.  W.  Whitaker  on  the  "  Lower 

London  Tertiaries"  of,  404. 
Kentish  E-ag,  junction  of  the  Sandgate 

beds  and,  402. 

Kerry,  Old  Eed  Sandstone  of  South, 
330. 

Keuper,  near  Bridgend,  72 ;  of  Dares- 
bury,  Cheshire,  Cheirotherian  foot- 

print from  the,  534. 
Keweenau  Point,  Michigan,  mines  of, 

455. 

Khoonmoo,  Kashmere,  section  across 
the  entrance  of  the  ravine  above  the 

village  of,  34 ;  section  near,  32. 
Kilchattan,  280. 
Kilkenny,  Old  Eed  Sandstone  of,  327. 

Killery  Harbour  to  Gralway  Bay,  sec- 
tion from,  507. 

Kiltorcan  Hill,  section  across,  328. 

King,  Prof.  W.,  and  Prof.  T.  H.  Eow- 
ney  on  the  so-called  Eozoonal  rock, 
185. 

King-Edward,  Aberdeenshire,  280 ; 
section  at,  274,  275. 

Kinsale,  Old  Head  of,  339. 

Knockadoon  and  Sheeps  Head  anti- 
clinal, 335. 

Knocktopher  to  Arrigle  Brook,  section 
from,  328. 

Knorria  Sallonii,  164. 
Lac  la  Belle,  Michigan,  section  from 

Copper  Harbour  to,  456. 
Lake-basins  in  New  Zealand,  Mr.  W. 

T.  Locke-Travers  on  the  formation 
of,  254. 

Lake-country,  Prof.  E.  Harkness  and 
Mr.  H.  Nicholson  on  the,  480. 

Land-animals  in  the  coal-formations 
of  the  South  Joggins,  145. 

Land-shells  from  the  drift  of  Barn- 
well, 477. 

Latirus  infundibulum,  288. 
Laurentian  rocks  of  Canada,  Dr.  J. 

W.  Dawson  on  supposed  barrows 
of  worms  in  the,  608. 

Lepidodendron  in  the  coal-formations 
of  the  South  Joggins,  137. 

Lepidodendron  aculeatum,  162. 
  binerve,  161. 

Lepidodendron  clypeatum  ?,  162. 
  cormgatum,  160. 
  decurtatum^  161. 
  dichotomum,  161. 
  dilatatum,  161. 

  elegans,  161. 

  gracile,  161. 
  Harcourtii,  162. 

  personatum,  162. 
  Pictoense,  160. 

  2oUcatum,  162. 
•   plumarium,  162. 
  rimosum,  161. 

  selaginoides,  162. 
  ,  sp.,  161. 
  tumidum,  161. 
  undulatum,  161. 

Lepidophloios  in  the  coal-formations 
of  the  South  Joggins,  138. 

Lc])ido'pMoios  Acadianus,  163. 
  parvus,  163. 
  ■  platy  stigma,  164. 
  prominulus,  163. 
  tetragonus,  164. 

Lepidophyllum  intermedium,  163. 
  lanceolatum,  163. 
  majus  ?,  163. 
  ,  sp.,  163. 
  trinerve  ?,  163. 

Lepidopleurida^,  Dr.  J.  Young  on  the 
suborder,  315. 

Lepidostrobus  longifolius,  162. 
  ,  sp.,  162. 
  squamosus,  162. 
■   trigonolepis,  163. 
  variabilis,  162. 

Lewisham,  section  in  the  neighbour- 
hood of,  435. 

Lias  and  Ehsetic  beds  near  Wells, 
Somersetshire,  Eev.  P.  B.  Brodie 
on  a  section  of  Lower,  93. 

Lias  of  South  Wales,  79. 

Lias,    species    of    Eryon    from    the, 
494. 

Library,  donations  to  the,  ix,  46,  170, 

372,  610. 
Lima  angusta,  83. 
  Bunravcncnsis,  83. 

  planicostata,  83. 
  ,  sp.,  84. 
  suhduplicata,  83. 
  tubercalata,  82. 

Limestone    and    serpentine    in   Ayr- 
shire, association  of,  530. 

Lingula-flags,  Mr.  J.  Plant  on  Pri- 
mordial fossils  from  the,  505. 

Lisoughter,  Eozoonal  ophite  of,  510. 
List  of  bones  from  the  drift  of  Barn- 

well, 476 ;  of  fossils  from  the  beds 
between  the  London  Clay  and  the 
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Chalk,  with  their  range  upward  in- 
to the  basement  bed  of  the  London 

Clay,  into  the  London  Clay,  and 
into  the  beds  above  the  London 

Clay,  422  ;  from  the  drift  of  Blun- 
tisham,  471 ;  from  the  Lingula- 
flags  near  Tyddyngwladis  silver- 
lead  mine,  505 ;  from  the  West 
Indies,  574;  of  land  and  fresh- 

water shells  from  the  drift  of  Barn- 
well, 477;  of  marine  shells  from 

the  drift  of  March,  473 ;  of  Hun- 
stanton, 474;  of  Mollusca  whose 

shells  are  found  in  the  glacial 
drift  of  Caithness,  278 ;  of  shells 
from  the  Mya-bed,  22,  26;  of 
species  of  Mollusca  from  the  Crag 

at  Walton-on-the-IS'aze,  542  ;  from 
the  Tertiary  beds  of  Jamaica,  285 ; 
of  the  characteristic  fossils  of  the 

Crag-beds  of  Belgium,  242 ;  of  the 
fossils  from  the  Oldhaven  beds  at 
Grove  Ferry,  417;  of  the  Ehsetic 
beds  of  South  Wales,  79. 

Lithological  character  of  the  Old  Red 
Sandstone  and  Carboniferous  Slate, 
changes  in  the,  344. 

Little  Ouse  River,  near  Thetford,  flint 
implements  found  in  the  valley  of 
the,  567. 

Littoral  shells  in  the  bed  of  the  Ger- 
man Ocean,  260. 

Liverpool  plains.  New  South  Wales, 
petroleum  coal-seams  at  Colley 
Creek,  435,  440. 

Llandeilo  flags,  Dumfriesshire,  Mr.  H. 
Woodward  on  a  new  genus  of  Phyl- 
lopodous  Crustacea  from  the  Mof- 

fat shales,  503. 

