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GEOLOGICAL  SOCIETY  OF  LONDON. 

ANNUAL  GENERAL  MEETING,  FEBRUARY  19,  1859. 

REPORT  OF  THE  COUNCIL. 

The  Council,  in  laying  their  Annual  Report  before  the  Members  of 
the  Geological  Society,  have  the  pleasure  of  congratulating  them  on 
its  continued  efficiency  and  prosperity.  They  have  the  satisfaction 
of  stating  that  there  has  been  an  increase  of  nine  in  the  number  of 
Fellows.  Twenty-nine  new  Fellows  have  been  elected,  and  six,  who 
were  elected  in  the  previous  year,  have  paid  their  subscriptions, 
making  an  addition  of  thirty-five  ordinary  Fellows.  The  loss  which 
the  Society  has  suffered  from  deaths  amount  to  twenty,  and  from 
resignations  six,  making  a  reduction  of  twenty-six  ordinary  Fellows. 
One  Honorary  Member  and  four  Foreign  Members  have  been  elected, 
and  three  Foreign  Members  have  died.  The  total  number  there- 

fore of  the  Geological  Society  at  the  close  of  1856,  was  868  Members, 
and  at  the  close  of  the  past  year  it  consisted  of  877. 

The  Council  have  to  report  that  the  current  expenditure  of  the 
Society  has  exceeded  the  income  by  the  sum  of  £62  8s.  8cl.,  but  in 
this  expenditure  is  included  the  sum  of  s6208  lis.  6d.,  incurred 
during  the  previous  year  for  printing  the  last  part  of  the  7th  Volume 
of  the  Transactions,  the  Journal,  and  Supplementary  Catalogue. 
The  ordinary  income  during  the  past  year  has  therefore  exceeded  the 
expenditure  by  £  146  2s.  10c?.  The  Exchequer  Bonds  for  ̂ 6200, 
purchased  in  1855,  have  been  sold  and  added  to  the  balance  of  the 

Society*  s  -Bankers . 
The  amount  of  the  Funded  Property  of  the  Society  remains  the 

same  as  at  the  close  of  1856,  viz.  £4578  19s.  2d.t  which  includes 

56500,  the  amount  of  the  late  Mr.  Greenough's  Legacy,  bequeathed 
for  the  purpose  of  defraying  the  expenses  incidental  to  his  donation 

a 
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of  Books,  &c,  of  which  about  3650  has  already  been  disbursed  and 
temporarily  liquidated  out  of  the  ordinary  expenditure  of  1856  and 
1857. 

The  Council  have  to  announce  the  completion  of  the  13th  volume 
of  the  Quarterly  Journal  and  the  publication  of  the  1st  part  of 
volume  14. 

They  have  further  to  report  that  a  temporary  engagement  has 
been  made  with  Mr.  J.  Wetherell  to  assist  in  the  Museum  and 
Library. 

Amongst  other  donations  received  since  the  last  Anniversary,  the 
Rev.  Mr.  Haughton,  on  the  part  of  the  Dublin  Geological  Society, 
placed  at  the  disposal  of  the  Society,  sixty  sets  of  portions  of  their 
Journal,  which  the  Council  have  chiefly  distributed  to  those  Foreign 
Institutions  which  receive  the  Quarterly  Journal. 

The  Council  beg  to  state  that  they  have  lately  commenced  the 
gratuitous  circulation  of  monthly  Abstracts  of  the  Proceedings  of  the 
Society,  both  to  resident  and  non-resident  Fellows,  a  measure  which 
the  Council  has  adopted  with  the  view  of  more  rapidly  communicating 
to  the  Fellows  the  substance  of  the  papers  read  before  the  Society. 

They  also  have  to  inform  the  Fellows  of  the  Society  that  in  June 
last  they  received  a  request  from  Sir  ¥m.  E.  Logan,  F.G.S.,  Direc- 

tor of  the  Geological  Survey  of  Canada,  on  the  behalf  of  the  Ameri- 
can Association,  that  a  Member  should  be  named  to  represent  the 

Geological  Society  of  London  at  their  Annual  Meeting  at  Montreal, 
accompanied  with  an  intimation  that  a  free  passage,  there  and  back, 
was  at  the  disposal  of  the  Society.  The  Council  gladly  availed  them- 

selves of  the  generous  offer,  and  requested  Professor  Ramsay  to  be 
the  representative  of  the  Society  at  the  American  Meeting  in  August 
last. 

The  Council  have  anxiously  considered  how  the  Geological  Map 

of  England,  prepared  by  the  late  Mr.  Greenough,  and  by  him  be- 
queathed to  the  Society,  may  be  made  more  available  for  the  pur- 

poses of  Science.  No  alterations  have  been  made  to  that  Map  for 
nearly  20  years,  while  during  that  period  our  knowledge  of  the 
geology  of  our  country  has  been  steadily  progressing.  They  have 
therefore  come  to  the  resolution  of  placing  the  Map  in  the  hands  of 
a  Special  Committee  of  nine  Members,  who  are  empowered  to  revise 
the  Map,  and  to  lay  down  upon  it  such  alterations  as  recent  investi- 

gation suggests. 
They  are  of  opinion  that  there  cannot  be  a  more  legitimate  mode 

of  applying  a  portion  of  those  funds,  than  to  the  perfecting  of  that 
Map,  and  therefore  propose  that  the  expense  incident  to  the  revision 
should  be  defrayed  from  the  legacy  of  56500,  bequeathed  to  the 
Society  by  the  late  Mr.  Greenough. 

In  conclusion  the  Council  beg  to  state  that  they  have  this  year 
awarded  two  Wollaston  Medals  :  the  one  to  M.  Hermann  von  Meyer, 
for  his  numerous  publications  on  Palaeontology ;  the  other,  together 
with  the  balance  of  the  proceeds  of  the  Wollaston  Donation  Fund, 

to  Mr.  James  Hall  of  Albany,  in  testimony  of  the  admiration  enter- 
tained by  the  Geological  Society  of  London  for  his  geological  labours 
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in  the  field  in  North  America,  by  which  the  nature  and  chronological 
superposition  of  the  Paleeozoic  rocks  of  a  large  part  of  North  Ame- 

rica, and  especially  of  the  State  of  New  York  have  been  accurately 
defined  and  mapped.  Also  for  his  labours  in  general  Palaeontology, 
by  which  he  has  collected  and  classified  a  great  series  of  North 
American  organic  remains  from  the  lowest  Silurian  of  New  York  to 
the  tertiary  mammalia  of  the  Western  States  inclusive  ;  and  for  his 
valuable  works,  published  and  in  progress,  on  the  Geology  and  Palae- 

ontology of  New  York,  the  publication  of  part  of  which  has  already 
been  of  the  highest  value  to  European  geologists,  especially  in  afford- 

ing them  the  means  of  comparing  the  general  structure  of  the  rocks 
and  the  succession  of  life  in  the  Paleeozoic  rocks  of  Europe. 

Report  of  the  Library  and  Museum  Committee. 

Library. 

Of  the  books  and  pamphlets  selected  as  duplicates  from  those  be- 

queathed by  the  late  Mr.  Greenough  and  from  the  Society's  Library, 
nearly  all  have  been  distributed  as  directed  by  the  Council,  accord- 

ing to  the  recommendations  of  the  Special  Committee.  The  Royal 
Geographical  Society,  the  Geological  Survey,  and  London  University 
College  have  received  about  450  volumes,  and  the  Geological  Society 
of  Dublin  have  selected  30  volumes.  It  is  proposed,  in  compliance 
with  the  application  of  Professor  Oldham,  that  the  majority  of  the  re- 

mainder shall  be  presented  to  the  Calcutta  Library  of  the  Geological 
Survey  of  India. 

In  accordance  with  the  recommendation  of  the  Library  Committee 
of  last  year,  a  fair  copy  in  manuscript  has  been  made  of  a  Catalogue 
of  the  additions  of  books  to  the  Library. 

The  books,  maps,  prints,  &c.  received  during  the  past  year  have 
been,  as  far  as  necessary,  bound  or  mounted,  and  arranged  in  their  re- 

spective places  on  the  shelves  in  the  Society's  Library,  or  in  the  Map- cases  and  Portfolios. 

The  printing  of  the  Index*  prepared  by  Mr.  Ormerod  is  in  pro- 
gress :  four  sheets  are  in  the  press,  and  it  is  expected  that  the  whole 

will  be  completed  by  Lady  Day  next.  We  are  happy  to  be  able  to 
state  that  nearly  100  copies  have  been  subscribed  for;  and  as  a  limited 
number  is  to  be  printed,  it  is  suggested  that  those  Institutions  and 
Fellows  who  are  desirous  to  obtain  a  work  so  indispensable  for  the 

advantageous  use  of  the  Society's  publications  should  at  an  early  date 
add  their  names  to  the  list  of  those  intending  to  take  copies. 

The  number  of  British  and  Foreign  Institutions  to  which  the 
Quarterly  Journal  of  the  Society  is  presented,  and  from  most  of 
which  their  publications  are  received,  has  increased  during  the  past 

year  and  now  amounts  to  above  100.  The  papers  bearing  on  Geo- 
logical Science  which  are  contained  in  such  publications,  as  well  as  in 

the  purchased  Scientific  Journals,  continue  to  be  noticed  in  the  bi- 
bliographical list  printed  in  the  Quarterly  Journal. 

*  Classified  Index  to  the  Transactions,  Proceedings,  and  Quarterly  Journal 
of  the  Society. 

«2 
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Museum. 

The  specimens  presented  during  the  last  year  to  the  Museum  have 
been  for  the  most  part  arranged  in  their  respective  drawers.  They 

include  series  of  rock-specimens  and  fossils  :  from  St.  Thomas's,  pre- 
sented by  Dr.  Hornbeck ;  from  Bulgaria  and  the  Grecian  Archipelago, 

presented  by  Captain  Spratt ;  from  Asia  Minor  by  Major  Garden  ; 
from  Chili  by  Mr.  Bollaert  and  Dr.  C.  Forbes ;  from  South  Africa 
by  Dr.  Rubidge ;  and  from  Nagpur  by  the  Rev.  M.  Hislop,  who 
has  continued  to  add  to  the  magnificent  series  of  fossil  plants  from 
that  district,  which  it  is  hoped  will  ere  long  be  described  by  some  of 
our  palaeontologists. 

Amongst  the  British  specimens,  Mr.  Statham's  polished  section  of 
one  of  the  typical  species  of  Devon  Coral,  the  boulder  from  the 
chalk  of  Croydon,  presented  by  Dr.  Young,  lately  described  by  Mr. 

Godwin-Austen,  Mr.  Pettit's  Clathraria  from  Leighton,  and  spe- 

cimens of  the  Woodocrinus  from  Mr.  E.  "Wood,  of  Richmond,  may be  mentioned  as  valuable  additions  to  the  Museum.  Mr.  Harris  of 

Charing  has  sent  a  large  supply  of  the  fossiliferous  ironstone  of  the 
North  Downs ;  and  the  fossils  are  being  carefully  worked  out  and 
mounted. 

Prof.  H.  D.  Rogers  has  kindly  superintended  a  partial  re-arrange- 
ment of  the  North  American  series  of  fossils.  He  has  also  added  to 

it  a  number  of  the  wanting  species,  and  has  kindly  promised  to 
make  a  farther  revision  of  the  collection  next  year.  We  hope  that 
other  Fellows  of  the  Society  may  be  induced  to  follow  the  example 
of  Prof.  Rogers  in  undertaking  the  arrangement  and  description  of 
the  collections  above  noticed. 

The  Assistant-Secretary  reports  that  he  has  received  valuable  aid 
in  the  work  of  the  Library  and  Museum  from  Mr.  J.  Wetherell, 
whose  services  the  Council  engaged  in  April  last,  and  that  he  has 
found  him  very  attentive  to  his  duties. 

In  accordance  with  the  recommendation  made  by  the  Museum 

Committee  last  year,  the  Society's  Collection  of  Foraminifera  and 
Bryozoa  was  placed  in  the  hands  of  W.  K.  Parker,  Esq.,  who  has, 
at  a  slight  expense  to  the  Society,  sorted  and  carefully  and  beautifully 
mounted  the  specimens,  on  mahogany  slips,  many  with  glass  covers, 
so  that  after  some  farther  attention  to  the  naming  of  the  specimens, 
they  will  be  commodiously  arranged  for  study. 

N.  S.  Maskelyne. 
T.  F.  Gibson. 
R.  W.  Mylne. 
\Y.  W.  Smyth. 
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Comparative  Statement  of  the  Number  of  the  Society  at  the  close  of 
the  years  1856  and  1857. 

Dec.  31,  1856.  Dec.  31,  1857. 
Compounders    1 28     ........  126 
Residents       189        188 

Non-residents    485     .-    497 

802  811 
Honorary  Members    ....  1&     12 
Foreign  Members    49     50 
Personages  of  lloyal  Blood  4 — 66     4 — 66 

868  877 

General  Statement  explanatory  of  the  Alteration  in  the  Number  of 

Felloivs,  Honorary  Members,  $-c.  at  the  close  of  the  years  1856 and  1857. 

Number  of  Compounders,  Residents,  and  Non-residents, 
December  31,  1856    802 

Add,  Fellows  elected  during  former  1  Residents  . .      2 
years,  and  paid  in  1857   J  Non-residents    4 —  6 

Fellows   elected    and   paid,    during  1  Residents  . .      9 
1857      J  Non-residents  20—29 

—  35 

837 

Deduct,  Compounders  deceased    5 
Residents  „            5 
Non-residents       „            10 
Resigned    6 

—  26 

Total  number  of  Felktws,  Dec.  31st,  1857,  as  above. .  811 

Number  of  Honorary  Members,  Foreign  Members,  and*!  ~~ 
Personages  of  Royal  Blood,  December  31st,  1856. .. .  j 

Add,  Foreign  Members  elected  1857    4 

70 

Deduct,  Foreign  Members  deceased       3 
Honorary  Member       „            1 

—  4 

As  above     66 
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Number  of  Fellows  liable  to  Annual  Contributions  at  the  close  of 
1857,  with  the  alterations  during  the  year. 

Number  at  the  close  of  1856    189 

Add,  Elected  in  former  years,  and  paid  in  1857    2 
Elected  and  paid  in  1857    9 
Non-residents  who  became  Residents    6 

206 

Deduct,  Deceased.    5 
Resigned    6 
Compounded    3 
Became  Non-resident    4 

—     18 

As  above     188 

Deceased  Fellows. 

Charles  Barclay,  Esq. 
F.  G.  Bell,  Esq. 

Compounders  (5). 

Prof.  J.  Royle,  M.D. 

James  Morrison,  Esq. 
G.  S.  Nicholson,  Esq. 

H.  J.  Brooke,  Esq. 
Earl  of  Ellesmere. 

Residents  (5). 

Earl  Fitzwilliam. 
Charles  A.  Monck,  Esq. 

G.  H.  Saunders,  Esq. 

William  Bald,  Esq. 
Rev.  William  Dansey. 
Lieut.-Col.  G.  Eliot. 
Damiano  Floresi,  Esq. 
Major  T.  B.  Jervis. 

Non-residents  (10). 

W.  T.  Laverack,  Esq. 

Verv  Rev.  W.  D.  Conybeare. 

E.  W.  Rundell,  Esq.  " Rev.  Christ.  Sykes. 
Joshua  Trimmer,  Esq. 

Honorary  Member  (1). 

Rear-Admiral  Sir  F.  Beaufort. 

Foreign  Members  (3). 

M.  Alcide  D'Orbigny.  |       M.  P.  A.  Dufre'noy. Prof.  A.  H.  Dumont. 
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The  following  Persons  were  elected  Fellows  during  the  year  1857. 

January  7th. — William  Peace, Esq.,  Haigh,  nearWigan;  W.  H.  Baily, 
Esq.,  Walcot  Place,  Kennington  Road  ;  and  Joseph  D.  Rigby, 
Esq.,  Priory  Lodge,  Kew. 

  21st. — Charles  Greaves,  Esq.,  Old  Ford,  Bow;    George  A. 
Ibbetson,  Esq.,  Brook  Street,  Hanover  Square  ;  and  Charles  F. 
A.  Courtney,  Esq.,  Ramsgate. 

February  4th. — Edwin  Lees,  Esq.,  Worcester ;  and  Prof.  W.  Thom- 
son, LL.D.,  Belfast. 

  25th. — John  Calvert,  Esq.,  Ballydehot,  Cork. 
March  11th „ — Charles  Napier,  Esq.,  Adelphi ;  and  John  Brown, 

Esq.,  Barnsley. 
  25th. — Rev.    John    Montague,    Leamington ;    and   William 

Sowerby,  Esq.,  Darlington. 
April  8th. — Rev.  Henry  Brass,  B.A.,  Brompton,  Chatham. 
  22nd. — Thomas  Alfred  Yarrow,  Esq.,  Old  Broad  Street. 
May  6th. — Lieut. -General  John  Briggs,  Clayton,  Sussex ;  Captain 

G.  H.  Saxton,  Madras  ;  and  Arthur  Abbott,  Esq.,  Hitchin. 

  20th. — Lieut.  Henry  Thurburn,  Madras ;  and  James  Salter, 
Esq.,  Montague  Street. 