Lloyd,  St.  Vincent,  Esq.,  on  the  re- 
cent volcanic  disturbances  in  the 

neighbourhood  of  Santorino,  318. 
Locke-Travers,  W.  T.  L.,  Esq.,  on  the 

formation  of  lake-basins  in  New 
Zealand,  254. 

Loss  of  Belgium,  251. 
Logan,  Sir  W.  E.,  section  of  the  South 

Joggins  coal-field,  105. 
Loncho^pteris  tenuis,  156. 
London  basin,  spaces  formerly  occu- 

pied by  selenite  in  the  Lower 
Eocene  clays  of  the,  12. 

London  Tertiaries  of  Kent,  Mr.  W. 
Whitaker  on  the  Lower,  404. 

London,  sections  near,  435. 
Longitudinal  section  along  the  valley 

of  Watcombe,  466  ;  of  Marychurch 
valley,  466;  of  the  Central  Mine, 
Michigan,  457. 

Longton,  Sir  P.  G.  Egerton  on  a  new 

species  of  Acanthodes  from  the  coal- shales  of,  468. 
Loodoo,  Kashmere,  section  on  the 

south  side  of  the  Vihi  valley,  near 
the  village  of,  35. 

Louvain,  Crag -beds  and  Rupellien 
clay  near,  235 ;  section  showing 
Crag-sand  and  shingle  capping  a 
hill  east  of,  235. 

Lower  Carboniferous  formations  of 
Nova  Scotia  and  New  Brunswick^ 
97 ;  London  Tertiaries  of  Kent,  404; 
Miocene  formations  of  the  West  In- 

dies, 571 ;  Silurian  rocks  of  Car- 
rick,  Ayrshire,  513;  of  the  Isle  of 
Man,  488 ;  of  the  Lake-country, 
480;  of  Wexford,  323. 

Lucina  Pennsylvanica,  292. 
Lyell,  Sir  C,  award  of  the  Wollastou 

medal  to,  xxvii. 
Lynmouth  to  Simonsbath,  section 

from,  353. 

Lynton,  350. 
Mactrinula  onacescens,  581. 
Madreporaria  from  the  Sutton  Stone, 

89. 
Malea  camura,  287. 
Malmesbury,  Wilts,  fossil  crab  from 

the  Forest  Marble,  493. 
Malta,  Dr.  A.  Leith  Adams  on  bones 

of  fossil  Chelonians  from  the  ossi- 
ferous caves  and  fissures  of,  594 ; 

on  remains  of  Halitherium  in  the 
Miocene  deposits  of,  595. 

Man,  evidence  in  the  Barnwell  gravel 
of  the  existence  of,  477. 

Man  in  Ecuador,  Mr.  J.  S.  Wilson  on 
the  antiquity  of,  667. 

Man  (Isle  of),  Prof.  Harkness  and 
Mr.  PI.  Nicholson  on  the  Lower 
Silurian  rocks  of  the,  488. 

Manzanilla  beds,  Trinidad,  fossils 
from  the,  573. 

Map  of  Caithness,  showing  the  bound- 
ary of  the  dark-grey  drift,  and  the 

direction  of  the  glacial  markings, 
263 ;  of  parts  of  the  provinces  of 
Nelson  and  Marlborough,  new  Zea- 

land, 255  ;  of  the  district  of  Yihi, 
Kashmere,  30 ;  of  the  neighbour- 

hood of  Porlock,  2 ;  showing  the 
extent  of  the  Crag-sea  area,  240. 

March,  list  of  marine  shells  from, 
473  ;  section  at,  472. 

MargineUa  coniformis,  288. 
Marine  origin  of  the  Parallel  Roads 

of  Glen  Roy,  9;  silt  of  Porlock 

Bay,  5. 
Marychurch  valley,  longitudinal  sec- 

tion of,  466. 
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Megalichthys,  606 ;  sketch  of  a  scale 
of,  597. 

Megaphyton  in  the  coal-formations  of 
the  South  Joggins,  136. 

Megaphyton  humile,  160. 
  magnificum,  159. 
Melanopsis  ca'pula,  580. 
Mesolepis  scalaris,  313. 
   WardU^V^. 
Metallic  minerals  of  Michigan,  451. 
Metamorphic  and  fossiliferous  rocks 

of  the  county  of  Galway.  Prof.  E. 
Harkness  on  the,  506 ;  Lower  Si- 

lurian rocks  of  Carrick,  Ayrshire,  513. 
Metamorphism,  hydrothermal,  513. 
Michigan,  Mr.  H.  Bauerman  on  the 

copper-mines  of,  448. 
Middle  Coal-formation  of  Nova  Scotia 

and  New  Brunswick,  97 ;  Lias  of 
South  Wales,  79. 

Midleton  and  Cork  trough,  lower 
limestone  shale  of  the,  333. 

Millstone-grit  of  Nova  Scotia  and  New 
Brunswick,  97. 

Milton  Lane,  near  Wells,  section  at,  94. 
Mineral  characters  of  Grenville  Eo- 

zoonal  Ophite,  1 87  ;  charcoal,  tissues 

in,  140 ;  condition  of  oi^ganic  re- 
mains in  the  Woolwich  beds,  13. 

Mineral  range,  Michigan,  section  of 
the  Trappean  belt  of  the,  452. 

Mines  of  the  State  of  Micliigan,  448. 
Miocene,  age  of  the  Caribean,  577 ; 

deposits  of  Malta,  remains  of  Hali- 
therium  in  the,  595  ;  formations  of 
the  West  Indies,  571 ;  of  Jamaica, 
relationships  of  the,  281. 

Mitra  Henekeni,  288. 
Mizen  Head,  340. 

Modiola  imhricaio-radiata,  87. 
Moffat  shales  (Llandeilo  flags),  Dum- 

friesshire, Mr.  H.  Woodward  on  a 

new  genus  of  Phyllopodous  Crus- 
tacea from  the,  503. 

MoUusca  from  the  Chillesford  beds, 

545  ;  from  the  Crag  at  Walton-on- 
the-Naze,  542 ;  of  Jamaica,  Tertiary, 
281  ;  of  some  of  the  Scottisli  glacial 
beds,  geographical  relations  of  the, 
280 ;  of  the  glacial  Drift  of  Caith- 

ness, list  of,  278. 

Moraines  and  gravel-hillocks  from 
Caithness,  absence  of,  270. 