June  3rd. — William  Reed,  Esq.,  York. 
  1 7th. — Capt.  Charles  P.  Malony,  Madras  ;  and  George  Rob- 

bins,  Esq.,  Bath. 
Nov.  4th. — Robert  White,  Esq.,  West  Cowes,  Isle  of  Wight. 
  18th. — Isaac  Fletcher,  Esq.,  Cockermouth  ;  Edward  Saunders, 

Esq.,  George  Street,  Hanover  Square ;  Josh.  Cooksey,  Esq., 
West  Bromwich ;  William  Colchester,  Esq.,  Dovercourt,  near 

Harwich;  and  John  Evans,  Esq.,  Hemel-Hempstead. 
Dec.  2nd. — James  Templeton,  Esq.,  Exeter  ;  Edward  Meryon,  M.D., 

Clarges  Street ;  Christian  L.  Bradley,  Esq.,  Richmond,  Yorkshire; 
Major  A.  C.  Cooke,  R.E.,  Perth ;  James  Ross,  Esq.,  Canonbury 
Park  ;  and  John  Mansell,  Esq.,  Dorsetshire. 

  1 6th. — Dr.  Eugene  Francfort,  Clapham  Road ;  Charles  Wright, 
Esq.,  Wigan  ;  and  John  W.  Woodall,  Esq.,  Scarborough. 

The  following  Persons  were  elected  Foreign  Members. 

Jan.  21st. — M.  Edouard  Lartet,  Paris. 

May  6th. — Professor  Goeppert,  Breslau. 
  20th. — Professor  Geinitz,  Dresden. 
Dec.  16th.— D.  H.  Abich,  St.  Petersburg. 
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The  following  Donations  to  the  Museum  have  been  received  since 
the  last  Anniversary, 

British  Specimens. 

Specimen  of  Polished  Coral  from  Devon ;  presented  by  J.  L.  Sta- 
tham,  Esq. 

Specimen  of  Marl  Slate  with  Lingula  Credneri ;  presented  by  R. 
Howse,  Esq. 

f  Series  of  Fossiis  from  the  Tertiaries,  Chalk  and  Wealden  of  the  Isle 

of  Wight,  in  Mahogany  Glazed  Case  ;  presented  by  R.  "White, Esq. 

A  Skull  of  Bos  longifrons  from  "Waltham,  and  some  fossils  from  the London  Clay  ;  presented  by  N.  Wetherell,  Esq. 
Granitic  boulder,  &c.  from  the  Chalk  of  Croydon  ;  presented  by  Dr. . 

J.  Forbes  Young,  F.G.S. 
Fossiliferous  Ironstone  from  the  North  Downs  ;  presented  by  Wil- 

liam Harris,  Esq.,  F.G.S. 
Cast  of  a  Bone  from  the  Crag,  and  a  rock-specimen  from  the  Har- 

wich Well ;  presented  by  S.  V.  Wood,  Esq.,  F.G.S. 
Specimens  of  Asterias  from  the  London  Clay ;  presented  by  Prof. 

Tennant,  F.G.S. 
Specimens  of  Clatharia  from  the  Iron  Sand  of  Leighton  ;  presented 

by  C.  Pettit,  Esq. 
Crystals  of  Carbonate  of  Iron  from  Virtuous  Lady  Mine,  Devon ; 

presented  by  Capt.  Lord. 
Two  Specimens  of  Woodocrinus  from  Yorkshire  ;  presented  by  E. 

Wood,  Esq.,  F.G.S. 

Foreign  Specimens. 

Specimens  of  Fossil  Fruits,  &c.  from  Nagpur ;  presented  by  Rev.  S. 
Hislop. 

Specimens  of  Rocks  from  St.  Thomas  ;  presented  by  Dr.  Hornbeck. 
Specimen  of  Iron  Ore  from  Missouri ;  presented  by  J.  Colquhoun, 

Esq.,  F.G.S. 
Specimens  of  Fossils,  &c.  from  Bulgaria,  &c. ;  presented  by  Capt. 

Spratt,  F.G.S. 
Specimens  of  Rocks  and  Mineral  Waters  from  Erzeroum,  &c.  j  pre- 

sented by  Major  R.  J.  Gordon. 
Specimens  of  Coal  from  Chili ;  presented  by  W.  Bollaert,  Esq. 
Fossil  Plants  and  other  Specimens  from  North  Africa  ;  presented  by 

Dr.  Rubidge. 

Fossils  and  Rock-specimens  from  Central  India ;  presented  b}'  Rev. 
S.  Hislop. 

Specimens  of  Coal  and  Fossils  from  Valparaiso  j  presented  by  Dr.  C. 
Forbes,  R.N. 

Silurian  Fossils  from  the  United  States ;  presented  by  Prof.  H.  D. 
Rogers,  F.G.S. 
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Charts  and  Maps. 

169  Charts  published  by  the  Depot  cle  la  Marine  ;  presented  by  the 

Director-General  of  the  "  Depot  de  la  Marine." 
Horizontal  Sections  ;  Sheets  41  and  42,  of  the  Geological  Survey  of 

Great  Britain. 

Comparative  Vertical  Sections  of  the  Purbeck  Strata  of  Dorsetshire. 
Index  to  the  Colours  and  Signs  employed  in  the  Geological  Survey 

of  Great  Britain  ;  presented  by  the  Director-General  of  the  Geolo- 
gical Survey  of  Great  Britain. 

Geometrical  Projection  of  Two-thirds  of  the  Sphere,  by  Lieut.-Col. 
James,  R.E.  ;  presented  by  the  Author. 

Geological  Map  of  the  Duchy  of  Hesse-Budingen  District ;  presented 
by  the  Middle  Rhine  Geological  Society. 

Map  of  the  Principal  Features  of  the  Geology  of  Yorkshire,  by  John 
Phillips,  Esq.,  1853  (2  copies)  ;  presented  by  the  Author. 

Chart  of  Renkioi  British  Hospital,  and  part  of  Country  adjacent ; 
presented  by  Alfred  Tylor,  Esq.,  F.G.S. 

Reconnoissances  in  the  Dacota  Country,  by  Lieut.  G.  K.  "Warren ; 
presented  by  the  Author. 

Colton's  Township  Map  of  the  State  of  Wisconsin. 
Map  of  Madison  and  the  Four  Lake  Country ;  presented  by  the 

"Wisconsin  State  Historical  Society. 

Particulars  of  an  Artesian  Well  at  Praca  St.  Paulo,  Lisbon,  by  Baron 

D'Enscheque  ;  presented  by  F.  Braithwaite,  Esq. 
Two  Stereoscopic  Photographs  of  Fossils,  and  Four  Photographs 

illustrating  the  Geology  of  the  Dorsetshire  Coast ;  presented  by 
Wm.  Thompson,  Esq. 

Two  Engravings  of  Mars  and  Saturn ;  presented  by  the  Hon.  East 
India  Company. 

Section  from  the  North  of  Scotland  to  the  Adriatic  ;  and 

Prospetto  Meridionale  dell'  Etna,  M.  Gemmellaro ;  presented  by  Sir 
Charles  Lyell,  F.G.S. 

Plan  of  Madison,  the  Capital  of  Wisconsin  ;  presented  by  the  State 
Historical  Society  of  Wisconsin. 

Small  Engraved  Portrait  of  the  late  Daniel  Sharpe,  Esq. ;  presented 
by  F.  Sharpe,  Esq. 

The  following  List  contains  the  names  of  the  Persons  and  Public 
Bodies  from  whom  Donations  to  the  Library  and  Museum  were 
received  during  the  past  year. 

American  Academy  of  Arts  and 
Sciences. 

American  Association  for  the 
Advancement  of  Science. 

American  Geographical  and  Sta- 
tistical Societv. 

American  Philosophical  Society. 
Anciola,  Signor  A. 
Andrew,  W.  P.,  Esq. 
Ansted,  Prof.  D.  T.,  F.G.S. 

Appel,  Dr.  A. Art  Union,  London. 
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Asiatic  Society  of  Bengal. 
Atlantis,  Editor  of  the. 
Athenaeum   Journal,   Editor 

the. of 

Bailliere,  M.  J.  R. 
Barrande,  M.  J.,  For.M.G.S. 
Basel,  Natural  History  Society  of. 

Berlin/,  German  Geological  Soci- 
ety at. 

Berlin,  Royal  Academy  of  Sci- 
ences of. 

Berwickshire  Naturalists'  Club. 
Binney,  E,  W.,  Esq.,  F.G.S. 
Blake,  W.  P.,  Esq. 
Bland,  Thos.,  Esq.,  F.G.S. 
Bollaert,  W.,  Esq. 
Bonaparte,  M.  le  Prince  Ch. 
Boston  Natural  History  Society. 
Boue,  Dr.  Ami,  For.M.G.S. 
Breslau  Academy. 
British  Government. 
Brodie,  Rev.  P.  B.,  F.G.S. 

Cambridge  Philosophical  Society. 
Canadian  Journal,  Editor  of  the. 
Carter,  H.  J.,  Esq. 
Chemical  Society  of  London. 

Civil  Engineers'  Journal,  Editor of  the. 

Collomb,  M.  E. 

Colquhoun,  J.,  Esq.,  F.G.S. 
Coode,  John,  Esq. 
Copenhagen,  Royal  Society  of. 
Cossio,  Signor  E.  de. 
Critic,  Editor  of  the. 

Dana,  Prof.  J.  D.,  For.M.G.S. 

D'Archiac,  M.  le  Vicomte,  For. 
M.G.S. 

Darmstadt  Geographical  Society. 
Daubeny,    Prof.,     M.D.,    For. 

M.G.S. 

Daubre'e,  M. 
Davidson,  Thos.,  Esq.,  F.G.S. 
Dawson,  J.  W.,  Esq.,  F.G.S. 
Delaharpe,  M.  Ph. 
Delesse,  M.  A. 
Dennis,  Rev.  J.  B.,  F.G.S. 

Deshayes,    Prof.    G.    P.,    For. 
M.G.S. 

Devalque,  M.  G. 
Dijon,  Academy  of  Sciences  of. 
Dublin  Geological  Society. 
Dublin  Natural  History  Society. 
Dundonald,  Earl  of. 

Dyson,  Rev.  ¥m. 

East  India  Company,  The  Hon. 
Elie  de  Beaumont,  Prof.  L.,  For. 

F.G.S. 

Elliot  Society  of  Natural  History, 
Charleston. 

Emmons,  Ebenezer,  Esq. 
Erdmann,  Herr  A. 

Ferguson,  W.,  Esq.,  F.G.S. 
Fitton,  W.  H.,  M.D.,  F.G.S. 
Forbes,  Dr.  C,  R.N. 
Fournet,  M.  J. 

France,  Geological  Society  of. 
Franklin   Institute  of  Pennsyl- vania. 

Garden,  Major  R.  J. 
Geinitz,  Dr.  Hans  Bruno. 

Geological  and  Polytechnic  So- 
ciety of  the  West  Riding  of 

Yorkshire. 

Geological  Survey  of  India. 
Geological  Survey  of  the  United 

Kingdom. 
Gillis,  Lieut.,  LL.D. 
Girard,  C,  M.D. 

Goppert,  Prof.H.  R.,  For.M.G.S. 
Guiet,  M.  E.  L. 

Hall,  James,  Esq.,  For.  M.G.S. 
Halle  Society  of  Natural  History. 
Hamburg    Society    of    Natural 

Science. 

Hamilton,  W.  J.,  Esq.,  For.  Sec. G.S. 

Harkness,  Prof.,  F.G.S. 
Harris,  W.,  Esq.,  F.G.S. 
Hartung,  Herr  Georg. 
Haughton,  Rev.  Prof.  S.,  F.G.S, 
Hebert,  M.  E. 
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Heidelberg  Natural  History  So- 
ciety. 

Helmersen,  Col.  G.  von,  For. 
M.G.S. 

Hennessy,  Prof.  H. 
Henry,  Joseph,  LL.D. 
Hislop,  Rev.  S. 
Hogg,  J.,  Esq. 
Holmes,  Prof.  F.  S. 
Holmes,  Rev.  J.  I. 
Hornbeck,  Dr. 
Howse,  R.,  Esq. 
Huxley,  Prof.  T.  H.,  F.G.S. 

Indian     Archipelago     Journal, 
Editor  of  the. 

Institute  of  Actuaries. 

Institute  of  Civil  Engineers. 
International  Association . 

Ives,  Lieut.  J.  C. 

Jackson,  E.  W.,  Esq.,  F.G.S. 
James,  Col.  Henry,  F.G.S. 
Jones,  T.  Rupert,  Esq.,  F.G.S. 

Jones,  Rev.  "W.  A. Jenzsch,  Dr.  G. 

Lancashire  and  Cheshire  Histo- 
ric Society. 

Lapham,  J.  A.,  Esq. 
Laurent,  M.  C. 
Lea,  J.,  LL.D. 
Leeds  Philosophical  Society. 
Leidy,  J.,  M.D. 
Liege,  Societe  Royale  des  Sci- 

ences, de. 
Linnean  Society. 
Literary  Gazette,  Editor  of  the. 
Liverpool  Literary  and  Philoso- 

phical Society. 
Lombardy  Institute. 
Lord,  Capt. 
Lyell,  Sir  Charles,  F.G.S. 
Lyons  Hydrometrical  Commis- 

sion. 

MacAdam,  James,  Esq.,  F.G.S. 
Madras  Exhibition. 

Madrid  Royal  Academy  of  Sci- 
ences. 

Manchester  Philosophical  Society 
Marcou,  M.  Jules. 
Martin,  P.  J.,  Esq.,  F.G.S. 
Microscopical  Society. 
Middle  Rhine  Geological  Society. 
Mitchell,  Rev.  W. 

Moscow  Naturalists'  Society. 
Murchison,  Sir  R.  I.,  F.G.S. 
Museum  of  Practical  Geology. 

Naumann,  Dr.  C.F.,  For.M.G.S. 
New  York,  State  of. 
Nicol,  Prof.  James,  F.G.S. 
Neuchatel  Societe  des  Sciences 

Naturelles. 

Owen,  D.  Dale,  Esq. 

Paris,  Academy  of  Sciences  of. 
Paris,  Ecole  des  Mines  de. 
Paris,    M.  le  Directeur- General 

du  Depot  de  la  Marine  de. 

Paris,    Museum  d'Histoire  Na- turelle  de. 

Parker,  W.  K.,  Esq, 
Pettit,  C,  Esq. 

Philadelphia  Academy  of  Natural 
Sciences. 

Phillips,  Prof.  John,  F.G.S. 
Photographic  Society. 
Pick  and  Gad,  Editor  of  the. 
Pictet,  Prof.  F.  J. 

Prestwich,  J.,  Esq.,  Treas.  G.S. 
Provincial  Magazine,  Editor  of 

the. 

Ramsay,  Prof.  A,  C,  F.G.S. 
Ray  Society. 
Reeve,  L.,  Esq.,  F.G.S. 
Rennie,  G.,  Esq.,  F.G.S. 
Rogers,  Prof.  H.  D.,  F.G.S. 
Royal  Academy  of  Belgium. 
Royal  Academy  of  Munich. 
Royal  Astronomical  Society. 
Royal  Cornwall  Polytechnic  So- ciety. 

Royal  Dublin  Society. 
Royal  Geographical  Society. 
Royal  Institution  of  Cornwall. 
Royal  Institution  of  GreatBritain. 
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Royal  Observatory,  Edinburgh, 
lloyal  Society  of  Edinburgh. 
Royal  Society  of  London. 
Rubidge,  Dr. 
Buskin,  J.,  Esq.,  F.G.S. 

Schmidt,  Dr.  C. 
Schmidt,  Herr  F.  J. 
Schrenk,  Herr  A.  G. 
Sharpe,  F.,  Esq. 
Shumard,  B.  F.,  M.D. 
Silliman,Prof.,M.D.,For.M.G.S. 
Sismonda,  Prof.  A.,  For.  M.G.S. 
Sismonda,  Prof.  E. 
Smith,  C.  R.,  Esq. 
Smithsonian  Institution. 

Smyth,  R.  Brough,  Esq.,  F.G.S. 
Society  of  Arts. 
Sorby,  H.  C,  Esq.,  F.G.S. 
Spratt,  Capt.  T.  A.  B.,  F.G.S. 
Statham,  J.  L.,  Esq. 
Statistical  Society. 
St.  Clair  Deville,  M.  Ch.  < 
St.  Louis,  Academy  of  Sciences 

of. 

Stockholm  Royal  Academy  of 
Sciences. 

St.  Petersburg  Academy  of  Sci- 
ences. 

St.  Petersburg  Mineralogical  So- ciety. 

Suess,  M.  Edouard. 

Tate,  Geo.,  Esq.,  F.G.S. 
Taylor,  R.,  Esq.,  F.G.S. 
Tennant,  Prof.  J.,  F.G.S. 
Thompson,  Win.,  Esq. 

Trimmer,  J.,  Esq.,  F.G.S. 
Tuomey,  Prof.  M. 
Turin  Royal  Academy  of  Sciences . 
Tylor,  A.,  Esq.,  F.G.S. 
Tyndall,  J.,  Esq. 

Tyneside  Naturalists'  Field  Club. 

United  States  Coast  Survey. 
United  States  Patent  Office. 

Vaudoise    Society    of    Natural 
Sciences. 

Vienna  Geological  Institute. 
Vienna    Imperial    Academy   of 

Sciences. 

Villa,  Sig.  A. 

Villa,  Sig.  G.  R.     * 

Warren,  Lieut.  G.  R. 
Warwickshire  Natural  History 

and  Archaeological  Society. 
Wetherell,  N.,  Esq. 
White,  R.,  Esq. 

Wiesbaden,  Natural  History  So- 
ciety of. 

Wisconsin,  State  Historical  So- 
ciety of. 

Wilkins,  E.  P.,  Esq.,  F.G.S. 
Wood,  S.  V.,  Esq.,  F.G.S. 
Wurtemberg  Natural  History Society. 

Young,  Dr.  J.  Forbes. 

Zigno,  M.  Achille  de. 
Zoological  Society. 

List  of  Papers  read  since  the  last  Anniversary  Meeting, 
February  20th,  1857. 

1857. 

Feb.  25th. — On  the  occurrence  of  an  Earthquake  at  Crete,  by  H. 
Ongley,  Esq.     (From  the  Foreign  Office.) 
  On  some  remarkable  Mineral  Veins,  by  Prof.  D.  T. 

Ansted,  F.G.S. 

March  11th. — On  Bichobune  ovinum,  by  Prof.  Owen,  F.G.S. 
  On  some  Fossil  Mammalia  from  Purbeck,  by  Hugh 

Falconer,  M.D.,  F.G.S. 
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March  25th. — Palichthyologic  Notes,  No.  9,  On  some  Fish-remains 
from  the  neighbourhood  of  Ludlow,  by  Sir  P.  G.  Egerton,  Bart., 
M.P.,  F.G.S. 

  Note  on  the  beds  near  Ludlow,  containing  Fish-re- 
mains, by  Sir  R.  I.  Murchison,  Y.P.G.S. 

On  the  occurrence  of  Mastodon  Bones  in  Chili,  by 
Bollaert,  Esq.  ;  communicated  by  Professor  Owen,  F.G.S. 

April  8th. — On  the  species  of  Mastodon  and  Elephas  found  fossil  in 
England,  by  Hugh  Falconer,  M.D.,  F.G.S.  (Part  I.) 

April  22nd. — On  a  Fossil  Crustacean  from  the  Lias  Bone  Bed,  by  C. 
Gould,  Esq. ;  communicated  by  J.  W.  Salter,  Esq.,  F.G.S. 
  On  a  Fossil  Crustacean  from  the  Coal  Shales,  by 

Prof.  Huxley,  F.G.S. 
On  the  Geology  of  Strath,  Isle  of  Skye,  by  A.  Geikie, 

Esq.  ;  communicated  by  Professor  Ramsay,  F.G.S. 
May  6th. — The  Silurian  Rocks  of  Norway  as  described  by  M.  T. 

Kjerulfj  and  those  of  the  Baltic  Provinces  of  Russia,  by  Prof. 
Schmidt,  compared  with  their  British  Equivalents,  by  Sir  R.  I. 
Murchison,  V.P.G.S. 

May  20th. — On  a  new  Fossil  Mammal  (Pliolopkus  vulpiceps)  from 
the  London  Clay,  by  Professor  Owen,  F.G.S. 
  On  some  Plant  Remains  in  the  Old  Red  of  Caithness, 

by  J.  W.  Salter,  Esq.,  F.G.S. 
June  3rd. — On  the  species  of  Mastodons  and  Elephants  occurring 

fossil  in  Great  Britain,  by  Hugh  Falconer,  M.D.,  F.G.S.     (Part 
II.  Elephants.) 

June  1 7th — On  some  comparative  Sections  of  the  Oolitic  Series  in 
Yorkshire,  by  Prof.  J.  Phillips,  F.G.S. 
  On  the  Oolites  of  Gloucestershire  and  Wilts,  by  Prof. 

James  Buckman,  F.G.S. 
On  the  Geology  of  Malaga,  Spain,  by  Prof.  D.  T. 

Ansted,  F.G.S. 
On  the  Geology  of  the  Dobrutcha,  by  Capt.  T.  A. 

B.  Spratt,  R.N.,  F.G.S. 
On  the  Freshwater  deposits  of  the  Levant,  by  Capt. 

T.  A.B.  Spratt,  R.N.,  F.G.S. 
On  the  Gravels  at  Taunton,  by  J.  Priug,  Esq. ;  com- 

municated by  S.  R.  Pattison,  Esq.,  F.G.S. 
On  a  new  Fossil  Fish  from  the  Keuper,  by  Sir  P. 

Egerton,  Bart.,  M.P.,  F.G.S.,  and  the  Rev.  P.  B.  Brodie,  F.G.S. 

-  On  the  Geology  of  the  Crimea,  by  "W.  H.  Baily,  Esq. F.G.S. 
On  the  New  Red  Sandstone  of  Loch  Greinord,  by 

Prof.  James  Nicol,  F.G.S. 
On  the  Boulder  Clays  of  Norfolk,  by  Joshua  Trim- 

mer, Esq.,  F.G.S. 
On  an  entire  Hind-Foot  of  an  Iguanodon,  by  Prof.  R. 

Owen,  F.G.S. 
-»  On  a  large  Femur  of  an  iguanodon,  by  T.  F.  Gibson, 

Esq.,  F.G.S. 



XIV  ANNIVERSARY  MEETING. 

Nov.  4th. — On  the  Correlation  of  the  Triassic  and  Permian  Rocks  of 

the  Odenwald  and  Schwarzwald,  and  of  Central  England,  hy  Ed- 
ward Hull,  Esq.,  F.G.S. 

  On  the  extinct  Volcanos  of  Victoria,  Australia,  by  R. 
B.  Smyth,  Esq.,  F.G.S. 

Nov.  18th. — On  some  Estuarine  Deposits  on  the  upper  part  of 
Shotover  Hill,  by  Prof.  John  Phillips,  F.G.S. 
  On  the  Extent,  Mineral  Characters,  Fossils  and  Re- 

lations of  the  Palaeozoic  Basin  of  the  State  of  New  York,  by  J.  J. 
Bigsby,  M.D.,  F.G.S. 

Dec.  2nd. — On  the  Structure  of  Crystals,  as  applicable  to  the  deter- 
mination of  the  Aqueous  or  Igneous  origin  of  Minerals  and  Rocks  * 

by  H.  D.  Sorby,  Esq.,  F.G.S. 
Dec.  13th. — On  the  genus  Neuropteris,  by  C.  J.  F.  Bunbury,  Esq., 

F.G.S. 

  «   On  the  Boring  through  the  Chalk  at  Harwich,  by 
Joseph  Prestwich,  Esq.,  Treas.  G.S. 

On  a  Granitic  Boulder  from  the  Chalk  at  Croydon, 
and  on  other  extraneous  rock-fragments  found  in  the  Chalk,  by  R. 
A.  Godwin-Austen,  Esq.,  F.G.S. 

Jan.  6th. — On  Pteraspis,  a  Genus  of  Fossil  Fishes,  by  Prof.  Huxley, 
F.G.S. 

  On  a  new  Species  of  Plesiosaurus,  by  Prof.  Huxley, 
F.G.S. 

On  the  Coal-beds  of  Valparaiso,  by  Dr.  C.  Forbes  ; 
communicated  by  Prof.  Ansted,  F.G.S. 

On  an  upthrow  of  Crabs  in  the  Harbour  of  Payta,  by 
Dr.  C.  Forbes  ;  communicated  by  Prof.  Ansted,  F.G.S. 

Jan.  20th. — On  the  Emanation  of  Ammonia  from  Volcanos,  by  Prof. 
Daubeny,  M.D.,  F.G.S. 

-=   —  On  some  of  the  Granites  of  Ireland,  by  the  Rev.  Prof* 
Haughton,  F.G.S. 

On  the  Classification  and  Stratigraphy  of  the  Palaeo- 
zoic Rocks  of  the  State  of  New  York,  by  J.  J.  Bigsby,  M.D., 

F.G.S. 

February  3rd. — On  the  whole  succession  of  Rocks  in  the  Northern 
Highlands,  from  the  oldest  Gneiss,  through  Strata  of  Cambrian 
and  Lower  Silurian  Age,  to  the  Old  Red  Sandstone,  inclusive,  by 
Sir  R.  I.  Murchison,  V.P.G.S. 

After  the  Reports  had  been  read  it  was  resolved, — 
That  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  William  Hopkins, 

Esq.,  and  R,  Godwin- Austen,  Esq.,  retiring  from  the  Office  of  Vice- 
President. 
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2.  That  the  thanks  of  the  Society  be  given  to  R.  W.  Mylne,  Esq., 
retiring  from  the  Office  of  Secretary. 

3.  That  the  thanks  of  the  Society  be  given  to  S.  Beckles,  Esq., 
S.  R.  Pattison,  Esq.,  William  Hopkins,  Esq.,  Lord  Ducie,  and  Prof. 
Owen,  retiring  from  the  Council. 

4.  That  the  thanks  of  the  Society  be  given  to  Major-Gen.  Port- 
lock,  LL.D.,  retiring  from  the  Office  of  President. 

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  Officers  and  Council  for  the  ensuing 

year : — 

OFFICERS. 

PRESIDENT. 

Professor  John  Phillips,  M.A.,  LL.D.,  F.R.S. 

VICE-PRESIDENTS. 

John  J.  Bigsby,  M.D. 
Hugh  Falconer,  M.D.,  F.R.S. 
Leonard  Horner,  Esq.,  F.R.S. L.  &  E. 
Sir  R.  I.  Murchison,  G.C.St.S.,  F.R.S.  &  L.S. 

SECRETARIES. 

Thomas  Davidson,  Esq.,  F.R.S. 
Warrington  W.  Smyth,  Esq.,  M.A. 

FOREIGN  SECRETARY. 

William  John  Hamilton,  Esq.,  F.R.S. 

TREASURER. 

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

COUNCIL. 

John  J.  Bigsby,  M.D. 
W.    J.    Broderip,    Esq.,    M.A., 

F.R.S.  and  L.S. 

Prof.  Charles  Daubeny,  M.D., 
F.R.S.  and  L.S. 

Thomas  Davidson,  Esq.,  F.R.S. 
Hugh  Falconer,  M.D.,  F.R.S. 
Thomas  F.  Gibson,  Esq. 
R.    A.    God  win- Austen,    Esq., 

B.A.,  F.R.S. 
William  John  Hamilton,  Esq., 

F.R.S. 

Leonard  Horner,  Esq.,  F.R.S.L. 
and  E. 

T.  H.  Huxley,  Esq.,  F.R.S. 
Colonel    Henry    James,    R.E., 

F.R.S, 

Sir  CharlesLyell,F.R.S.andL.S. 
Prof.  N.  S.  Maskelyne,  M.A. 
John  C.Moore,  Esq.,  M.A.,F.R.S. 
Sir  R.  I.  Murchison,  G.C.St.S., 

F.R.S.  and  L.S. 
Robert  W.  Mylne,  Esq. 
Prof.  John  Phillips,  M.A.,LL.D., 

F.R.S. 
Major-General  Portlock,  LL.D., 

F.R.S. 
Joseph  Prestwich,  Esq.,  F.R.S. 
Samuel  Peace  Pratt,  Esq.,  F.R.S. 

and  L.S. 

Prof.  A.  C.  Ramsay,  F.R.S. 
WarringtonW.Smyth,Esq.,M.A. 
Alfred  Tylor,  Esq.,  F.L.S 
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Income  and  Expenditure  during  the 

INCOME. 
£      s.      d.       £      s.      d. 

Balance  at  Banker's,  January  1,  1857  ...  .     124   14     0 
Balance  in  Clerk's  hands           8   17     8 
Exchequer  Bonds,  invested  out  of  Income 

1854  .1    199  15  3 
   333  6  11 

Compositions  received           94   10     0 
Arrears  of  Admission  Fees            54  12     0 
Arrears  of  Annual  Contributions        53   11     0 

   108     3     0 

Admission  Fees  of  1857         266   14     0 
Annual  Contributions  of  1857      574     7     0 

Dividends  on  3  per  cent.  Consols       130  15   10 
Dividends  on  Exchequer  Bonds           7     6     3 
Publications  : 

Longman  and  Co.,  for  Sale  of  Quarterly  Journal 
in  1856       68  12     6 

Sale  of  Transactions       26     8     3 
Sale  of  Proceedings         1     1     8 
Sale  of  Journal,  Vol.  1-6       13  14     6 

Vol.7         3     0     0 
„  Vol.8         6     4     6 

Vol.9         4  17     6 
Vol.  10          5  14     0 
Vol.  11         15     5     6 
Vol.  12        60    5     6 
Vol.  13*     131  16     4 

     337     0     3 

Sale  of  Library  Catalogue           2   19 
Sale  of  Geological  Map  of  England  (Greenough)    ....      1219 

We  have  compared  the  Books  and 
Vouchers  presented  to  us  with  these 
Statements,  and  find  them  correct. 

SEARLES  WOOD, 

Feb.  9,  1858.        ALFRED  TYLOR 

£1868     1     9 

:•}■ 

Auditors. 

*  Due  from  Messrs.  Longman  and  Co.,  in 
addition  to  the  above,  on  Journal,  Vol.  XIII.  £76  18  2 
Due  from  Fellows  for  Subscriptions          54  12  0 
Due  from  Authors  for  Corrections         8     6  0 

£139  16     2 



Year  ending  December  Slst,  1857* 

EXPENDITURE. 
£      s.     d. 

General  Expenditure  :  £    s.    d. 
Taxes    42     4  0 
Fire  Insurance       3     0  0 
House  Repairs       8     4  10 
Furniture  Repairs    12  10  10 
New  Furniture    20     9  8 
Fuel       35  18  0 
Light    30  13  1 
Miscel.  House  expenses,  including  Postages  .  51  11  7 
Stationery    21     1  5 
Miscellaneous  Printing    30  10  9 
Tea  for  Meetings     23     7  3 

       279   11      5 

Salaries  and  Wages : 

Assistant  Secretary  and  Curator    200  0  0 
Clerk    144  7  0 
Assistant  in  Library  and  Museum    32  10  0 
Porter    101  8  0 
House  Maid      38  3  0 
Occasional  Attendants    12  0  0 
Collector       22  2  0 

   550 

Library  (including  printing  Supplementary  Catalogue) *  128 
Museum    15 

Diagrams  at  Meetings      19 

Miscellaneous  Scientific  Expenses       12 
Publications  : 

Geological  Map  of  England    8  11  0 
Transactions      0  12  8 
Transactions,  Vol.  VIL,  Pt.  4    51  0  6 
Proceedings  (Abstracts)       5  15  11 
Journal,  Vols.  I.-VI    1  2  1 

Vol.  IX    0  6  3 
Vol.  X    0  15  11 
Vol.  XI    o  16  10 
Vol.  XII    102  12  6 

„         Vol.  XIII    428  11  4 
       600     5     0 

Exchequer  Bonds,  loss  on  sale           2     5     3 

Balance  at  Banker's,  Dec.  31,  1857. .  . .    248     5     7 

Balance  in  Clerk's  hands         12     1     9 
        260     7     4 

0 0 

7 3 

2 9 

2 8 

0 1 

£1868     1     9 

*  Nearly  £bQ  has  been  expended  on  the  Greenough  Bequest  during  1856  and 
1857,  which  has  to  be  returned  to  the  credit  of  "Library"  out  of  the  Funded 
Property  of  that  bequest. 
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PROCEEDINGS 

AT  THE 

ANNUAL    GENERAL    MEETING, 

19th  FEBRUARY,  1858. 

Award  of  the  Wollaston  Medal  and  Donation  Fund. 

The  preceding  Reports  having  been  read,  the  President,  Major- 
General  Portlock,  addressed  the  Meeting  as  follows  : — 

The  Report  of  the  Council  has  pointed  out  that  its  Members  have 
on  this  occasion  awarded  two  medals,  thinking  it  desirable  to  mark, 
without  delay,  their  high  appreciation  of  the  great  merits  of  two  most 
distinguished  men,  who,  labouring  in  countries  very  distant  from  each 
other,  have  contributed  largely  to  our  knowledge  of  the  ancient  Na- 

tural History  of  the  earth. 
The  first  Medal  has  been  assigned  to  a  veteran  Palaeontologist, 

Hermann  von  Meyer,  who  commenced  his  labours  twenty-three  years 
ago  by  investigating  the  principle  of  determining  the  order  and  classi- 

fication of  mineral  deposits  by  their  natural-history  relations.  From 
that  time  he  has  been  engaged  in  an  uninterrupted  course  of  Palseon- 
tological  inquiries  of  the  most  varied  nature,  and  he  has  become  one 
of  the  leading  authorities  upon  the  subject  in  Germany.  Sixteen  years 
ago  he  was  associated  with  Germar,  Count  Minister,  and  Professor 

Unger  in  that  important  work  '  Beitrage  zur  Petrefaktenkunde,'  or 
Contributions  to  the  Knowledge  of  Fossils,  which  was  rich  in  every 
branch  of  organic  remains,  whether  animal  or  vegetable  ;  and  I  find 

in  the  fifth  part  the  description  of  a  species  of  Pterodactyle,  Ptero- 
dactylus  Meyeri,  discovered  by  Von  Meyer  himself,  and  named  by 
Miinster  after  his  able  coadjutor.  Fossil  Fishes  and  Fossil  Plants 
were  equally  the  subject  of  discussion  in  this  able  work,  which  ex- 

tended to  seven  parts.  He  was  associated  with  Plieninger  in  de- 
scribing the  palaeontology  of  Wiirtemberg,  and  he  is  now  engaged 

with  Dunker  in  publishing  a  general  *  Pal8^ontographica,,  which  has 
already  recorded  many  interesting  discoveries  in  this  most  rich  and 
fascinating  science.  It  will,  I  am  sure,  therefore,  be  felt  that  we  are 
only  doing  justice  to  the  claims  of  a  man  who  has  produced  no  less 
than  57  treatises  upon  Palaeontological  subjects,  not  one  of  which 
can  be  considered  undeserving  of  respect  and  attention. 