Morteboe,  357. 
Mount  Calabash,  Trinidad,  section 

from  Nariva  Swamp  to,  573. 
Mount  Misery,  Waterford,  section 

from  Dunkitt  House  to,  326. 
Murex  Domingensis,  288. 
Museum,  donations  to  the,  viii. 

Mustakh  Hills,  Thibet,  Bracliiopoda 
from  the,  35. 

Mya-bed,  shells  from  the,  22,  26. 
Myrtle  Hill,  section  from  Balleaacross, 335. 

Nariva  Swamp  to  Mount  Calabash, 
Trinidad,  section  from,  573. 

Nassa  solidula,  579. 
Natica  mammillaris,  291. 

  'phasianelloides,  291. 
  Pylensis,  89. 
  suhdausa,  290. 
  sulcata,  291. 

Nattai  river,  New  South  Wales,  oil- 
bearing  rocks  of  the,  442. 

Neale,  Lieut.-Col.  E.  St.  J.,  on  the 

discovery  of  new  gold-deposits  in 
the  district  of  Esmeraldas,  Ecuador, 
593. 

Nelson  and  Marlborough,  New  Zea- 
land, sketch  map  of  parts  of  the 

provinces  of,  255. 
Neritma  Woodwardi,  291. 

Neuropteris  acutifolia,  155. 
  attenuata,  155. 
  auriculata,  155. 
■ — —  conjugata,  155. 
  cordata,  154. 

  cycloptcroides,  155. 
  dentata,  155. 
  flexuosa,  155. 

  gigantea,  155. 
  heterophylla,  155. 
  ■  Loshii,  155. 

  perelegans,  154. 
  rarinervis,  154. 
  Soretii,  155. 
  Voltzii,  155. 

New  Brunswick,  Dr.  J.  W.  Dawson 
on  the  Coal-formation  of,  95. 

New  South  Wales,  Eev.  W.  B.  Clarke 
on  the  occurrence  and  geological 

position  of  oil-bearing  rocks  in,  439 ; 
Mr.  W.  Keene  on  the  examination 

of  brown  cannel,  or  petroleum,  coal- 
seams  at  Colley  Creek,  Liverpool 
Plains,  435. 

New  Zealand,  formation  of  lake- 
basins  in,  254. 

Nicholson,  H.,  Esq.,  and  Prof.  R. 
Harkness  on  the  geology  of  the 

Lake-country,  with  a  note  on  two 
species  of  Trilobites  by  J.  W. 
Salter,  Esq.,  E.G.S.,  480;  on  the 
Lower  Silurian  rocks  of  the  Isle  of 

Man,  488. 
Noeggerathia  dispar,  153. 
  flabellata,  153. 

North  Devon,  geological  structure  of, 
345. 
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North  Downs,  outliers  of  sand  on  the, 
430  ;  supposed  remains  of  the  Crag 
on  the,  553. 

Norwich  or  Fluvio-marine  Crag  to  the 
Chillesford  Clay  or  Loam,  Kev.  O. 
Fisher  on  the  relation  of  the,  19. 

Nova   Scotia,   Dr.  J.  W.  Dawson  on 
the  Coal-formation  of,  95, 

Nummulinte  of  the  Tertiary  asphaltic 
bed,  Trinidad,  Prof.  T.  R.  Jones  on 
the  Orbitoides  and,  592. 

Odontopteris  Schlotheimii,  155. 
  subcuneata,  155. 
Oil-bearing  rocks  in  New  South  Wales, 

geological  position  of,  439. 
Oldhaven  beds,  Mr.  W.  Whitaker  on 

the,  412. 
Old  Eed  Sandstone  of  South  Ireland 

and    North  Devon,   Mr,    J.    Beete 
Jukes   on  the   Carboniferous  Slate 
(or  Devonian  rocks)  and  the,  320. 

Oliva  reticularis,  288. 
Ontonagon  district,  Michigan,  458. 
Oolite,  species  of  Eryon  from  the,  494. 
Ophite,   characters  of  Grrenville  Eo- 

zoonal,   187 ;    nature  of  Eozoonal, 
213. 

Orbitoides   and   Nummulinse   of    the 
Tertiary  asphaltic   beds,    Trinidad, 
Prof.  T.  R.  Jones  on  the,  592. 

Orford  to  Thorpe  near  Aldborough, 
section  from,  21. 

Origin  of  Copper,  459 ;   of  Selenite, 
15  ;  of  the  Parallel  Roads  of  Glen 
Roy,  9. 

Orthis,  sp.,  36. 
Ostrea  lavis,  84. 

•   multicostata,  84. 
Oxen,  Mr.  W.  Boyd  Dawkins  on  the 

fossil  British,  391. 
Pacific  coast  of  Ecuador,  geology  of 

the,  567. 
Paisley,  280, 
FalcBinachus  longi'pes,  494, 
Palaeontology  of  the   Caribean    area, 

670. 
Palaopteris  Acadica,  159. 
  Harm,  159. 
Palaeozoic    age   in   Eastern  America, 

cycles  in  the,  102 ;  rocks  near  Por- 
lock,  3. 

Panoramic  sketch  of  the  hills  around 
the  Villi  valley,  Kashmere,  31. 

Paragenesis  of  minerals,  459. 
Parallel  Roads  of  Grlen  Roy,  Rev.  R. 

Boog  Watson  on  the  marine  origin 
of  the,  9. 

Fatclla  Suttoncnsis,  88. 
Pecopteris  abbreviata,  168. 
  acuta,  158. 

Pecopteris  osqualis,  158. 
  arborescens,  157. 
  Bucklandi,  1.58. 
  cyathea,  158. 
  decurrens,  159. 
  longifolia,  158. 
  or  copter  oides,  158. 
  Pluckenetii,  159. 
  plumosa,  158. 
  polymorpha,  158. 
  rigida,  158. 
  Sillimani?,  :58. 

  ta3nio]Dteroides,  158.   unita,  158. 
  villosa,  158. 
Pecten  Etheridgii,  81. 
  exasperatus,  294. 
  incequalis,  294. 
  ,  sp.,  82. 
  Suttonensis,  81. 
Pectunculus  acuticostatus,  293. 
  pennaceus,  293. 
Peltocaris  aptychoides,  504. 
Penhalls   mine,   Mr.  J.  W.  Pike  on 

some     remarkable     "  heaves "      or 
"  throws"  in,  535, 

Pern  a  ?  Ramsayi,  86. 
Persona  simiUi'ma,  288. 
Petroleum  Coal-seams  in  New  South 

Wales,  435,  439, 
Pewabic  lode  to  the  Albany  and  Bos- 

ton conglomerate,  Michigan,  section 
from  the,  453 ;  mine,  section  of  the 
Pewabic  lode   in   the   end  of  the 
130-fm.  level,  454. 