Sir  C.  Lyell, — It  is  with  great  pleasure  that  I  place  the  Medal 
VOL.  XIV.  C 
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in  your  hands,  requesting  that  you  will  convey  to  M.  Hermann  von 
Meyer  our  high  appreciation  of  the  value  of  his  labours,  and  our 
gratification  at  conveying  it  to  him  through  one  so  fully  able  to  value 
the  services  of  a  great  Palaeontologist. 

Sir  C.  Lyell  thus  replied : — 

Mr.  President, — It  will  give  me  great  pleasure  to  take  charge 
of  the  Medal  which  has  been  awarded  by  the  Geological  Society  of 
London  to  my  friend  M.  Hermann  von  Meyer. 

The  importance  of  his  Palseontological  labours  is  now,  as  you  have 
truly  stated,  universally  acknowledged ;  but  for  my  own  part,  I  con- 

fess that  I  should  scarcely  have  been  aware  of  their  vast  extent  had 
I  not  enjoyed  opportunities  of  visiting  Frankfort  from  year  to  year, 
and  seeing  the  author  engaged  in  his  preparations  for  those  mono- 

graphs on  fossil  reptiles  with  which  he  has  enriched  our  science.  I 
see  that  one  of  the  most  splendid  of  these  elaborate  treatises,  which 
contains  I  believe  descriptions  and  illustrations  of  about  80  species  of 
Triassic  Reptiles,  is  now  lying  on  our  table — a  work  of  which  it  is 
not  too  much  to  assert,  that  it  would  have  secured  a  very  high  repu- 

tation for  its  author  had  it  been  the  only  labour  of  his  life.  For  this 
and  for  his  other  publications,  M.  von  Meyer  has  executed  all  the 
drawings  with  his  own  hand,  and  has  done  them  all  on  transparent 
paper,  so  that  his  lithographer,  when  transferring  them  to  stone,  has 
not  had  to  reverse  the  figures — a  process  during  which  the  spirit  and 
accuracy  of  the  originals  are  often  found  to  suffer. 

Allow  me,  Sir,  in  conclusion,  again  to  express  to  you  the  satisfac- 
tion I  feel  at  being  requested  to  transmit  this  well-earned  tribute  of 

our  esteem  to  one  of  the  most  distinguished  of  our  Foreign  Members. 

The  President  proceeded  :— 
The  Council  has  awarded  the  second  Medal  to  Mr.  James  Hall,  of 

New  York,  as  a  testimonial  of  its  high  opinion  of  his  merits  as  a  pa- 
laeontologist and  geologist.  Twenty-one  years  ago  Mr.  Hall  exhibited 

his  taste  for  palaeontology  by  describing  two  species  of  Trilobites  be- 
longing to  the  genus  Paradoxides,  a  genus  very  remarkable  in  its  con- 

formation, and  which  our  friend  Mr.  William  Rogers  has  lately  dis- 
covered in  a  highly  metamorphosed  rock,  long  considered  a  crystalline 

schist,  near  Boston.  His  notes  upon  the  geology  of  the  Western 
States  soon  followed  as  a  testimony  to  his  love  of  pure  geology  ;  but 
the  palaeontology  of  New  York  proved  him  to  be  worthy  of  the  re- 

spect of  all  lovers  of  natural  science.  He  has  gone  steadily  forward, 
and  we  are  now  indebted  to  him  for  an  accurate  knowledge  of  the 
geology  and  palaeontology  of  the  great  State  of  New  York,  which  is 
in  itself  equal  to  a  large  kingdom  in  magnitude.  The  last  of  his 

works,  "  Descriptions  of  New  Species  of  Palaeozoic  Fossils  from  the 
Lower  Helderberg,  Oriskany  Sandstone,  Upper  Helderberg,  Hamil- 

ton, and  Chemnung  groups,"  published  last  year,  is  full  of  descriptions 
of  new  species ;  and,  although  I  am  myself  prone  to  hesitate  respect- 

ing new  species  when  closely  allied  to  previously  known  species,  the 
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work  proves  the  continued  energy  and  ability  of  Mr.  Hall  in  his  fa- 
vourite study. 

To  me  it  has  always  appeared,  that  the  history  of  any  of  the  past 

epochs  of  the  earth's  history  may  best  be  studied  in  countries  which 
have  not  undergone  any  great  disturbance  during  its  continuance.  In 
England,  from  its  insular  position,  it  is  easy  to  observe  that  numerous 
disturbances  must  have  interfered  with  the  tranquil  course  of  events, 
whilst  in  large  continents,  such  as  America,  and  a  large  portion  of  the 
continent  of  Europe,  such  as  Russia,  &c,  little  comparative  disturb- 

ance may  be  looked  for,  and  the  succession  of  organic  existences  may  be 
supposed  to  have  gone  on  under  the  influence  of  ordinary  and  natural 
causes  alone.  Such  considerations  as  these  are  the  more  interesting 
at  the  present  moment  as  Sir  R.  Murchison  has  lately  been  enabled 
to  establish  the  Silurian  age  of  certain  rocks  in  Scotland,  by  the  dis- 

covery in  them  of  Silurian  fossils,  not  of  the  English  type,  but  of  the 
American  type,  amongst  which  may  be  mentioned  the  genus  Maclurea, 
so  called  after  one  of  the  first  writers  on  American  Geology,  the  well- 
known  Mr.  Maclure.  This  curious  fact  adds  to  our  interest  in  the 

award  of  this  Medal,  which  we  wish  to  be  considered  as  a  testimony 
of  the  high  respect  which  our  Society  entertains  for  the  labours  of 
American  geologists,  and  especially  for  those  of  Mr.  James  Hall. 
I  should  have  felt  much  pleasure  in  transmitting  the  Medal  through 

Professor  Ramsay,  who  during  the  last  summer  represented  our  So- 
ciety at  the  Meeting  of  American  Naturalists  in  Canada ;  but  in  his 

absence,  I  naturally  turn  to  you,  Sir  Roderick  Murchison,  as  the 
natural  leader  on  every  question  relating  to  the  Silurian  Formation, 
and  who  would  have  been  our  representative  in  America  had  you  not 

found  it  necessary,  from  ill-health,  to  decline  the  pleasing  duty  in  fa- 
vour of  Professor  Ramsay,  who  may  be  considered  almost  your  pupil. 

Let  me  then  request  you  to  undertake  the  task  of  conveying  the  Me- 
dal to  Mr.  James  Hall,  and  expressing  our  high  respect  for  him  and 

his  labours.  The  Council  has  added  the  proceeds  in  the  hope  that 
the  sum,  though  small,  may  be  of  use  to  Mr.  Hall  in  the  publication 
of  his  fossils. 

In  reply  Sir  R.  Murchison  said  : — 

Sir, — Although  I  am  unexpectedly  called  upon,  through  the  acci- 
dental absence  of  Professor  Ramsay,  to  receive  the  Wollaston  Medal 

for  Mr.  James  Hall,  I  beg  to  assure  you,  that  no  one  of  my  country- 
men can  more  truly  rejoice  than  I  do  in  the  adjudication  of  the  highest 

honour  this  Society  can  bestow,  to  so  eminent  an  American  geologist, 
In  my  earnest  desire  to  have  visited  the  United  States  and  Canada 

last  summer — a  desire  which  was  alone  frustrated  by  the  state  of  my 
health, — my  chief  gratification  would  have  been  to  have  examined, 
under  the  guidance  of  James  Hall,  those  great  expanses  of  the  Silu- 

rian and  other  palaeozoic  rocks  of  the  Western  Continent  which  he  has 
so  truthfully  and  ably  described ;  for  it  is  he  who  has  shown  us  that, 
however  widely  separated  by  the  Atlantic,  the  fossil  remains  of  the 
earliest  traceable  living  things  in  the  New  World  have,  like  the  present 
inhabitants,  the  strongest  relationship  with  the  old  country.    Permit 

c2 
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me,  Sir,  also  to  say,  that  the  high  estimate  of  the  merits  of  our 
medallist,  which  I  have  imbibed,  both  from  a  study  of  his  own  works 
and  by  reference  to  the  opinions  of  Lyell,  De  Verneuil,  and  Logan, 
has  been  much  strengthened  by  the  animated  reports  of  Professor 
Ramsay,  who  since  his  return  has  lost  no  opportunity  of  recording 
the  deep  sense  he  entertains  of  the  very  important  services  rendered 
to  Geological  science  by  the  arduous  and  meritorious  researches  of 
James  Hall. 

THE  ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT. 

Proceeding  now  to  the  more  special  duty  which  devolves  on  your 
President  this  day,  I  have  once  more  to  perform  the  melancholy 
task  of  recalling  to  your  memory  the  names  of  those  Fellows  of  our 
Society  who  have  been  removed  from  amongst  us,  by  death,  during 
the  year ;  and  it  is  with  sorrow  that  I  find  how  erroneous  was  the 
hope  I  entertained  last  year,  that  the  very  magnitude  of  the  losses 
I  then  commemorated  would  insure  me  from  having  to  dwell  in  the 
present  year,  for  any  length  of  time,  upon  so  sad  a  subject.  It  was 
indeed  scarcely  to  be  expected  that  we  should  have  been,  as  a  large 
Society,  entirely  exempted  from  the  common  lot  of  humanity;  but 
the  blow  has  fallen  most  heavily  upon  us,  and  amongst  our  losses 
we  have  to  record  the  names  of  men  distinguished  in.  almost  every 
branch  of  literary  or  scientific  lore. 

The  first  I  shall  notice  w^as  indeed  a  patriarch  of  our  science,  one 
of  those  illustrious  men  who  assisted  at  the  very  birth  of  Geology 
amongst  us,  one  who  was  long  looked  up  to  as  a  sure  guide  in  the 
path  of  truth  and  science.  You  will  at  once  perceive  that  I  allude 
to  the  late  Dean  Conybeaee,  who  last  came  amongst  us  only  a  very 
short  time  before  the  summer  recess,  when  he  appeared  to  take  as 
lively  an  interest  as  ever  in  the  proceedings  of  the  Society  he  had 
once  cheered  by  his  frequent  attendance,  and  adorned  by  his  labours ; 
and  as  he  was  going  away  he  assured  me  that  it  was  always  with 
pleasure  and  satisfaction  he  came  to  meetings  from  which  duty  and 
distant  residence  could  alone  keep  him  away. 

It  has  been  justly  said  that  he  was  one  of  a  race  of  clergymen, 
and  those  men  of  intellectual  eminence.  His  grandfather  was  Dean 

of  Christchurch  and  Bishop  of  Bristol,  the  friend  of  Bishop*  Berkely, 
and  the  author  of  a  work  distinguished  even  in  an  age  of  deep  thinkers 

and  profound  theologians,  and  entitled  '  The  Defence  of  Revealed 
Religion.'  The  Bishop's  only  son,  Dr.  William  Conybeare,  Rector 
of  Bishopsgate,  left  behind  him  two  sons,  both  of  whom  were 
eminent  men.  The  elder,  John  Josias,  Vicar  of  Bath  Easton,  was  an 
accomplished  scholar,  no  inconsiderable  chemist,  a  sound  geologist, 
and  filled  with  credit  the  University  offices  of  Professor  of  Poetry 
and  of  Anglo-Saxon,  as  well  as  that  of  Bampton  Lecturer:  he  pro- 

moted the  revival  of  Saxon  literature,  and  left  behind  him,  on  his 

death  in  early  life,  a  volume  of  translations  which  it  was  his  brother's 
office  to  complete  and  edit.  That  brother,  the  second  son  of 

Dr.  "William  Conybeare,  was  the  illustrious  object  of  this  notice, 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.
  XXV 

William  Daniel  Conybeare :  he  was  born  in  June  1787,  and  in  due 

time  sent  to  Westminster  School,  where  he  received  his  early  edu
- 

cation. From  Westminster  he  proceeded  to  Oxford,  and  entered 

Christ  Church  in  the  same  year  as  his  fellow  collegian  Sir  Robert  Peel, 

taking  a  first  class  in  classics,  in  which  he  was  classed  with  b
ir 

Robert,  and  a  second  class  in  mathematics,  in  which  he  was  class
ed 

with  Archbishop  Whately.  Until  he  took  his  M.A.  degree,  he 

continued  to  reside  at  the  University,  pursuing  various  studies  and 

assisting  by  his  exertions  to  lay  the  foundation  of  Geology,  which
 

was  then  only  a  rising  science.  At  the  early  portion  of  the  present 

century,  an  indifference,  such  as  we  can  now  scarcely  understan
d  as 

to  the  cultivation  of  the  natural  sciences  prevailed  at  Oxford;  but, 

in  the  midst  of  the  consequent  general  neglect,  a  small  band  of  in
di- 

viduals, residents  of  the  University,  were  united  m  the  effort  to 

keep  alive  a  taste  for  at  least  one  branch  of  natural  science,  an
d 

succeeded  in  enlisting  others  in  its  cause. 

The  first  lectures  given  at  Oxford  on  Mineralogy,  which  was  then 

as  a  study  not  accurately  distinguished  from  Geology,  were,  it  is 

believed,  those  delivered  by  Sir  Christopher  Pegge,  then  Regius  Pro- 
fessor of  Medicine ;  and  although  it  may  not  be  possible,  either  from 

written  records  or  from  the  personal  testimony  of  any  one  now- 

living,  to  form  an  accurate  opinion  of  the  merits  of  those  lectures,  it 

may  be  fairly  assumed  that  they  were  not  destitute  of  attractiveness
, 

as  the  same  individual  delivered  long  afterwards  lectures  on  Anatomy, 

remarkable  for  an  elegance  and  a  fluency  of  diction  which  have 

caused  them  to  continue  fresh  in  the  recollection  of  many,      &r 

Christopher  Pegge  was  succeeded  by  Dr.  Kidd,  who  for  several  years 

gave  courses  of  lectures  at  Oxford  on  both  the  allied  sciences,  Mine- 

ralogy and  Geology,  and  collected  around  him  a  knot  of  persons 

interested  in  similar  pursuits,  who  formed  themselves  into  a  little 

club  of  Oxford  Geologists.     This  club  included  amongst  its  mem- 

bers the  late  Dr.  Buckland,  the  two  brothers  Conybeare,  the  late 

Rev.  Philip  Serle,  of  Trinity  CoUege,  afterwards  Rector  of  Adding- 

ton,  Oxford,  and  many  others,  who,  though  less  vigorously  devoting 

themselves  to  geological  research,  were  still,  from  their  _  eminent 

qualities  and  high  character,  most  instrumental  in  keeping  alive 

the  growing  interest  for  the  new  science,  and  in  raising  the  cha- 
racter of  the  club  so  high,  that  some  of  the  early  members  of  the 

Geological  Society  of  London,  then  in  its  infancy,  amongst  whom 

were  the  late  Mr.  Greenough  and  the  present  patriarch  of  our  science, 

Dr.  Fitton,  were  in  the  habit  of  paying  an  annual  visit  in  Whitsun- 

week  to  the  University,  in  order  to  explore,  under  the  guidance  of 

the  geologists  of  Oxford,  the  physical  structure  of  the  rocks  in  its 

neighbourhood;  whilst,  on  their  part,  they  thus  judiciously  enlisted 

local  inquirers  in  the  service  of  general  geology. 
The  venerable  Principal  of  Magdalen  College,  Dr.  Macbride,  is  the 

only  survivor,  at  Oxford,  of  this  memorable  club,  and  he  preserves  at 

an  advanced  age  the  vigour  of  his  faculties,  and  exhibits  all  his  former 

interest  in  the  progress  of  learning  and  of  science;  but  of  non-resi- 

dents, there  still  survive  Archdeacon  Hony,  now  Prebendary  of  Sarum, 
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and  Mr.  Philip  Duncan,  who  now  resides  at  Bath :  the  latter  and  his 
brother,  Mr.  John  Grant,  were  Fellows  of  New  College,  were  honoured 
by  the  degree  of  D.C.L.,  and  were  remarkable,  not  only  for  their  love 

of  natural  history,  but  for  their  zealous  support  of  every  philan- 
thropic and  scientific  object.  The  Eev.  William  D.  Conybeare  was, 

however,  in  the  first  rank  of  this  little  body,  and  stood  so  high  in  the 
estimation  of  all  its  members,  that  Dr.  Buckland,  when  first  lecturing 
as  the  successor  to  Dr.  Kidd,  expressed  in  the  warmest  terms  his 
sense  of  the  obligations  he  owed  to  him  for  the  information  he  had 
imparted  on  points  relating  to  geology,  and  his  persuasion  that  it 
would  not  have  been  fitting  for  him  to  offer  himself  to  fill  the  oifice 
of  lecturer  on  that  subject,  had  Mr.  Conybeare  been  desirous  to  occupy 
it.  Let  me  add  here,  that  another  equally  eminent  individual,  the 
founder  of  the  new  school  of  geology  at  Cambridge,  as  Dr.  Buckland 
was  of  that  of  Oxford,  has  assured  me,  with  a  similar  frankness,  so 
characteristic  of  Professor  Sedgwick,  that  he  too  looked  upon  Dean 
Conybeare  as  his  early  master  in  geology. 