Phacops  Nicholsoni,  486. 
Phos  elegans,  290, 
■   ilfoom,  290, 

Phyllopodous  Crustacea  from  the  Mof- 
fat shales,  Dumfriesshire,  506. 

Phyllojpteris  antiqiia,  167. 
Physical  conditions  attending  the  de- 

position of  Coal,  98. 
Pickwell  Down,  357. 

Pike,  J.  W.,  Esq.,  on  some  remarka- 
ble "heaves"  or  "throws"  in  Pen- 

halls  Mine,  635. 
Pinna  insignis,  85. 
Pinnularia  capillacea,  153. 
  crassa,  153. 

  ramosissima,  153. 
Plan  of  part  of  the  district  on  the 

right  bank  of  the  Jhelum  river,  near 
Barus,  Kashmere,  34 ;  of  the  ridge 
near  Zebanwan,  Kashmere,  32. 

Plant,  J.,  Esq.,  on  the  discovery  of 
Primordial  Fossils  in  the  Lingu- 
la-flags  in  the  neighbourhood  of 
Tyddyngwladis  Silver-lead  Mine, 505. 
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Plant-growth  in  PorlockBay,  submerg- 
ed surface  of,  5, 

Plants  in  the  coals  of  the  South  Jog- 
gins,  genera  of,  126 ;  rate  of  growth 
of  Carboniferous,  141. 

Platysomus  and  allied  genera,  Dr.  J. 
Young  on  the  affinities  of,  301  ; 

diagrammatic  restoi'ation  of  the 
head  of,  304. 

Maty S0771US  par vulm,  303. 
Pleurotoma  Barretti,  290. 
  consors,  289. 
•   Jamaicense,  290. 
  venustum,  289. 
Plicatula  acuminata,  80. 
■   intusstriata,  86. 

Plumstead  Common  and  Abbey  "Wood, section  at,  435. 

Polder-mud  of  Belgium,  251. 
Porcupine  Mountains,  Michigan,  453. 

Porlock  Bay,  Mr.  E.  A.  C.  Godwin- 
Austen  on  the  submerged  forest- 
beds  of,  1. 

Post-glacial  period  in  Caithness,  276. 

Priest's  Leap,  section  from  Eeenydo- 
negan  Lough  across  Coomhola 
Mountain  to,  341. 

Primordial  fossils  in  the  neighbour- 
hood of  Tyddyngwladis  silver-lead 

mine,  Mr.  J.  Plant  on,  305. 
Productus  Cora,  43. 

■   Humboldtii,  43. 
•   IcBvis,  44. 

  longispinus  ?,  43. 
•   scabriculus,  43. 
•   semireticulatus,  36,  43. 
  ,  sp.,  44. 
■   spimdosus  ?,  44. 
  striatus  ?,  44. 

"  Proper  wall"  of  Eozoon  Canadense, 
191. 

Psaronius,  sp.,  159. 

Pychnophyllum  in  the  coal-forma- 
tions of  the  South  Joggins,  139. 

Pycnodus,  diagrammatic  restoration 
of  the  head  of,  304. 

Pyle,  South  "Wales,  Ehcetic  beds  near, 

Quebrada  of  Chancama,  Ecuador,  569. 
Queenstown,  335. 

'Ranella  crassa,  288. 

Range  of  Bos  "tJrus  in  space  and  time, 397. 

Eanina  from   the  Tertiary  strata  of 
Trinidad,  Mr.  H.  Woodward  on  a 
new  species  of,  591. 

JRanina  p)orifera,  591. 
EappareeCove  near  Ilfracombe,  sketch 

of  a  small  anticlinal  ridge  in,  356. 
Eeading  and  Woolwich  beds,  409. 

Eed  Crag,  Mr.  S.  V.  Wood  on  the 
structure  of  the,  538. 

Eeedy  Creek,  IsTew  South  Wales,  oil- 
bearing  rocks  of,  444. 

Eelations  of  the  divisions  of  the 

"Lower  London  Tertiaries,"  418. 
Eeshpur,  Kashmere,  section  along  a 

spur  from  Wasterwan  between 
Bar  as  and,  31. 

Eeenydonegan  Lough  across  Coom- 
hola Mountain  to  Priest's  Leap, 

section  from,  341. 
Bhabdocarpus  insignis,  150. 
  ,  sp.,  150. 
Ehcetic  beds  in  South  Wales,  Mr.  E. 

B.  Tawney  on  the  western  limit  of 
the,  69  ;  near  Wells,  Somerset,  Eev. 
P.  B.  Brodie  on  a  section  of  Lower 
Lias  and,  93. 

Ehizodopsis,  596 ;  sketches  of  a  scale 
of,  597. 

Ehizodus,  599 ;  sketch  of  a  tooth  and 
a  scale  of,  597;  Dr.  J.  Young  on 
the  scales  of,  317. 

Rhomboptychius,  604 ;  sketches  of  a 
tooth  and  a  scale  of,  597. 

B.Jiync'honella  Barumensis,  42.   Kaskmeriensis,  42. 
  Kafoncnsis,  37. 

  pleurodon,  var.  Davreuxiana,  SO. 
  ,  sp.,  38. 

Eochester  and  Grravesend,  section  be- 
tween, 434. 

Eochester  (Upnor),  section  at  434. 
Eocks,  Lvnton,  section  across  the  val- 

ley of,  351. 
Eowney,  Prof.  T.  H.,  and  Prof.  W. 

King,  on  the  so-called  Eozoonal 
rock,  185. 

Eupellien  clay  of  Schelle,  234. 
Sables  de  la  Campine,  250. 
Salter,  J.  W.,  Esq.,  on  faults  in  the 

Drift-gravel  at  Hitchin,  Herts,  565 ; 
on  two  species  of  Triiobites  from 
the  Lower  Silurian  rocks  of  the 
Lake-country,  486. 

San  Domingo,  Upper  Miocene  deposits 

of,  574. 
San  Fernando,  Trinidad,  section  at, 

571. 
Sandgate  beds  and  Kentish  Eag,  Mr. 

T.  M'Kenny  Hughes  on  the  junc- 
tion of  the,  402. 

Sangatte  beach,  Mr.  E.  A.  C.  Godwin- 
Austen  on  the,  253. 

Santorino,  documents  relating  to  the 
recent  volcanic  disturbances  in  the 

neighbourhood  of,  318. 
Sarcode-chambers  of  Eozoon  Cana- 

dense, 209. 
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Scalariform  vessels,  140. 
Scaldesien  deposits  near  Antwerp,  231. 
Scales  of  new  genera  of  Carboniferous 

fishes,  sketches  illustrating  the  teeth 
and,  597. 

Scales  of  Rhizodus,  Dr.  J.  Young  on 
the,  317. 

Schelle,  Rupellien  clay  of,  234, 
Schizaster  Scillge,  301. 

Scotland,  relation  of  the  Caith- 
ness Drift  to  that  of  the  rest  of, 

270. 

Scottish  glacial  beds,  table  showing 
the  geographical  relations  of  groups 
of  Mollusca  whose  shells  occur  in 
some  of  the,  280. 

Scrabster  Harbour,  Caithness,  section 
at,  264. 

Scrobicularia-Crag,  544. 
Section  across  a  furrow  of  Trail  cover- 

ed by  Warp,  Wivenhoe,  Essex,  557 ; 
Bilberry  Hill,  334 ;  Kent,  from  the 
Tertiary  Escarpment  to  the  Weald, 
435 ;  Kiltorcan  Hill,  from  Knock- 
topher  to  Arrigle  Brook,  328 ;  North 

Devon,  360  ;  the  Comeragh  Moun- 
tains, 328 ;  the  entrance  of  the  ra- 

vine above  the  village  of  Khoonmoo, 
Kashmere,  34;  the  Isle  of  Man, 
489  ;  the  Valley  of  Rocks,  351  ; 

along  a  spur  from  Wasterwan,  be- 
tween Barus  and  Reshjour,  Kash- 

mere, 31 ;  the  valley  of  Watcombe, 
466  ;  at  Blackheath  and  Woolwich, 
435  ;  Duncormick,  Wexford,  323 ; 

Hitchin  Station,  566  ;  Keiss  Har- 
bour, Caithness,  266 ;  King-Edward, 

Aberdeenshire,  274,  275;  March, 
472  ;  Milton  Lane,  near  Wells,  94  ; 
Plumstead  Common  and  Abbey 
Wood,  435;  Rochester  (TJpnor), 
434 ;  San  Fernando,  Trinidad,  571 ; 
Scrabster  Harbour,  Caithness,  264 ; 
Shottenden  Hill,  434;  the  foot  of 
a  ridge  from  Zebanwan,  Kashmere, 

32  ;  the  railway  viaduct  over  Aires- 
ford  Creek,  Essex,  562 ;  Wick  Bay, 
Caithness,  265  ;  between  Rochester 
and  Grravesend,  434  ;  from  Babba- 
combe  to  Watcombe,  466 ;  Ballea 
across  Myrtle  Hill,  335  ;  Coi:)per 
Harbour  to  Lac  la  Belle,  Michigan, 
456;  Dunkitt  House  to  Mount 
Misery,  Waterford,  326 ;  Killery 
Harbour  to  Galway  Bay,  507  ;  Lyn- 
mouth  to  Simonsbath,  353 ;  Nariva 

Swamp  to  Mount  Calabash,  Trini- 
dad, 573 ;  Orford  to  Thorpe,  near 

Aldborough,  21  ;  Reenydonegan 
Lough  across  Coorahola  Mountain 

to  Priest's  Leap,  341 ;  Sutton  to 
Dunraven,  75;  the  Pewabic  Lode 

to  the  Albany  and  Boston  Conglo- 
merate, Michigan,  453 ;  in  a  ditch 

on  the  Tendring  Hundred  Railway 
near  Colchester,  562 ;  Penhalls 

mine,  537 ;  the  Barnwell  gravel- 
jjit,  478;  the  neighbourhood  of 
Canterbury,  434 ;  of  Lewisham, 
435;  of  Sittingbourne,  434; 

near  Ballinhassig,  337 ;  Khoon- 
moo, Kashmere,  32 ;  London,  435  ; 

of  a  furrow  which  crosses  the 

Tendring  Hundred  Railway  near 

G-reat  Bentley  Church,  Essex,  555  ; 
a  pit  in  Victoria  Road,  Cambridge, 
561  ;  Lower  Lias  and  Rhretic  beds 
near  Wells,  Somersetshire,  93; 
Marychurch  valley,  466 ;  part  of 
Hook  Head,  324 ;  Southerndown 

cliff,  75 ;  the  Central  Mine,  Michi- 

gan, 457 ;  the  deposits  at  the  en- 
trance of  the  Furfooz  cave,  248 ; 

the  Pewabic  Lode  in  the  end  of  the 

130-fm.  level,  Pewabic  Mine,  454 ; 
the  point  at  Chancama,  Ecuador, 

569 ;  the  South  Joggins  Coal-field, 
105  ;  the  Trappean  belt  of  the  mine- 

ral range,  Michigan,  452 ;  Trail  at 
Calne  railway-station,  Wilts,  556 ;  at 
Woking,  Surrey,  556  ;  in  a  pit  east 
of  Chillesford  church,  Suffolk,  556 ; 

near  Villa  Farm,  Tendring  Hun- 
dred Railway,  557 ;  on  the  right 

bank  of  the  Jhelum  river,  near 
Barus,  Kashmere,  33  ;  the  south  side 
of  the  Vihi  valley,  near  the  village 
of  Loodoo,  Kashmere,  35 ;  Thurso 
Water,  near  Thurso,  267 ;  showing 
Crag-sand  and  shingle  capping  a 
hill  east  of  Loavain,  235  ;  the  posi- 

tion of  the  Bulchamp  and  Wangford 

Crag-pits  relatively  to  the  Chilles- 
ford Clay,  540;  of  the  Thorpe 

Crag-|)it  relatively  to  the  Chilles- 
ford Clay,  539 ;  Warp  cut  off  by 

erosion  of  a  stream,  563 ;  the  gene- 
ral relations  of  the  formations  in 

Trinidad,  572. 

Sections  illustrating  supposed  Annelid- 
tubes  in  the  Laurentian  rocks  of 
Canada,  609. 