In  1814  Mr.  Conybeare  married,  and  retired  from  the  University, 
the  scene  of  his  early  triumphs,  to  undertake  the  quiet  work  of  a 
country  curacy,  and  nine  years  afterwards  removed  to  the  vicarage 
of  Sully  in  Glamorganshire,  on  the  presentation  of  the  late  Evan 

Thomas,  Esq.,  his  brother-in-law ;  but,  whilst  holding  the  curacy  of 
Banbury  and  Lectureship  of  Brislington,  near  Bristol,  he  had  been 
mainly  instrumental,  in  conjunction  with  Sir  Henry  Delabeche,  in 
founding  the  Bristol  Philosophical  Institution  and  Museum,  and  it 
was  at  that  time  he  received  a  visit  from  the  great  French  geologists, 
M.  Elie  de  Beaumont  and  M.  Dufrenoy,  who  came  for  the  purpose 
of  acquiring  a  knowledge  of  the  secondary  rocks  of  England,  as  a 
standard  of  reference  for  those  of  France;  and  he  so  impressed  them, 
whilst  acting  as  their  companion  and  guide  in  an  exploration  of  the 
neighbourhood,  with  a  deep  sense  of  his  geological  knowledge,  that 
they  were  prepared  on  their  return  to  cooperate  with  Cuvier  in  ob- 

taining the  election  of  Mr.  Conybeare  as  a  corresponding  member  of 
the  Institute,  for  Geology.  Nor  must  it  be  supposed  that  this  excel- 

lent man  neglected  his  sacred  duties  whilst  storing  his  mind  with 

the  richest  treasures  of  geological  research,  as  it  was  during  his  resi- 
dence at  Sully  that  he  delivered,  gratuitously,  at  the  request  of  his 

friend  Dr.  Prichard,  a  course  of  theological  lectures  at  Bristol  College, 
of  which  institution  he  had  become  a  visitor. 

In  1836  he  left  Sully  and  went  to  Devonshire,  having  presented 
himself  to  his  family  living  of  Axminster,  and,  whilst  there,  preached, 
at  the  request  of  the  authorities  of  the  University  of  Oxford,  the 
Bampton  Lecture  for  1839.  The  living  of  Axminster  he  resigned 
after  a  few  years,  on  being  called  by  his  friend  Bishop  Copleston  to 
the  care  of  the  Cathedral  of  Llandaff.  Here  he  continued  zealously 
to  carry  on  the  good  work  of  restoration  which  had  been  com- 

menced by  his  predecessor  Dean  Bruce  Knight ;  and,  as  at  all  times 
in  his  life,  was  ever  ready  to  distribute  the  rich  and  varied  stores  of 
his  mind  for  the  benefit  of  his  fellow-men,  in  whatsoever  station  of 
life  they  might  have  been.     This  venerable,  much-loved  man,  and 
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admired  philosopher,  left  Llandaff  to  attend  the  death-bed  of  his 
eldest  son,  and,  whilst  pausing  in  his  return,  at  the  house  of  an- 

other son,  was  stricken  with  pulmonary  apoplexy,  and  died  on  the 
morning  of  the  12th  of  August,  after  an  illness  of  only  three  hours, 
in  the  71st  year  of  his  age. 

Such  is  the  general  picture  of  the  life  of  a  truly  estimable  man ;  and 
I  shall  now  add  to  it  a  very  brief  notice  of  his  most  characteristic 
works,  premising,  however,  that,  even  before  the  peace  of  1815  had 
opened  the  Continent  to  British  geologists,  Mr.  Conybeare  had  formed, 
from  the  imperfect  data  then  within  his  reach,  a  sound  opinion  as  to 
the  identity  of  the  Jura  limestone  with  the  oolitic  formations  of  Eng- 

land, an  anticipation  which  he  had  afterwards  the  gratification,  in 
conjunction  with  Dr.  Buckland  and  Mr.  Greenough,  of  verifying. 
The  versatility  of  the  genius  of  Dean  Conybeare  led  him  to  examine 
and  describe  the  lesser  points  connected  with  organic  remains,  as  well 
as  the  greater ;  a  circumstance  in  which  he  strongly  resembled  his 
friend  and  fellow-labourer  Dr.  Buckland.    For  an  exemplification  of 
this  peculiarity  of  his  mind,  I  shall  refer  to  his  paper  published 
in  the  year  1814,  in  the  second  volume  of  the  Transactions  of  the 
Society,  and  therefore  one  of  his  early  contributions  to  Palaeonto- 

logical  Science.     It  was  entitled,  "  On  the  Origin  of  a  remarkable 
Class  of  Organic  Impressions  occurring  in  Nodules  of  Flint."     Mr. 
Parkinson  had  described  them  as  "  small  round  compressed  bodies, 
not  exceeding  the  eighth  of  an  inch  in  their  longest  diameters,  and 
horizontally  disposed,  connected  by  processes  nearly  of  the  fineness 
of  a  hair,  which  pass  from  different  parts  of  each  of  these  bodies, 
and  are  attached  to  the  surrounding  ones ;  the  whole  of  these  bodies 

being   thus  held  in   connexion."      Mr.  Parkinson  considered  that 
these  bodies  were  the  works  of  polypes,  and  he  therefore  classed 
them  with   corals  of  some  unknown  genera;   and   Dr.  Buckland, 
who  had  directed  his  attention  to  them  simultaneously  with  Mr. 
Conybeare,  considered  that  the  moulds  in  which  the  siliceous  casts 

had  been  formed  were  the  work  of  parasitic  insects,  the  thin  hair-like 
appendages  having  been  the  passages  of  entry  first  made  by  the  in- 

sects, and  the  larger  flattened  bodies  the  cavities  afterwards  excavated, 
the  object  of  the  excavation  having  of  course  been  to  obtain  nourish- 

ment from  the  body  thus  eaten  into,  whether  a  shell  or  any  other. 
This  observation  of  Dr.  Buckland  was  communicated  to  Mr.  Cony- 

beare, but  not  until  he  had  completed  his  own  researches,  and  arrived 

at  the  same  virtual  conclusion, — namely,  that  "  these  cellules  were 
the  works  of  animalcules  preying   on  shells  and  on  the  vermes  in- 

habiting them."     In  arriving  at  this  conclusion,  Mr.  Conybeare  was 
guided  by  the  examination  of  various  fragments  of  shells,  still  pre- 

served in  contact  with  the  siliceous  matter  which  had  subsequently 
been  infiltrated  into  the  cavities  produced  by  the  boring  animal. 
These  appear  to  have  been  portions  of  shells  distinguished  by  a 
striated  texture,  and  were  stated  by  Mr.  Conybeare  to  resemble  in 
structure  the  recent  Pinna  marina,  as  the  genus  Inoceramus  does; 
but  in  addition  to  these,  Mr.  Conybeare  found  them  connected  with 
other  shells,  and  even  with  an  Echinus  and  a  Belemnite.     Though 
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Mr.  Conybeare  spoke  with  diffidence  of  his  having  brought  before  the 
Society  a  paper  on  such  minute  palaeontology,  it  cannot  be  doubted 
that  the  interest  connected  with  the  discovery  of  the  existence  and 
workings  of  minute  marine  animals  at  so  remote  an  epoch  is  of  a 
very  high  order.  The  flints  and  other  siliceous  deposits  of  the  chalk 
and  other  geological  epochs,  have  indeed  been  striking  examples  of 
the  effect  of  judicious  investigation  in  rendering  the  most  obscure 
objects  the  means  of  throwing  light  upon  natural  phenomena. 

Mr.  Conybeare  was  fully  aware  of  the  necessity  of  studying  phy- 
sical as  well  as  organic  phenomena  in  connexion  with  geological 

science ;  and  it  is  truly  surprising  how  often  the  intimate  connexion 
of  the  physical  geography  of  remote  epochs  with  their  natural  his- 

tory is  overlooked.  His  description  of  the  land-slip  which  occurred 
on  the  coast  of  Culverhole  Point,  near  Axmouth,  in  December  1839, 
wras  ably  illustrated  by  a  series  of  lithographic  plates  from  the  draw- 

ings of  the  present  Lieut. -Colonel  Dawson ;  and  the  magnitude  of 
the  results  was  well  expressed  by  the  following  words : — "  Although 
this  convulsion  can  only  be  ascribed  to  the  less  dignified  agency  of 
the  land-springs  constantly  undermining  the  sub-strata,  yet,  in  the 
grandeur  of  the  disturbances  it  has  occasioned,  it  far  exceeds  the 
ravages  of  the  earthquakes  of  Calabria,  and  almost  rivals  the  vast 
volcanic  fissures  of  the  Yal  del  Bove  on  the  flanks  of  iEtna."  With- 

out doubt  these  phenomena  are  very  striking  and  interesting  in 
themselves ;  but  they  become  still  more  so  when  we  reflect,  as  Mr. 
Kobert  Mallet  has  taught  us  to  do,  that  they  ought  not  to  be  con- 

fined to  the  existing  epoch  alone,  but  should  be  sought  for  in  the 
stony  records  of  past  ages.  The  paper  on  the  Hydrographical  Basin 
of  the  Thames,  written  with  a  view  to  determine  the  causes  which 
had  operated  in  forming  ,the  Valleys  of  the  Thames  and  its  tribu- 

tary streams,  is  equally  valuable  as  tending  to  maintain  the  value 
of  attending  to  physical  geography  in  geological  investigations.  His 
examination,  also,  of  the  Theory  of  Mountain-chains,  then  recently 
propounded  by  M.  Elie  de  Beaumont,  as  well  as  his  remarks  on  the 
phaenomena  of  geology  which  most  directly  bear  on  theoretical  specu- 

lations, are  proofs  of  the  truly  philosophical  and  enlarged  view  he 
took  of  his  favourite  science. 

In  noticing  the  works  of  Dr.  Buckland,  I  have  already  detailed  the 

importance  of  the  paper  wThich  was  compiled  by  him  in  conjunction 
with  Mr.  Conybeare,  on  the  Bristol  and  South  Welsh  Coal-fields ; 
one,  as  I  then  observed,  of  those  elaborate  and  comprehensive  papers 
which  were  the  fitting  work  of  the  first  pioneers  of  geological  science, 
and  the  difficulty  of  which  can  scarcely  be  appreciated  in  these  times 
when  the  foundations  of  the  science  have  been  fairly  laid,  and  geo- 

logists have  only  to  improve  or  correct  the  details.  His  remarks  on 
the  sections  of  the  Antrim  and  Deny  coast  were  also  a  conjoint  work, 
and  of  much  interest. 

Another  and  equally  remarkable  work  was  that  undertaken  in  con- 
junction with  the  late  Mr.  William  Phillips,  namely,  the  '  Outlines  of 

the  Geology  of  England  and  Wales,'  as  it  may  be  considered  the  first 
systematic  work  on  the  subject ;  and,  though  geology  has  been  since 
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more  specialized  and  studied  in  minuter  detail,  this  work  ■will  always 
be  regarded  as  a  striking  proof  of  the  ability  and  knowledge  of  the 
authors. 

It  was,  however,  in  1821  (April  6)  that  Mr.  Conybeare  commu- 
nicated to  the  Society  that  remarkable  Palseontological  paper  which 

excited  so  much  interest  at  the  time,  and  established  in  the  most 

satisfactory  manner  the  propriety  of  estabhshing  a  new  genus  of  Bep- 
tilia,  forming  an  intermediate  link  between  the  IchtJiyosaurus  and 
Crocodile,  to  which  Mr.  Conybeare  gave  the  name  of  Plesiosaurus. 

The  discovery  of  immense  vertebrae  of  oviparous  quadrupeds  in  the 
Lias  near  Bristol  had  attracted  the  attention  of  Mr.  Conybeare,  who 
quickly  recognized  the  difference  between  those  belonging  to  the 

Ichthyosaurus  and  others,  which  evidently,  in  his  opinion,  were  por- 
tions of  a  different  animal.  With  a  singular  acumen  and  rare  sa- 

gacity, he  placed  the  detached  vertebrae  in  their  proper  position,  and 
finally  established  his  new  genus,  for  which  he  adopted  the  name 
Plesiosaurus,  as  expressing  its  near  approach  to  the  order  Lacerta. 

For  the  whole  group  of  animals  which  approximate,  on  the  one 
hand,  to  the  Crocodiles  in  general  organization,  and  yet  have  been 
provided  with  such  specific  organs  as  were  necessary  to  enable  them 
to  live,  at  least  principally,  in  the  sea,  Mr.  Conybeare  proposed  the 
name  Enalio-sauri,  as  a  classic  appellation  for  the  whole  order ;  and 
he  observes  of  the  genera  composing  it,  that  even  the  Ichthyosaurus, 
which  recedes  most  widely  from  the  forms  of  the  Lizard  family,  and 
approaches  nearest  to  those  of  fishes,  exhibits  in  its  osteology  a  beau- 

tiful series  of  analogies  with  that  of  the  Crocodile,  and  which  widely 
remove  it  from  fishes. 

In  this  paper  he  then  described  in  the  minutest  detail  the  osteology 
of  the  Ichthyosaurus,  and  exhibited  a  knowledge  of  anatomy  which 
excited  the  admiration  of  every  one.  He  then  examined  with  equal 
care  the  relics  of  the  new  genus,  which,  although  at  that  time  not 
complete,  were  sufficient  to  enable  Mr.  Conybeare  to  conclude  that 
the  vertebral  column  recedes  from  that  of  the  Ichthyosaurus  in  all 
the  points  in  which  the  latter  approaches  to  the  fishy  structure,  and 
that  the  invertebral  substance  must  have  been  disposed  much  as  in 
Cetacea ;  and  that,  from  the  locking  together  of  the  articulating  pro- 

cesses, it  must  have  had  much  less  flexibility  than  in  the  Ichthyo- 
saurus or  in  fishes.  In  examining  also  such  portions  of  the  paddles 

as  could  be  arranged  in  order,  he  comes  to  a  similar  conclusion  in 
another  direction,  namely,  that  the  paddles  of  the  Plesiosaurus  are 
intermediate  in  character  between  those  of  the  IchtJiyosaurus  and  the 

Sea-turtles ;  and  thus  in  every  respect  he  laid  a  sound  foundation  for 
his  new  genus. 

It  is  to  be  remarked  that  this  paper  was  given  as  the  joint  pro- 
duction of  Mr.  Conybeare  and  Sir  Henry  Delabeche,  to  whom  Mr. 

Conybeare  most  liberally  ascribed  a  full  share  of  the  merit  of  the 
discovery ;  but,  allowing  Sir  Henry  every  praise  for  his  assistance 
in  that  discovery  and  in  all  the  geological  details,  I  believe  the  sa- 

gacity and  skill  exhibited  in  the  osteological  details  and  reasonings 
have  always  been  ascribed  to  Mr.  Conybeare. 
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In  a  second  paper,  read  May  3,  1822,  Mr.  Conybeare  was  enabled 
to  describe  much  more  fully  all  the  relations  of  the  genera  Ichthyo- 

saurus and  Plesiosaurus,  from  the  discovery  of  other  remains,  both 
of  the  Ichthyosaurus  and  Plesiosaurus,  by  his  coadjutor  Sir  Henry 
Delabeche.  A  very  minute  examination  of  the  teeth,  especially, 
enabled  him  to  point  out  that  those  of  the  Ichthyosaurus  were  more 
intimately  related  to  the  teeth  of  the  Crocodile  than  to  those  of  other 
Lacertce  (an  opinion  then  at  variance  with  the  opinions  of  some  ana- 

tomists), whilst  at  the  same  time,  in  other  respects,  the  analogy  was 

in  the  other  direction,  for  Conybeare  observes,  "  in  pursuing,  how- 
ever, the  history  of  the  teeth  of  the  Ichthyosaurus  to  the  last  stage, 

we  quit  these  analogies  with  the  Crocodile,  and  arrive  at  another 
point  wherein  the  Ichthyosaurus  resembles  the  other  Lacertm,  in  com- 

mon with  many  of  the  Mammalia  :  this  is,  the  gradual  obliteration  of 

the  interior  cavity  in  old  age,  by  the  ossification  of  the  pulpy  nucleus." 
In  conjunction  with  Sir  H.  Delabeche  he  brought  up  the  number  of 
species  to  four,  determined  from  the  teeth  ;  and  in  his  further  con- 

sideration of  the  genus  it  is  right  to  notice  the  following  remarks, 
proceeding  from  him  after  noticing  a  difference  in  one  character  of 
the  fossil  Crocodile,  when  compared  with  the  recent,  as  stated  by 

Cuvier : — "  I  am  persuaded,  from  every  circumstance,  that  a  much 
nearer  approximation  to  the  structure  of  the  older  lacertian  genera 
will  be  found  in  the  fossil  than  in  the  recent  Crocodiles ;  interesting 
links  in  the  chain  of  Saurian  animals  will  be  thus  supplied,  and  it 

will  probably  be  found  that  many  of  the  points  in  which  the  Ich- 
thyosaurus differs  from  the  recent  type  are  only  instances  of  its 

agreement  with  the  fossil." The  researches  of  Sir  H.  Delabeche  had  not  at  this  time  led  to  the 

discovery  of  a  complete  skeleton  of  the  new  genus  Plesiosaurus ;  but 
additional  portions  of  it  were  found,  including  a  very  perfect  dental 
bone  of  the  lower  jaw,  whilst  a  tolerably  perfect  head  was  discovered 
by  Mr.  Thomas  Clarke  in  the  Lias  of  Street,  near  Glastonbury. 

The  investigation  of  these  new  relics  of  the  Plesiosaurus  led  Mr. 

Conybeare  to  the  following  conclusion :  "  On  the  whole  then,  the 
manner  in  which  the  ribs  of  the  Plesiosaurus  articulate  throughout, 
by  a  single  head,  to  the  extremity  of  the  transverse  processes  of  the 

vertebrae  only,  the  structure  of  the  humero-sternal  parts,  and  the 
characters  derived  from  the  head,  approximate  this  animal  most  nearly 
to  the  Lacertce.  By  its  teeth,  on  the  other  hand,  it  is  allied  to  the 
Crocodile ;  while  its  small  nostrils  and  multarticulate  paddles  are 

features  in  which  it  resembles  the  Ichthyosaurus"  This  able  paper 
he  concluded  with  words  characteristic  of  his  natural  modesty,  after 
pointing  out  the  difficulty  of  rendering  anatomical  details  at  once  sci- 

entifically accurate  and  yet  attractive  to  a  general  audience  :  "  I need 
not  add  how  much  these  difficulties  will  be  increased  in  the  hands  of 

a  writer  who  must  acknowledge  that,  while  intruding  on  the  pro- 
vince of  the  comparative  anatomist,  he  stands  on  foreign  ground,  and, 

using  almost  a  foreign  language,  is  frequently  driven  to  adopt  an 
awkward  periphrasis,  where  a  single  word  from  the  pen  of  a  master 

would  probably  have  been  sufficient." 
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However  some  may  at  the  time  have  been  inclined  to  throw  doubts 

upon  the  deductions  of  'Conybeare,  the  ability  and  accurate  discrimi- 
nation of  the  author  were  publicly  recognized  by  the  great  Cuvier, 

who  hastened  to  advocate  his  admission  to  the  French  Academy  as  a 
Corresponding  Member  for  the  Science  of  Geology;  and  I  am  sure 
that  all  living  palaeontologists  will  follow  the  example  of  the  late 

well-known,  and  at  that  time  so  highly  respected,  Mr.  Clift,  in  recog- 
nizing the  great  merits  of  Dean  Conybeare,  and  considering  him  one 

of  the  principal  founders  of  the  science  in  this  country. 
At  the  present  moment  it  would  be  tedious  and  unnecessary  to  pass 

in  review  the  whole  of  the  long  series  of  Mr.  Conybeare's  geological 
works,  nineteen  in  number ;  and  I  shall  point  your  attention  therefore 

solely  to  that  able  "Beport  on  the  Progress,  Actual  State,  and  Ulterior 
Prospects  of  Geological  Science,"  which  he  presented  to  the  British 
Association  in  1832,  at  its  meeting  in  Oxford,  in  which  he  treats  the 
subject  with  the  combined  powers  of  the  scholar  and  man  of  science, 
pointing  out  the  remarkable  analogy  in  the  views  of  Leibnitz  to  those 
of  many  modern  speculators  on  physical  geology ;  the  opinions  of 
Hooke  in  respect  to  the  hypothesis  of  the  elevation  of  our  continents  by 
volcanic  agency;  the  masterly  observations  of  Smith,  first  made  known 
in  1799,  which,  although  not  the  first  to  originate  the  doctrine  of  a 
regular  distribution  of  organic  remains,  yet  reduced  to  certainty  and 
order  what  had  been  before  vague  and  conjectural ;  the  gradual  rise 

of  the  Tertiary  Geology  from  its  foundation  in  the  admirable  '  Memoir 
on  the  Basin  of  Paris,'  by  Cuvier  and  Brongniart,  published  in  1811 ; 
the  establishment  of  the  Geological  Society  in  1808,  and  the  labours 
of  all  the  great  men  connected  with  it,  including,  amongst  many 
others,  Greenough,  Buckland,  Sedgwick,  Fitton,  Murchison,  Dela- 
beche,  Phillips,  Scrope,  Daubeny,  and  Lyell,  together  with  those  of 

foreign  geologists,' including  the  great  Von  Buch  and  Boue.  That 
Beport  alone  is  sufficient  to  prove  his  masterly  acquaintance  with 
the  history  of  his  favourite  science,  and  with  all  its  bearings, 
whilst  it  marks  the  liberal  spirit  with  which  he  entered  into  all 
geological  inquiries.  The  advance  of  geology  since  that  Beport  has 
been  enormous ;  and,  if  a  period  of  twenty  years  from  the  publica- 

tion of  Cuvier  and  Brongniart  had  done  so  much  in  raising  Tertiary 
Geology  to  a  high  position,  may  we  not  say  that  the  result  of  the 
next  twenty-five  years  has  been  still  more  remarkable,  and  has 
richly  rewarded  the  continued  and  judicious  researches  of  some  of 
our  most  distinguished  geologists,  such  as  Lyell,  Forbes,  Prestwich, 
and  Austen,  whilst  the  elevation  to  which  the  Silurian  system  has 
arrived  by  the  persevering  exertions  of  Murchison  is  a  monument  of 
progress  which  we  can  scarcely  hope  will  be  equalled  in  that  peculiar 
branch  of  geology  in  future  times. 

The  zeal  of  Dean  Conybeare  for  geology  never  forsook  him ;  and 
when  obliged  to  visit  Madeira  on  account  of  the  health  of  his  young- 

est son,  he  visited  the  Peak  of  Tenerifie,  and  studied  the  other  vol- 
canic phenomena  of  the  neighbouring  islands.  How  deeply  must  we 

regret  that  his  last  days  were  embittered  by  sorrow  for  the  death  of 
another  son,  from  whose  funeral  he  was  returning  at  the  time  of  his 
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death  !  But  so  excellent  a  man,  prepared  for  death  by  the  strict  per- 
formance of  every  christian  duty  during  life,-  requires  not  the  com- 

miseration of  those  who  survive  him ;  although  all  who  recollect  his 
air  of  gravity  and  of  sincerity,  which  always  made  his  words  effective 
in  commanding  attention  and  respect,  and  in  bringing  home  convic- 

tion to  the  minds  of  his  hearers,  must  feel  how  heavy  a  loss  we  have 
experienced. 

The  next  person  whom  I  shall  notice,  though  unquestionably  not 
possessed  of  the  same  extensive  range  of  intellectual  acquirements  as 
the  illustrious  individual  of  whom  I  have  just  spoken,  was  yet  a  most 
active,  intelligent,  and  valuable  member  of  our  Society.  Me.  Joshua 
Trimmer  was  the  eldest  son  of  Joshua  Kirby  Trimmer  (who  was  the 

eldest  son  of  Mrs.  Trimmer  the  well-known  authoress),  and  was  born 
at  North  Cray  in  Kent,  on  the  11th  of  July,  1795.  When  he  was 
about  four  years  old  his  parents  removed  to  Brentford,  Middlesex, 
in  order  to  be  near  the  authoress,  who  resided  in  that  parish.  Under 
the  roof  of  that  venerable  and  widowed  relative,  much  of  the  early 
childhood  of  the  subject  of  this  memoir  was  passed.  The  attention 
of  the  authoress  was  first  particularly  drawn  to  this  grandchild  by 
accidentally  hearing  him  explain  to  a  younger  member  of  his  family, 
rules  of  christian  conduct  to  be  observed  through  life — rules  which, 
being  entirely  approved  of  by  Mrs.  Trimmer,  were  scrupulously  fol- 

lowed out  by  himself  in  his  own  life.  His  docile  disposition  and 
inquiring  mind  gained  her  especial  notice  and  affection,  and  he  was 
held  up  by  her  to  her  various  juvenile  descendants  as  one  whom  they 
would  do  well  to  endeavour  to  resemble.  It  was  indeed  recorded  of 

him,  in  the  published  life  of  Mrs.  Trimmer,  "  that  Sunday  was  to 
him  a  day  of  perfect  felicity;  and  whether  he  sat  with  his  book 
under  a  tree,  or  examined  with  his  venerable  grandmother  the  beau- 

ties of  the  plants  and  flowers,  his  countenance  shone  with  delight ; 
and  in  the  winter,  when  such  pleasures  could  not  be  recurred  to,  the 

day  was  still  one  of  enjoyment,  and  never  wearied  him." 
His  taste  for  the  science  of  geology  was  innate :  his  aged  mother, 

who  survives  to  mourn  his  loss,  well  remembers  that  at  a  very 
early  age,  when  he  used  to  accompany  her  and  the  authoress  in 
their  walks,  his  chief  delight  was  to  ramble  to  the  side  of  a  river  or 
of  a  canal  in  search  of  shells,  which  he  would  bring  to  the  authoress 
that  she  might  name  them;  and  frequently  when  at  home  he 

would  invite  his  mother's  attention  to  the  organic  formations  on 
oyster- shells,  expressing  the  strongest  desire  to  learn  their  natural 
history.  Though  the  favourite  study  of  his  life  appears  to  have  ori- 

ginated with  himself,  his  daily  converse  with  the  venerable  Mrs. 

Trimmer,  who  was  emphatically  "  the  child's  friend,"  confirmed  his 
early  tastes,  and  assisted  in  training  his  mind  for  that  keen  observa- 

tion and  searching  inquiry  which  so  characterized  his  subsequent 
geological  pursuits ;  and  it  is  worthy  of  remark,  that  these  two  rela- 

tives in  their  separate  writings,  directed  as  they  were  to  widely  dif- 
ferent subjects,  arrived  at  the  same  inductive  conclusion  with  refer- 

ence to  eternal  truth.     The  authoress,  in  a  little  publication  entitled 
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"  The  Knowledge  of  Nature,  for  the  instruction  of  Children,"  has  this 
remark :  "  It  is  evident  from  the  construction  of  every  part  of  nature, 
from  the  noblest  to  the  most  insignificant,  that  they  are  all  most  ad- 

mirably formed ;  they  must  therefore  have  been  the  work  of  some 

wise,  powerful  Being,  infinitely  our  superior;"  whilst  the  closing 
words  of  her  grandson,  in  his  work  on  "  Practical  Geology  and  Mine- 

ralogy," are,  "  The  structure  of  the  earth,  as  well  as  the  mechanism 
of  the  heavens,  proclaims  the  Divinity  of  the  Hand  which  made  them. 
The  one  tells  of  power  and  wisdom  displayed  through  the  immensity 
of  space,  the  other  tells  of  the  same  attributes  displayed  through  the 
immensity  of  time ;  and  thus  every  bone  and  shell  and  leaf  disinterred 
from  the  dust  of  the  earth  leads  our  thoughts  towards  eternity  and 
the  world  of  spirits,  and  tells  us  that,  though  all  things  visible  are 
subject  to  change,  they  are  the  work  of  one  invisible  and  eternal 

Being,  '  the  same  yesterday,  today,  and  for  ever.'  " 
About  the  year  1806,  young  Trimmer  was  placed  as  a  pupil  with 

the  Eev.  "William  Davison,  at  that  time  Curate  of  New  Brentford. 
Under  that  highly  talented  preceptor,  he  pursued  his  classical  and 
mathematical  studies  with  such  diligence  as  to  gain  the  esteem  of 
his  preceptor,  which  he  retained  until  his  decease  in  the  year  1852. 
When  about  nineteen  years  of  age,  he  superintended  for  his, 

father  some  copper-mines  in  North  Wales ;  whilst  thus  employed,  he 
gained  a  practical  knowledge  of  mineralogy.  After  several  years 
he  undertook  for  his  father  the  management  of  a  farm  in  Middlesex; 
and,  being  thus  engaged  for  some  years,  he  acquired  during  that 
period  a  portion  of  that  knowledge  of  soils  which  in  after-life  he  so 
prominently  connected  with  geology.  During  this  period  of  his  life 
he  continued  to  reside  with  his  parents,  and  his  evenings  were  not 
unfrequently  spent  in  Scriptural  study.  When  engaged  in  other 
reading,  the  poet  Spenser  was  his  especial  favourite ;  and  his  intimate 

acquaintance  with  every  page  of  the  "  Faerie  Queene"  may  have  fur- 
nished him  in  part  with  that  great  command  of  language,  so  frequently 

evident  in  his  writings.  In  prose-writing  his  model  was  Addison, 
the  elegance  of  whose  periods  he  admired :  not  unlike  that  author,  he 
wrote  with  the  greatest  facility,  never  pausing  for  ideas  or  for  lan- 

guage to  express  them ;  and  it  was  not  his  habit  to  reconstruct  any 
sentence  he  had  once  written :  he  composed  also  with  ease  in  poetry, 
and  gave  expression  to  his  thoughts  in  flowing  and  harmonious  verse, 
and  at  an  early  age  translated  from  the  Italian  a  considerable  portion 
of  Tasso's  "  Jerusalem  delivered." 

In  the  year  1825  he  was  again  in  North  Wales,  working  for  his 
father  some  slate- quarries,  one  of  them  situate  at  Bangor,  and  the 
other  two  between  Snowdon  and  Caernarvon.  At  the  latter  town  he 

established,  by  means  of  public  subscriptions,  a  museum,  to  which  he 
gave  many  valuable  organic  remains,  some  of  which  he  had  met  with 
when  occasionally  visiting  Ireland,  but  the  greater  part  he  had  long 
been  engaged  in  collecting  from  the  ossiferous  deposits  at  Brentford. 
Whilst  working  these  quarries,  at  which  employment  he  continued 
for  some  years,  he  resided  chiefly  in  the  Yale  of  Nantlle,  where  he 
was  occasionally  visited  by  his  Mend  the  late  Dr.  Buckland,  whom 
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he  would  at  such  times  guide  with  enthusiastic  ardour  over  the  Snow- 
donian  range,  pointing  out  to  him  from  time  to  time  the  erratic  blocks 
and  marine  shells  on  which  he  founded  his  opinion  that  they  were 
not  deposited,  as  had  been  supposed,  by  melting  icebergs  on  the 
floor  of  a  sea,  which  after  long  submergence  had  been  converted  into 
dry  land  by  movements  of  elevation,  but  that  they  were  spread  by 
marine  currents  of  extraordinary  energy  and  short  duration  over  the 
surface  of  pre-existing  land,  and  over  land  covered  with  ice.  This 
opinion,  however,  he  subsequently  modified  by  accepting  coast-ice 
as  being  probably  an  efficient  agent  in  these  circumstances. 

About  the  year  1840  he  ceased  to  reside  in  Wales,  and  was  for 
some  time  afterwards  employed  in  the  Government  Geological  Survey 
of  England.  He  then  returned  to  reside  in  his  native  county,  Kent, 
in  which  he  continued  until  the  time  of  his  decease.  The  last  few 

years  of  his  life  were  entirely  devoted  to  writing  on  agricultural  sub- 
jects in  connexion  with  geology,  more  especially  on  the  drainage 

of  lands,  in  which  he  insisted  on  the  following  points  : — 
1.  The  important  influence  exercised  by  the  superficial  deposits 

on  the  distribution  of  soils. 
2.  The  division  of  those  deposits  into  erratic  tertiaries,  or  Northern 

drift,  and  warp -drift. 
3.  The  division  of  the  erratic  tertiaries  again  into  lower  and  upper 

erratics, — the  lower  erratics  consisting  of  boulder- clay,  possessing  pe- 
culiar characters  found  in  no  other  marine  strata ;  the  upper  erratics 

composed  of  rolled  gravel  and  sand,  approaching  more  the  characters 
of  ordinary  tertiary  strata,  but  distinguished  from  them  by  certain 
marked  peculiarities. 

4.  The  distinctness  of  the  warp- drift,  a  deposit  which  generally 
forms  the  surface- soil,  and  its  subsequent  origin  to  that  of  the  erratic 
tertiaries  ;  its  presence  in  those  districts  where  the  erratic  tertiaries 
are  absent,  and  its  diffusion  over  their  denuded  surface  where  they 
are  present. 

5.  The  indented  surface  of  the  beds,  whether  of  the  erratic  ter- 
tiaries or  of  the  older  strata,  on  which  the  warp-drift  rests,  present- 

ing a  series  of  irregular  ridges  and  furrows. 
6.  The  suggestion  that  the  contradictory  statements  which  abound 

respecting  the  superior  efficacy  of  deep  or  shallow  drains,  of  drains 
at  wide  or  narrow  intervals,  of  drains  following  the  fall  of  the  ground, 
or  crossing  it,  might  perhaps,  in  many  cases,  be  reconciled  by  ob- 

serving whether  the  drains  were  parallel  or  transverse  to  these 
natural  furrows  and  ridges. 