Seeley,  H.,  Esq.,  on  the  Gravels  and 
Drift  of  the  Fenland,  470. 

Selenite  in  the  Lower  Eocene  Clays  of 
of  the  London  basin.  Dr.  P.  Martin 
Duncan  on  some  spaces  formerly 
occupied  by,  12. 

Serpentine  of  Ayrsliire,  527;  Conne- 
mara,  509. 
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Sheeps  Head  and  Knockadoon  Head 
anticlinal,  335. 

Shells  from  the  Chillesford  beds,  545  ; 

Crag  at  Walton-on-tlie-Naze,  542; 
drift  of  Barnwell,  477;  Hunstan- 

ton, 474;  March,  473;  the  Mya- 
bed,  22,  26 ;  the  Tertiary  beds  of 
Jamaica,  list  of,  285 ;  in  the  bed  of 
the  German  Ocean,  forty  miles  from 
the  coast  of  Aberdeen,  Mr.  R.  Daw- 

son on  the  occurrence  of  dead  lit- 
toral, 260 ;  Coal-formations  of  the 

South  Joggins,  143  ;  drift  of  Caith- 
ness, state  of  the,  267 ;  of  some  of 

•  the  Scottish  glacial  beds,  geographi- 
cal relation  of  the,  280 ;  the  Crag- 

beds  of  Belgium,  242;  the  glacial 
drift  of  Caithness,  list  of,  278. 

Shingle-beach  of  Porlock  Bay,  4. 
Shottenden  Hill,  section  at,  434. 

Sigillariee  in  the  coal-formations  of 
the  South  Joggins,  128. 

Sigillaria  {Fa  vularia)  Bretonensis,  148. 
  Brownii,  146. 
  catenoides,  147. 
  Doiu'nansii,  148. 
  {Favularia)  elegans,  146. 
  elongata,  147. 
  eminens,  148. 
  flexuosa,  147. 
  Knorrii,  148. 
  laevigata,  147. 
  (Clathraria)  Menardi,  147. 
  organum,  147. 
  pachyderma,  147. 
— —  planicostu,  147. 
  reniformis,  146. 

  (Rhytidolepis)  Saullii,  146. 
■  (   )  Schlotheimiana,  146. 
  (   )  scutellata,  146. 
  ,  sp.,  147. 
  striata,  147. 

•   (Asolanus)  Sydnensis,  147. 
  (Favularia)  tessellata,  146. 
Silurian  rocks  of  Carrick,  Ayrshire, 

Mr.  J.  Geikie  on  the  Metamorphic 
Lower,  513  ;  the  Isle  of  Man,  488  ; 

the  Lake-country,  480;  Wexford, 
323. 

Simonsbath,  section  from  Lynmouth 
to,  353. 

Sinai,  Eev.  F.  W.  Holland  on  the 

geology  of,  491. 
Sittingbourne,  section  in  the  neigh- 

bourhood of,  434. 

Skeleton  (intermediate)  of  Eozoon  Ca- 
nadense,  212. 

Sketches  illustrating  the  teeth  and 
scales  of  some  new  genera  of  Car- 

boniferous Fishes,  697. 

Sketch  map  of  Caithness,  showing  the 

boundary  of  the  dark-grey  drift,  and 
the  direction  of  the  glacial  markings, 

263 ;  parts  of  the  provinces  of  Nel- 
son and  Marlborough,  New  Zealand, 

255 ;  the  district  of  Villi,  Kashmere, 
30 ;  the  neighbourhood  of  Porlock,  2. 

Sketch  of  a  small  anticlinal  ridge  in 

Rapparee  Cove,  near  Ilfracombe, 
356;  contorted  beds  traversed  by 

slaty  cleavage,  half-a-mile  east  of 
Ilfracombe,  356  ;  panoramic,  of  the 

hills  around  the  Villi  valley,  Kash- 
mere, 31. 

Skibbereen,  335. 
Skiddaw  slates,  480. 
Solarium  quadriseriatum,  291. 
Solenites,  166. 
Somerset,  Lower  Lias  and  Ehtetic  beds 

near  Wells,  93. 

Somme,  valley -gravels  of  the,  464. 
Southerndown  Cliff,  vertical  section 

of,  75. 
Southerndown  series,  74. 

South  Ireland,  Upper  Palaeozoic  rocks 

of,  322. South  Wales,  \restern  limit  of  the 
E-hretic  beds  in,  69. 

SpacesformerlyoccupiedbySelenite,12. 
Spencer  Mountains,  New  Zealand, 

sketch  map  of  parts  of  the  provinces 
of  Nelson  and  Marlborough  in  the 
neighbourhood  of  the,  255. 

Sphenophyllum  emarginatum,  152. 
  erosum,  152. 

  longifolium,  152. 
   saxifragifolium,  152. 
  •  Schlotheimii,  152. 

Sphenopteris  artemisieefolia,  156. 
  Ca7iadensis,  156. 
  decipiens,  156. 
  gracilis,  156. 

  hymenophylloides,  156. 
  latior,  156. 

  Lesquereuxii,  156. 
  microloba,  1 56. 
■   munda,  156. 

  obtusiloba  ?,  156. 

Spirifera  Barusiensis,  42. 
  Kashmeriejisis,  41. 
  MoosaJchailensis,  41. 
  Eajah,  40. 

  ,  sp.,  36. 
   Vihiana,  41. 

Spirorbis  carbonarius,  144. 
  clymenioides,  584. 

Sporangites  in  the  coal-formations  of 
the  South  Joggins,  139. 

—i — glabra,  165. 

  ;pa2nllata,  165. 
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Sternbergia,  165. 

Stolon-passages  of  Eozoon  Canadense, 
207. 

Stones  imbedded  in  the  di-ift  of  Caith- 
ness, character  of  the,  266. 

Stony  Creek,  New  South  Wales,  oil- 
bearing  rocks  of,  439. 

Stigmaria  ficoides,  148. 
Strepsodus,  602  ;  sketch  of  a  tooth  of, 

597. 

StreptorhyncJms  crenistria,  42. 
  ,  sp.,  43. 
Sti'ombus  bifrons,  287. 
  pugilis,  287. 
Structural  characters  of  Grenrille  Eo- 

zoonal  ophite,  187. 
Structiu-e  and  aiFmities  of  Eozoon  Ca- 

nadense, 219. 
Structure  of  the  Eed  Crag,  538. 
Submerged  forestrbeds  of  Porlock  Bay, 

1,  6. 
Succession  of  formations  in  North 

Devon,  diagram  of  the,  369. 
Suffolk,  section  of  Trail  in  a  pit  east  of 

Chillesford  church,  556. 
Surrey,  section  of  Trail  at  Woking, 

556. 