Among  the  numerous  publications  of  Mr.  Trimmer  may  be  men- 
tioned the  following,  which  strongly  mark  the  bent  of  his  mind,  and 

the  practical  objects  he  more  especially  had  in  view : — 
1.  On  the  Diluvial  or  Northern  Drift  of  the  Eastern  and  "Western 

sides  of  the  Cambrian  Chain,  and  on  its  connexion  with  a  similar 
Deposit  on  the  Eastern  side  of  Ireland,  at  Bray,  Howth,  and  Glenis- 
maule.  2.  On  the  Origin  of  the  Soils  which  cover  the  Chalk  of  Kent. 
In  two  parts.  3.  Practical  Geology  and  Mineralogy,  with  an  Intro- 

ductory Discourse  on  the  Nature,  Tendency,  and  Advantages  of  Geo- 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  XXXV 

logical  Pursuits.  8vo,  with  two  hundred  illustrations.  4.  Practical 
Chemistry  for  Earmers  and  Landowners.  5.  Proposals  for  a  Geolo- 

gical Survey,  specially  directed  to  Agricultural  Objects.  6.  On  the 
Geology  of  Norfolk,  as  Illustrating  the  Laws  of  the  Distribution  of 
Soils.  7.  An  Attempt  to  estimate  the  Effects  of  Protecting  Duties 
on  the  Profits  of  Agriculture.  8.  Supplement  to  the  same.  9.  On 
the  Agricultural  Geology  of  England  and  Wales.  Prize  Essay.  10. 
Notes  on  the  Geology  of  the  New  Forest,  in  relation  to  its  capa- 

bilities for  the  growth  of  Oak,  and  for  cultivation.  11.  On  the  Agri- 
cultural Eelations  of  the  Western  Portion  of  the  Hampshire  Tertiary 

District,  and  on  the  Agricultural  Importance  of  the  Marls  of  the  New 
Eorest.  12.  On  the  Southern  Termination  of  the  Erratic  Tertiaries, 
and  on  the  Kemains  of  a  Bed  of  Gravel  on  the  Summit  of  Clevedon 
Down,  Somersetshire.  13.  On  the  Erratic  Tertiaries  bordering  on 
the  Penine  Chain.  In  two  parts.  14.  The  Xeythorpe  System  of 
Land  Drainage ;  its  Principles,  Efficiency,  Economy,  and  Opponents. 
15.  On  the  Geology  of  the  Keythorpe  Estate. 

He  was  in  the  midst  of  preparing  another  work  for  the  press,  to 
have  been  entitled  '  Soils,  Subsoils,  and  Substrata ;  or,  The  Geology 
of  Agriculture/  when,  whilst  walking  in  London,  he  was  seized  with 
an  illness  which  after  a  few  days  terminated  fatally,  on  the  16th  of 
September,  1857. 

The  catalogue  of  Mr.  Trimmer's  works  is  sufficient  to  show  that 
he  was  a  most  zealous,  active,  and  practically  useful  geologist.  When 
first  I  had  the  pleasure  of  becoming  acquainted  with  him,  he  was 
distinguished  as  an  enthusiastic  advocate  of  the  diluvian  theory  of 
the  drift,  considering  that  great  waves  had  been  lifted  up  and  carried 
over  the  pre-existing  dry  land,  scooping  out  channels  and  depositing 
marine  debris ;  but  this  advocacy  of  a  peculiar  theory  in  no  way  in- 

terfered with  his  examinations,  which  were  always  made  with  care, 
and  detailed  with  honesty.  In  June  1831  and  January  1832,  he  com- 

municated two  short  notices  to  our  Society,  on  diluvial  phaeno- 
mena,  as  he  then  considered  them,  noticing  the  discovery  of  marine 
shells  in  diluvial  sand  on  the  summit  of  Moel  Tryfane,  near  Caernar- 

von, 1000  feet  above  the  level  of  the  sea,  and  again,  on  a  visit  to 
Runcorn,  the  discovery  of  marine  shells  in  a  singular  deposit,  forming 
part  of  the  banks  of  the  Mersey.     It  consists  of  a  series  of  beds : — 

1st.  Yellow  sand,  with  some  pebbles,  but  no  shells,  3  to  6  feet  thick; 
2nd.  Decayed  vegetable  matter,  \  to  3  inches  thick ; 
3rd.  A  bed  14  feet  thick,  to  high-water  mark,  containing  frag- 

ments of  new  red  sandstone  and  erratic  pebbles  of  various  crystalline 
and  other  rocks,  associated  with  a  few  blocks,  of  great  weight,  up  to 
a  quarter  of  a  ton ;  and  in  this  bed  he  found  portions  of  shells  be- 

longing to  Cardium,  Turritella,  and  Buccinum,  and  he  ascribed  this 
phenomenon  to  an  irruption  of  the  sea. 

In  1838,  at  the  meeting  of  the  British  Association  at  Newcastle, 
he  pointed  out  the  occurrence  of  marine  shells  covering  the  vestiges 
of  terrestrial  phsenomena  in  Cefn  Cave  in  Denbighshire,  and  again 
alluded  to  his  former  discovery,  having  also  communicated  the  re- 

sults of  both  discoveries  to  the  Geological  Society  of  Dublin,— a  body 
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to  which  he  was  much  attached,  and  by  whom  he  was  much  respected. 
Perhaps  no  one  ever  laboured  with  more  zeal  and  with  more  ability  to 

discover  all  the  phenomena  connected  with  drift- deposits,  or  to  reduce 
them  to  a  diluvial  origin ;  but,  as  time  went  on,  he  appears  to  have 
fallen  into  the  more  general  views  entertained  on  the  subject,  and, 
though  he  probably  greatly  modified  his  original  opinions,  many  of 
his  discoveries  were  of  great  use  to  other  geologists,  and  have  been 
noticed  with  respect  by  them,  as,  for  example,  by  Mr.  Conybeare,  in  his 

Report  on  Geology.  In  1841,  he  published  his  work  entitled  *  Prac- 
tical Geology  and  Mineralogy,'  a  work  of  very  considerable  merit,  and 

especially  remarkable  for  the  sound  and  liberal  views  which  he  sets 
forth  on  that  long- disputed  subject,  the  description  of  creation  in 

Genesis.  "  The  assailants  of  revelation,"  he  observes,  "  usually  as- 
sume, and  too  many  of  its  defenders  argue  on  the  assumption,  that 

we  have  reason  to  expect  a  system  of  physical  science  in  the  sacred 
writings ;  but  the  slightest  consideration  of  the  purpose  for  which 
they  were  given  must  convince  us  that  such  a  revelation  would  have 
been  quite  at  variance  with  their  professed  object.  That  object  was 

to  make  man  acquainted  with  his  relations  to  his  Creator,  with  his- 
original  state,  his  present  condition,  his  future  hopes."  Would  that 
those  who  still  keep  up  the  argument,  whether  friends  or  enemies  of 
science,  would  adhere  to  this  view  of  the  object  of  Scripture,  and 
neither  embitter  the  minds  of  their  opponents  by  acrimonious  dis- 

putations, nor  endanger  the  cause  of  true  religion  by  injudicious 
assertions  ! 

Our  late  friend,  for  I  must  emphatically  call  him  so,  was  fre- 
quently engaged  of  late  in  discussing  the  origin  of  the  sand-pipes 

of  the  chalk ;  and  his  papers  are  so  recent  that  all  must  recollect  how 
steadily  he  maintained  their  production  by  the  wearing  action  of  the 
sea,  in  opposition  to  that  by  the  eroding  action  of  water  charged  with 
carbonic  acid.  In  this,  as  in  most  other  geological  phenomena,  every 

form  of  sand-pipe  cannot  perhaps  be  explained  by  any  one  cause ;  and 
it  would  therefore  be  unwise  to  reject  in  toto  any  reasonable  cause, 
correct  in  principle,  because  incapable  of  explaining  every  effect. 
The  wisest  plan  is  to  adopt  a  give-and-take  principle,  and  to  ascribe 
each  separate  effect  to  its  own  natural  and  efficient  cause. 

The  very  useful  manner  in  which  Mr.  Trimmer  had  latterly  applied 

his  extensive  knowledge  of  drift-formations  to  practical  draining, 
obtained  for  him  the  patronage  of  Lord  Berners  of  Keythorpe  as  a 
large  and  scientific  agriculturist,  and  must  cause  him  to  be  deeply 
regretted  by  that  important  and  valuable  class  of  society,  the  prac- 

tical farmers :  it  had,  indeed,  been  his  principal  object  through  life 
to  make  science  an  instrument  in  promoting  the  welfare  of  mankind ; 
and  his  own  predilection  for  the  theory  of  currents,  whether  passing 
over  the  surface  of  dry  land,  or  at  the  bottom  of  a  sea,  producing  a 
furrowed  surface,  led  him  to  resort  to  such  furrows  as  a  natural 
system  of  drains.  We  shall  long  remember  him  as  an  enthusiastic 

yet  unprejudiced  geologist,  and  as  a  simple-minded,  frank,  and 
honourable  man,  the  worthy  descendant  of  the  friend  of  some  of  our 
childish  days,  Mrs,  Trimmer. 
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As  a  man  of  very  high,  intellectual  acquirements,  and  as  one  who 
filled  the  office  of  Secretary  of  our  Society  in  1837,  Dr.  Royle  de- 

serves to  be  long  remembered  with  respect  and  affection  by  us  all. 
It  has  always  been  the  pride  of  our  Society  to  know  that  its  officers 
were  distinguished  for  their  high  position  amongst  men  of  science ; 
and  it  is  not  necessary  now  to  enforce  the  great  truth  that  mental 
superiority  in  any  one  branch  of  natural  science  cannot  fail  to  exer- 

cise a  beneficial  influence  on  the  cultivators  of  every  other  great 
collateral  branch.  But  though  Dr.  Royle  has  fully  merited  our 
warmest  encomiums  for  his  botanical  researches  alone,  he  deserves 
them  also  for  the  aid  he  has  given  towards  the  advancement  of  a 
knowledge  of  the  geology  of  India,  although  he  does  not  appear  to 
have  professed  himself  exclusively  a  geologist.  As  a  proof  of  this 
I  may  cite  a  memoir  on  the  geological  features  of  the  Himalaya 

Mountains,  which  forms  part  of  his  great  work  "  Illustrations,"  to  be 
hereafter  mentioned.  This  memoir  was  accompanied  by  some  ex- 

tensive sections, — namely,  one  across  the  Himalaya  Mountains; 
one  from  Saharunpore  to  the  Source  of  the  Jumna ;  one  through  the 
Great  Coal-field  of  Bengal ;  and  the  last  through  the  Central  Range 
of  India ;  so  that  this  essay  was  a  most  valuable  attempt  to  reduce 
to  order,  under  the  correcting  influence  of  his  own  personal  obser- 

vation, the  many  scattered  observations  which  had  been  previously 
made,  on  the  structure  of  the  Himalaya  Mountains  and  Bengal 

Coal-field,  but  which,  like  the  Report  of  Captain  Herbert,  having 
been  buried  in  the  official  archives  of  Bengal,  had  been  almost  for- 
gotten. 

As  might  have  been  expected,  Dr.  Royle  did  not  neglect  Fossil 

Botany,  and  he  figured  in  the  "Illustrations"  the  two  new  genera 
from  the  Coal-field  of  Bengal,  Veriebraria  and  Trizygia,  the  former 
of  which  is  still  very  obscure  in  respect  to  its  affinities.  Connected  also 
with  his  brief  memoir  of  the  Sewalik  Hills,  he  figured  some  of  the  most 
interesting  of  their  mammalian  remains ;  and  being  Secretary  of  our 
Society  whilst  the  well-known  investigations  into  the  curious  fauna  of 
that  district  were  in  progress,  which  have  since  redounded  so  much  to 

the  honour  of  Dr.  Falconer  and  Sir  Proby  Cautley,  he  was  most  enthu- 
siastic in  his  efforts  to  encourage  his  friends  in  their  labour  by  rapidly 

bringing  the  results  under  the  notice  of  men  of  science  throughout 
Europe,  thus  performing  an  office  which  Dr.  Falconer  has  himself 
so  lately  imitated  in  respect  to  Mr.  Beckles  and  the  Purbeck  Fossils. 
Dr.  Royle  also  published  figures  of  some  of  the  fossil  mammalia 

from  the  elevated  plateau  of  Thibet,  behind  the  Snowy  Mountains, — 
a  matter  so  important  in  respect  to  the  determination  of  the  geo- 

logical age  of  the  Himalaya  Chain,  that  it  deserves  the  attention  of 
every  one  who  shall  hereafter  endeavour  to  perfect  the  geological 
examination  of  this  magnificent  and  interesting  region. 

I  am  sure  the  Society  will  appreciate  my  feelings  when  I  say 
that  I  have  freely  availed  myself  of  the  materials  afforded  me  by 
Dr.  Falconer  (who  succeeded  Dr.  Royle  in  the  charge  of  the  Botanic 
Garden,  and  was  his  most  attached  friend),  not  only  in  placing  before 
you  his  geological  claims,  but  also  the  following  general  sketch  of 

vol.  xrv.  d 
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his  truly  valuable  life ;  for  who  can  be  considered  a  better  judge 
upon  such  subjects? 

John  Forbes  Iloyle,  M.D.,  F.B.S.  &  L.S.,  Officer  of  the  Legion 
of  Honour,  and  a  Vice-President  of  the  Boyal  Society,  was  the  son 
of  an  officer  in  the  Royal  army,  who  had  served  in  India.  Ho  was 
born  in  that  country  and  educated  for  the  medical  profession  in 
Edinburgh,  where  he  obtained  the  diploma  of  Surgeon.  He  received 
soon  afterwards  an  appointment  as  Assistant  Surgeon  in  the  E.I.C. 
Service,  and  in  1819  proceeded  to  Calcutta  on  the  Medical  Staff  of 
the  Bengal  Army,  being  first  attached  to  the  Artillery  at  Dum-Dum. 
For  two  or  three  years  afterwards  he  was  moved  from  station  to 
station  in  Bengal  and  the  North-Western  Provinces,  and  whilst  dis- 

charging the  medical  duties,  which  the  exigencies  of  the  service 
demanded  from  him,  he  availed  himself  of  every  opportunity  afforded 
by  frequert  change  of  locality  to  acquire  a  knowledge  of  the  natural 
productions  of  the  country  ;  among  which,  Indian  plants  engrossed 
the  first  place  in  his  attention,  and  drew  him  into  correspondence 
with  Dr.  Wallich,  the  eminent  Danish  botanist,  at  that  time  Superin- 

tendent of  the  Honourable  Company's  Botanical  Gardens  at  Calcutta. 
A  vacancy  having  occurred  in  the  charge  of  the  Botanical  Gardens 
at  Saharunpore,  Dr.  Boyle  was,  fortunately  for  science,  selected  by 
Government  as  the  best-qualified  candidate,  and  appointed  Superin- 

tendent in  1823.  No  station  in  India  is  more  happily  situated  than 
Saharunpore  for  the  cultivation  of  the  natural  sciences.  Eastward 
of  Delhi,  elevated  1000  feet  above  the  level  of  the  sea,  near  the  ex- 

treme northern  limit  of  that  part  of  the  great  plain  of  India  which 
is  included  in  the  valley  of  the  Ganges,  within  a  few  miles  of  the 
Sewalik  Hills,  and  within  easy  range  of  the  great  chain  of  the  Hima- 

layas, the  position  commands  alike  the  tropical  flora  and  fauna  of  the 
plains  of  India,  and  the  temperate  climate  of  the  Snowy  range,  and 
every  variety  between  the  two.  Dr.  Boyle  possessed  the  acquire- 

ments proceeding  from  education  and  self- culture,* — the  energy  of 
character  and  the  ardent  love  of  science,  which  at  once  impelled  and 
enabled  him  to  avail  himself  to  the  utmost  of  these  advantages. 

The  Public  Garden,  supported  by  a  native  endowment,  and  laid 
out,  after  the  simple  native  plan,  with  abundance  of  fruit-trees  and 
common  flowering  plants,  was  entirely  remodelled  by  the  new  Super- 

intendent, after  the  most  approved  plan  of  English  landscape-gar- 
dening ;  a  large  addition  was  made  to  the  number  of  species  grown, 

whether  indigenous  or  exotic ;  a  scientific  arrangement  was  adopted. 
A  conservatory  was  erected,  an  ample  stream  of  running  water  was 
introduced,  which  fell  into  an  artificial  lake;  in  short,  by  many 
refined  alterations  a  tame  oriental  garden  was  speedily  converted 
into  a  beautifully  planned  and  useful  scientific  establishment,  the 
whole  having  been  the  creation  of  Dr.  Boyle.  To  compensate  as 
much  as  possible  for  the  restriction  imposed  upon  his  time  by 
the  medical  duties  he  was  obliged  to  perform,  he  despatched  par- 

ties of  plant-collectors  in  successive  years  to  the  various  mountain- 
provinces  in  the  neighbourhood,  across  the  Snowy  Bange  over  the 
Thibctian  boundary,  and  as  far  westward  as  the  valley  of  Cash- 
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meer.  By  these  means  he  amassed  a  rich  and  valuable  herba- 
rium ;  but  his  natural  bent  was  most  strongly  exhibited  in  the  in- 

vestigation of  the  properties  of  plants  and  their  application  to  the 
wants  of  men ;  and  for  a  considerable  time  he  supplied  the  hospitals 
of  Bengal  with  indigenous  drugs,  as  substitutes  for  the  expensive 
articles  imported  from  Europe.  He  devoted  himself  with  great 
success  to  the  identification  of  the  articles  in  the  bazaars  of  the 

East  with  the  medicines  familiar  to  the  Greeks,  as  described  by 
Dioscorides  and  Theophrastus.  He  investigated  the  agricultural 

resources  of  the  plains  of  India,  with  a  view  to  the  improved  cul- 
ture and  introduction  of  various  grains  and  of  plants  yielding  fibres 

and  other  useful  products ;  and  he  endeavoured  to  direct  attention  to 
the  capabilities  of  the  valleys  and  slopes  of  the  Himalaya  for  the 
growth  of  tea,  which  has  since  been  so  successfully  carried  out. 