Sutton  Crag,  543. 
Sutton  series,  72. 
Sutton  stone.  Dr.  P.  Martin  Duncan 

on  the  corals  from  the,  89 ;  Mr.  E. 
B.  Tawney  on  the  position  of  the, 
69,  77. 

Sutton  toDunraven,  coast-section  from, 

75. 
Syringodendron,  sp.,  148. 
Systeme  Diestien,  232;  Scaldesien,  231. 
Table  of  cycles  in  the  Paloeozoic  age  in 

Eastern  America,  102 ;  fossils  com- 
mon to  the  districts  north  and  south 

of  the  central  band  of  Old  Eed  Sand- 

stone in  North  Devon,  364 ;  Mol- 
lusca  whose  shells  are  found  in  the 

glacial  drift  of  Caithness,  278 ;  the 
species  of  the  genus  Eryon  occurring 
in  the  Lias  and  Oolite  of  England 
and  Bavaria,  501  ;  showing  the  affi- 

nities of  some  of  the  fossils  of  tlie 

Caribean  Miocene,  588 ;  the  geogra- 
phical relations  of  groups  of  JVIol- 

lusca  whose  shells  occur  in  some  of 

the  Scottish  glacial  beds,  280 ;  the 
range  of  the  fossils  of  the  Krhretic 
beds  of  South  Wales,  79  ;  the  rela- 

tive frequency  of  occurrence  of  genera 
of  plants  and  animals  in  the  coals 
of  the  South  Joggins,  126. 

Tawney,E.B.,  Esq.,  on  thev/estern  limit 
of  the  Eha?tic  beds  in  South  Wales, 
and  on  the  position  of  the  Sutton 

stone,  with  a  note  on  the  Corals  by 
Dr.  P.  Martin  Duncan,  69. 

Teeth  and  scales  of  new  genera  of  Car- 
boniferous fishes,  sketches  illustra- 

ting the,  597. 
Tendring  Hundred  Eailway,  sections 

on  the,  555,  557,  562. 
Terebra  incequalis,  290. 
Terehratula  Austeniana,  35. 
  carncoidcs,  296. 
  lecta,  296. 
  saccidus,  40. 

   Thibdensis,  37. 
  Trinitatensis,  296. 

Terrestrial  surface  of  Belgium,  ancient,- 252. 

Tertiaries  of  Kent,  Mr.  W.  Whitaker 
on  the  Lower  London,  404. 

Tertiary  Brachiopoda  from  Trinidad, 

295  ;  escarpment  to  the  Weald,  dia- 
gram section  across  Kent  from  the, 

435 ;  formations  of  Belgium,  Mr. 
E.  A.  C.  Godwin-Austen  on  the, 
228 :  formations  of  the  West  Indies, 

Mr.  E.  J.  L,  Guppy  on  the  rela- 
tions of  the,  570  ;  Mollusca  o^  Ja- 

maica, Mr.  E.  J.  L.  Guppy  on  the, 
281. 

Thanet  beds,  Mr.  W.  Whitaker  on  the, 
405 ;  Sand  and  the  Chalk,  Mr.  T. 

M'Kenny  Hughes  on  the  junction 
of  the,  402. 

Theoretical  remarks  on  the  gravels 
and  drift  of  the  Eenland,  479. 

Theory  of  metamorphism,  513. 
Thetford,  Mr.  J.  W.  Elower  on  some 

flint  implements  found  in  tlie  valley 
of  the  Little  Ouse  river,  near,  567. 

Thibet,  Mr.  T.  Davidson  on  some  Car- 
boniferous, Jurassic,  and  Cretace- 

ous (?)  Brachiopoda  collected  by 

Capt.  Godwin -Austen  in  the  Mus- 
takh  Hills,  35. 

Thickness  of  the  rocks  of  North  Devon, 
361. 

Thorpe  Crag-pit  relatively  to  the  Chil- 
lesford Clay,  section  showing  the 

position  of  the,  539. 
Thorpe  near  Aldborough,  section  from 

Orford  to,  21. 
Throws  in  Penhalls  mine,  535. 

Thurso  Water,  Caithness,  section  on 
the,  267. 

Tracey,  358. 
Trail,  sections  of,  556,  557. 
Trappean  belt  of  the  mineral  range, 

Michigan,  section  of  the,  452. 
Trigonocarjoum  avcUanum,  150. 
Trigonocarpum  Hookeri,  150. 
  intermedium ,  150. 
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Trigonocarpum  minus,  150. 
  Noeggerathi,  150. 
  rotundum,  150. 

  sigillaricB,  150. 
Trilobites,  Mr.  J.  W.  Salter  on  two 

species  of.  486. 
Trimmer,  Mr.,  Eev.  O.  Fisher  on  the 

Warp  of,  553. 
Trinidad,  Lower  Miocene  deposits  of, 

571 ;  Mr.  E.  J.  L.  Guppy  on  Ter- 
tiary Brachiopoda  from,  295;  Upper 

Miocene  deposits  of,  575. 
Trochotoma,  sp.,  89. 
Tryon,  Commander  Gr.,  on  the  recent 
.  volcanic  disturbances  in  the  neigh- 

bourhood of  Santorino,  319. 
Turbo  castaneus,  291. 
Turon  drift,  New  South  Wales,  446. 
Turritella,  sp.,  89. 
  tornata,  580. 

Tyddyngwladis  silver-lead  mine,  Pri- 
mordial fossils  from  near,  505. 

Tylor,  A.,  Esq.,  on  the  interval  of  time 
which  has  passed  between  the  for- 

mation of  the  Upper  and  Lower 

valley-gravels  of  part  of  England 
and  France,  463. 

LTpnor,  section  at,  434. 
Upper  Coal-formation  of  Nova  Scotia 

and  New  Brunswick,  96 ;  Miocene 
deposits  of  the  West  Indies,  574; 
Paleeozoic  rocks  of  Wexford,  322. 

Urus,  characters  of  the,  392. 

Valley -gravels  of  part  of  England  and 
France,  Mr.  A.  Tylor  on  the  interval 
of  time  which  has  passed  between 
the  formation  of  the  Upper  and 
Lower,  463. 

Valley  of  Rocks,  section  across  the,  351. 
Valley  of  the  Little  Ouse  River,  near 

Thetford,  Mr.  J.  W.  Flower  on  some 
flint  implements  found  in  the,  567. 

Vegetable  tissues  in  mineral  charcoal, 
140. 

Venus  paphia,  292. 
.    Warn,  581. 
.    Woodwardi,  292. 
Vcrinctus  papulosus,  292. 
Vertical  section  at  Blackheath  and 

Woolwich,  435;  Plumstead  Com- 
mon and  Abbey  Wood,  435 ;  Ro- 

chester (Upnor),  434;  Shottenden 
Hill,  434;  between  Rochester  and 

Gravesend,  434 ;  in  the  neighbour- 
hood of  Canterbury,  434 ;  Lewis- 

ham,  435 ;  Sittingbourne,  434 ;  near 
London,  435 ;  of  Southerndown 
cliif,  75. 

Vihi,  Kashmere,  sketch  map  of  the 
district   of,   30 ;    rough   panoramic 
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sketch  of  the  hills  around  the  valley 
of,  31 ;  near  the  village  of  Loodoo, 
Kashmere,  section  on  the  south  side 
of  the,  35. 

Villa  Farm,  Tendring  Hundred  Rail- 
way, section  of  Trail  near,  557. 

Volcanic  disturbances  in  the  neigh- 
bourhood of  Santorino,  documents 

relating  to  the  recent,  318. 
Waldheimia  Bkmfordi,  38. 
Wales,  western  limit  of  the  Rhsetic 

beds  in  South,  69. 

Walton-on-the-Naze,  list  of  species  of 
Mollusca  from  the  Crag  at,  542. 

Wangford  Crag-pit  relatively  to  the 
Chillesford  Clay,  section  showing 
the  position  of  the,  540. 

Warp  (of  Mr.  Trimmer),  its  age  and 
probable  connexion  with  the  last 
geological  events.  Rev.  O.  Fisher  on 
the,  553. 

Waster  wan,  Kashmere,  section  along  a 

spur  from,  31. 
Watcombe,  coast-section  from  Babba- 

combe  to,  466  ;  longitudinal  section 
along  the  valley  of,  466. 

Waterford,  Old  Red  Sandstone  of 
South,  330 ;  section  from  Dunkitt 
House  to  Mount  Misery,  326. 

Watson,  Rev.  R.  Boog,  on  the  marine 
origin  of  the  Parallel  roads  of  Grlen 
Roy,  9. 

Weald,  diagram  section  across  Kent, 
from  the  Tertiary  escarpment  to  the, 
435. 

Wells,  Lower  Lias  and  Rhcetic  beds 
near,  93. 

West  Indies,  Mr.  R.  J.  L.  Gruppy  on 
Tertiary  Echinoderms  from  the, 
297  ;  on  the  relations  of  the  Tertiary 
formations  of  the,  570. 

Wexford,  Upper  Palajozoic  rocks  of, 
322. 

Whitaker,  W.,  Esq.,  on  the  "  Lower 
London  Tertiaries  "  of  Kent,  404. 

Wick  Bay,  Caithness,  section  at,  265, 
Williamson,  Prof.  W.  C,  on  a  Cheiro- 

therian  foot-print  from  the  base  of 
the  Keuper  sandstone  of  Daresbury, 
Cheshire,  534. 

Wilson,  J.  S.,  Esq.,  on  the  geology  of 
the  Pacific  coast  of  Ecuador,  and  on 
some  evidence  of  the  antiquity  of 
Man  in  that  region,  567. 

Wilts,  fossil  crab  from  the  Forest  Mar- 
ble, Malmesbury,  493;  section  of 

Trail  at  Calne  railway  station,  556. 
Wivenhoe,  Essex,  section  across  a  fur- 

row of  Trail  covei*ed  by  Warp  at, 
557. 
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Woking,  Surrey,  section  of  Trail  at, 
556. 

Wollaston  Donation  Fund,  award  of 
the,  xxix. ;    Medal,   award   of  the, 
xxvii. 

Woolwich  and  Keading  beds,  Mr.  W 
Wliitaker  on  the,  409. 

Woolwich  beds,  mineral  condition  of 

organic  remains  in  the,  13  ;  spaces 
formerly  occupied  by  selenite  in  the, 

Woolwich,  section  at  Blackheath  and, 
435. 

Wood,  S.  y.,  Esq.,  on  the  structure 
of  the  Red  Crag,  538. 

Wood,  S.  y.,  jim.,  Esq.,  on  a  diagram 
representing  the  structure  of  the  beds 
between  the  base  of  the  Red  Crag 
and   the  base  of  the  Upper  Drift 
(Boulder-clay),  546. 

Wood-cells  in  mineral  charcoal,  140. 
Woodward,   H.,   Esq.,    award   of  the 

Wollaston  Donation  Fund  to,  xxix. ; 
on  a  new  species  of  Raoiina  from 
the  Tertiary  strata  of  Trinidad,  591 ; 
on  the  oldest  known  British  crab 

{Pal(si7iachus  longi^es)  from  the 
Forest  Marble,  Malmesbury,  Wilts, 

493 ;  on  a  new  genus  of  Phyllopo- 
dous  Crustacea  from  the  Moffat 

Shales  (Llandeilo  Flags),  Dumfries- 
shire, 503 ;  on  the  species  of  the 

genus  Eryon,  Desm.,  from  the  Lias 
and  Oolite  of  England  and  Bavaria, 

494. 
Worms  in  the  Lauren ti  an  rocks  of 

Canada,  Dr.  J.  W.  Dawson  on  sup- 
posed burrows  of,  608. 

Youghal  and  Ardmore  trough.  Lower 
Limestone  shale  of  the,  333. 

Young,  Dr.  J.,  on  new  genera  of  Car- 
boniferous Grlyptodipterines,  596  ; 

on  the  affinities  of  Chondrosteus,  Ag., 

596  ;  on  the  affinities  of  Flatyso- 
mus  and  allied  genera,  301 ;  on  the 
scales  of  Rhizodus,  317. 

Zebanwan,  Kashmere,  plan  of  the  ridge 
near,  32 ;  section  at  the  foot  of  a 
ridge  from,  32. 

Zoological  features  of  the  Crag-sea 
area,  241. 

THE  END. 
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