Dr.  Boyle's  principal  work,  "  The  Illustrations  of  the  Botany  of  the 
Himalaya  Mountains,"  is  a  storehouse  of  valuable  facts  and  infor- 

mation, bearing  on  these  and  other  allied  subjects. 
The  favourable  situation  of  Saharunpore  provided  other  tempting 

fields  of  natural  investigation,  which  his  ardent  zeal  would  not  per- 
mit him  to  neglect.  Single-handed  he  undertook  the,  for  a  tropical 

climate,  severe  task  of  taking  hourly  observations  of  the  thermometer 
and  hygrometer,  and  of  the  barometer  on  a  single  day  in  each  month 
throughout  the  year,  besides  the  regular  ordinary  observations  twice 
a  day ;  and  by  these  means  obtained  excellent  data  for  determining 
the  meteorological  conditions  of  the  climate,  and  fixing  one  of  the 
standard  stations  by  which  the  range  of  mean  temperature  over  the 
continent  of  India  has  been  ascertained.  He  made  collections  of  the 

mammalia,  birds,  reptiles,  and  insects  of  the  northern  plains  and 
mountains  of  India,  in  themselves  so  valuable  and  extensive,  that 
they  furnished  materials  for  two  important  and  distinct  memoirs  by 
eminent  British  naturalists,  upon  the  fauna  of  India,  contained  in 

"  The  Illustrations."  During  the  various  journeys  through  the 
Himalaya  mountains,  he  carefully  collected  specimens  of  all  the 
rocks  he  met  with,  marked  the  direction,  and  measured  the  inclina- 

tion of  the  strata, — ascertained  the  elevation  of  the  successive  ridges, 
and  the  depressions  of  the  intervening  valleys,  by  barometrical  mea- 

surement, and  recorded  the  whole  of  the  observations  with  such 
care,  that,  gleaning  materials  from  other  sources,  and  aided  by  Sir 
Henry  Delabeche,  he  was  enabled  to  produce  a  very  respectable 
approximative  geological  section  across  the  chain  of  the  Himalayas, 
from  the  plains  of  Hindostan  to  the  Snowy  Range,  which  was 

brought  out  in  his  *  Illustrations.'  All  these  varied  and  extensive 
researches  were  condensed  within  the  comparatively  short  period 
of  eight  years.  Gifted  by  nature  with  a  strong  frame,  and  a  healthy 
constitution  that  never  failed  him,  and  which  sickness  never  touched, 
he  toiled  from  first  to  last  as  an  earnest  and  ardent  investigator  of 
every  natural  object  which  came  before  him. 

India  has  not  always  escaped  that  political  reaction  which  hurries 
men  in  authority  from  reckless  expenditure  into  sordid  parsimony. 
It  was  thus  that  the  first  Burmese  and  other  wars  had  thrown  the 

d2 
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finances  of  India  into  such  embarrassment,  that  Lord  William  Ben- 
tinck  was  called  upon  to  push  retrenchment  to  the  utmost  possible 
limit.  So  urgent  indeed  was  the  demand  upon  him,  that  it  is  said 
he  meditated  the  abolition  of  the  Botanic  Garden  of  Saharunpore ; 
but  such  was  the  display  of  honest  sterling  work  performed,  and  of 
most  useful  results  obtained,  which  Dr.  Koyle  placed  before  the  eyes 
of  the  Governor- General,  that  Lord  William  Bentinck  was  spared 
the  reproach  of  committing  what  would  have  been  considered  an  act 

of  Vandalism,  and  this  most  valuable  institution  was  preserved, — 
a  service  for  which  his  memory  will  always  be  regarded  with  grati- 

tude by  Indian  naturalists. 
Whilst  this  peril  seemed  to  hang  over  one  of  the  most  cherished 

objects  of  his  scientific  life,  L)r.  Eoyle  meditated  a  retirement  from 
the  service,  as  he  could  not  have  borne  to  remain  in  India  after 
science  had  been  so  degraded ;  but  as  his  energy,  and,  let  it  be  added, 

the  speaking  testimony  of  his  scientific  labours,  had  averted  the  dan- 
ger, he  bore  with  resignation  those  reductions  of  pay  and  emolu- 

ments which  affected  him  in  common  with  other  medical  men,  and 
remained  in  India  till  1832,  when  he  returned  to  Europe  with  a 

large  and  valuable  natural-history  collection.  From  that  time  to 
1840  he  devoted  himself  with  characteristic  energy  to  the  investiga- 

tion of  the  materials  he  had  collected,  and  to  the  preparation  for 

publication  of  his  great  work,  the  '  Illustrations  of  the  Botany  and 
other  branches  of  the  Natural  History  of  the  Himalaya  Mountains :' 
a  work  which  is  distinguished  equally  by  the  large  amount  of  original 
information  it  contains,  and  by  the  accurate  research  and  comprehen- 

sive views  it  exhibits.  On  his  return  he  became  a  member  of  all 

the  great  chartered  scientific  societies  of  London,  and  was  named  a 

Vice-President  of  the  Boyal  Society,  and  latterly  for  several  years 
he  was  Secretary  of  the  Horticultural  Society,  for  the  welfare  of 
which  institution  he  felt  a  lively  interest.  The  well-known  ability 
with  which  he  had  investigated  the  medical  botany  of  India,  led  to 
his  appointment  to  the  chair  of  Materia  Medica  and  Therapeutics  at 

King's  College  on  its  first  foundation ;  and,  as  a  member  of  the  Royal 
Asiatic  Society,  he,  with  his  habitual  energy,  soon  introduced  to  the 
notice  of  that  learned  body  a  new  branch  of  inquiry,  in  consequence 
of  which  a  committee  was  formed  to  investigate  the  productive  re- 

sources of  India.  The  /Transactions'  of  the  Society,  which  had  been 
before  devoted  chiefly  to  essays  on  the  Languages,  History,  Mytho- 

logy, Archaeology,  and  Numismatics  of  the  East,  were  thus  enriched 
by  a  series  of  valuable  papers  on  interesting  commercial  subjects  by 
Dr.  Eoyle.  The  interest  which  was  now  awakened  in  the  manufac- 

turing districts  respecting  the  raw  products  of  India  led  to  so  many  in- 
quiries for  information,  that  the  Directors  of  the  East  India  Company 

were  induced  to  establish  a  special  department  for  the  express  purpose 
of  spreading  knowledge  upon  such  subjects  ;  and  Dr.  Eoyle,  who  had 
previously  resigned  his  post  as  surgeon  without  any  pension  or  other 
reward,  having  most  wisely  been  placed  at  its  head,  he  entered  at 
once  upon  an  enlarged  sphere  of  public  usefulness,  suited  to  his  great 

k  talents  and  vast  stock  of  acquired  information.    He  was  instrumental 
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in  leading  to  the  formation  of  a  museum  at  the  India  House,  for  the 
reception  of  the  most  important  portion  of  the  immense  collections  of 

Indian  products,  both  raw  and  manufactured,  which  had  been  im- 
ported for  exhibition  at  the  great  Expositions,  of  London  in  1851, 

and  Paris  in  1855,  by  which  the  benefit  and  instruction  to  be  derived 
from  their  examination  will  be  perpetuated.  To  perfect  this  noble 
design  Dr.  Boyle  devoted  his  utmost  energies,  and  the  very  day  before 
his  death,  though  still  labouring  under  sickness,  he  attended  at  the 
Museum  to  urge  on  the  work ;  but,  alas  !  it  was  his  last  effort,  and, 
suddenly  cut  off  on  the  next  day,  the  2nd  of  January,  1858,  in  the 
59th  year  of  his  age,  the  East  India  Company  lost  one  who,  whether 
at  home  or  abroad,  had  done  more  than  most  of  its  servants  to  pro- 

mote its  true  interests,  by  rendering  them  essentially  coincident  with 
those  of  mankind. 

Besides  the  works  so  often  alluded  to,  Dr.  Eoyle  published  many 
other  essays,  either  separately  or  in  the  Journals  of  learned  societies, 
principally  botanical  and  bearing  on  the  medical  and  commercial 
products  of  plants ;  and  it  may  well  be  said  that  he  was  eminently  a 
scientific  philanthropist.  Besides  his  general  connection  with  so 
many  of  the  most  important  Scientific  Societies  of  London,  he  was  a 
Member  of  several  Foreign  Natural  History  Societies,  amongst  which 
may  be  named  the  Academia  Csesarea  Naturae  Curiosorum ;  and  for  his 
exertions  in  rendering  the  Indian  Collection  at  the  Paris  Exhibition 

in  1855  as  perfect  as  possible,  he  was  honoured  by  a  first-class  Jury 
Medal,  and  by  the  insignia  of  an  officer  of  the  Legion  of  Honour. 

In  reflecting  on  the  last  years  of  so  distinguished  a  man,  it  must 
be  a  great  comfort  to  know  that  he  was  most  happy  in  having  mar- 

ried a  lady  of  highly  cultivated  mind,  who,  in  the  bitterness  of  her 
sorrow  at  the  loss  of  her  husband,  has  the  consolation  of  feeling  that 
she  was  the  source  of  his  greatest  happiness,  and  a  participator  in 
his  intellectual  labours.  He  has  left,  besides  his  widow,  two  sons 
and  a  daughter  to  mourn  his  loss  and  venerate  his  memory;  and 
let  me  add,  that  their  feelings  will  be  shared  by  the  numerous 
friends  to  whom  he  was  endeared  by  kindred  feelings  and  by  moral 
worth. 

Of  several  of  our  lost  members  little  information  of  any  material 
importance  can  be  obtained,  though  they  have  all  exhibited  at  some 
period  of  their  lives  a  strong  desire  to  advance  the  progress  of  science. 
Mr.  Laveeack  for  example,  while  an  undergraduate  at  Cambridge, 

placed  himself  within  the  circle  of  attraction  of  Professor  Sedgwick's 
Lectures,  and  manifested  a  taste  for  geology  by  his  close  attendance 

at  the  "Woodwardian  Museum,  then  being  put  into  order ;  but  it  is 
not  known  that  he  had  any  opportunity  in  after  life  of  undertaking 
original  investigation. 

Mr.  G.  H.  Satjndees  likewise  exhibited  an  early  taste  for  geology, 
and  is  known  to  the  Society  as  having  contributed  a  Sketch  Map 
intended  to  illustrate  the  position  of  a  bed  of  fossil  shells  exposed  to 
view  in  a  cutting  of  the  Panama  Eailway ;  the  specimens  he  had 
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forwarded  to  the  Society,  and  they  were  found  by  Mr.  Moore  to  pos- 
sess much  interest  in  regard  to  the  distribution  of  tertiary  fossils  over 

the  Central  American  area. 

Mr.  Flokesi  was  a  native  of  Sardinia,  and  ranked  in  his  own 

coimtry  amongst  the  nobility,  being  Marquis  d'Arcaes ;  but,  as  an 
Italian  refugee,  he  only  made  use  of  his  family  name.  For  some 
time  he  was  manager  of  a  portion  of  the  Mexican  mines,  which  were 
worked  under  the  direction  of  Mr.  John  Taylor ;  and  he  was  on  his 

way  to  Central  America  to  report  on  mines  in  the  Province  of  Gua- 
temala, when  he  was  attacked  with  fever  at  Panama,  and  died,  to 

the  great  regret  of  his  employers,  by  whom  he  was  considered  a  most 
amiable  and  upright  man.  His  son  has  since  taken  charge  of  some 
Mexican  mines  which  belong  to  a  different  body  of  proprietors, 

Mr.  William  Eald  was  an  eminent  Civil  Engineer  and  Surveyor. 
He  was  born  in  Burnt  Island,  Fifeshire,  and  was  educated  at  the 

parish  school  there  until  he  arrived  at  his  twelfth  year,  when  he  was 
removed  to  a  school  at  Edinburgh.  After  completing  his  ordinary 
education,  he  was  apprenticed  to  Mr.  Ainslie,  C.E.,  of  Edinburgh. 
He  commenced  his  professional  career  in  this  line  in  1803,  and  he 
had  much  experience  in  making  railways,  and  in  the  improvement 
of  rivers  and  harbours.  His  abilities,  being  fully  recognized,  led  to 

his  employment  in  Ireland,  where  he  was  directing  engineer  in  im- 
proving the  navigation  of  the  River  Boyne  and  in  forming  quays  at 

Drogheda ;  and  was  engaged  to  carry  bills  through  Parliament  for  the 
improvement  of  the  navigation  of  the  River  Suir,  and  of  the  River 

Moy,  both  in  that  country.  It  was  during  the  time  of  his  resi- 
dence in  Ireland,  that  he  was  employed  in  1811,  by  a  Royal  Commis- 

sion appointed  to  ascertain  the  situation  and  extent  of  the  great  bogs  of 
Ireland  and  the  practicability  of  draining  and  improving  them,  and  to 
survey  and  report  on  the  extensive  bogs  of  the  county  of  Mayo.  His 
reports  on  their  situation,  extent,  and  improvement  formed  part  of 

those  valuable  public  documents,  'The  Bog  Reports,'  which  were 
presented  to  Parliament,  and  printed  in  the  years  1811, 1812, 1813. 
The  very  interesting  information  which  these  Reports  contain  on 

the  peculiar  condition,  circumstances,  and  origin  of  the  large  accu- 
mulations of  bog,  which  are  so  remarkable  in  Ireland  as  to  constitute 

what  may  be  almost  considered  a  distinct  geological  formation,  has 
caused  them  to  be  consulted  by  every  one  desirous  of  studying  the 
history  of  bogs ;  and  when  the  curious  phenomena  connected  with 
them,  such  as  the  occurrence  of  two  or  three  layers  of  tree-stumps,  the 

"escars"  or  long  ridges  of  gravel,  the  beds  of  marl,  and  the  numerous 
relics  of  the  great  fossil  Deer,  theMegaceros  Hibernicus,  are  considered, 
it  cannot  be  doubted  that  the  authors  of  these  Reports  have  laid 

before  naturalists,  and  especially  geologists,  ample  materials  for  re- 
flection. This  was  not  the  only  great  Irish  work  in  which  Mr.  Bald 

was  engaged,  as  he  was  employed  about  the  year  1810,  by  the  grand 
jury  of  the  county  of  Mayo,  to  make  a  territorial  survey  of  that 
county,  which  he  afterwards  completed  in  a  most  accurate  and  satis- 
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factory  manner.  This  map  was  laid  down  and  drawn  on  a,  scale  of 

4  inches  to  a  mile ;  and  I  remember  well  my  visit  to  the  Court-house 
of  Castlebar,  some  thirty  years  ago,  to  look  at  the  map,  which  was 
then,  as  now,  suspended  in  a  large  room,  and  justly  considered  a 
topographical  work  of  the  very  highest  order.  That  the  triumph  it 
then  achieved  was  well-merited,  may  be  judged  from  the  honour- 

able testimony  which  that  able  judge,  Sir  Richard  Griffith,  Bart., 
known  to  us  all  as  one  of  our  oldest  and  most  able  members,  has 
recently  borne  to  its  excellence  in  the  following  words  addressed  to 

me  on  the  subject : — "  Though  slightly  faded,  the  mountain-ranges, 
hills,  and  other,  even  very  minor,  features  of  the  country  have  been  so 
carefully  and  faithfully  represented  by  drawing  and  shading,  as  to 
present  one  of  the  most  striking  and  effective  maps  I  have  ever  seen 

on  so  large  a  scale,  and  in  pictorial  effect  little  inferior  to  the  mag- 
nificent map  of  the  mountains  of  North  Wales,  long  since  executed 

by  Mr.  Dawson,  father  to  the  present  Colonel  Dawson,  R.E."  This 
warm  and  frank  expression  of  approbation,  bestowed  by  a  Civil 
Engineer  of  such  eminence  as  Sir  Richard  Griffith,  himself  the  author 

of  the  highly- valued  Geological  Map  of  Ireland  which  will  long  be  an 
object  of  emulation  to  the  Government  Geological  surveyors,  to  his 
former  associate  and  acquaintance,  seems  peculiarly  appropriate,  as  it 
is  not  too  much  to  say  that  the  map  of  Mr.  Bald  was  in  its  time  a 
fitting  object  of  emulation  to  the  Government  National  Surveyors, 
whether  Engineer  Officers  and  men,  or  Artillery  Officers  for  some 
time  associated  with  them,  or  Civilians  who  formed  so  large  a  por- 

tion of  their  hard-working  staff,  although  it  is  much  to  be  feared 
they  shared  more  in  the  labours  than  in  the  honours  and  advantages 
of  their  military  comrades. 

Independently  of  the  merits  of  his  map  of  Mayo,  Mr.  Bald  deserves 
to  be  remembered  with  respect  by  the  Officers  .of  the  Ordnance,  or, 
as  it  should  now  be  called,  the  National  Survey,  for  the  manly  and 
frank  manner  in  which  he  gave  his  evidence  in  their  favour,  when 
the  propriety  of  confiding  the  charge  of  the  Irish  Survey  to  the 
Ordnance  was  under  discussion  before  a  Committee  of  the  House  of 

Commons.  The  opinions  of  Civil  Engineers  and  Surveyors  were 
much  divided ;  but  Mr.  Bald  allowed  no  private  interests  to  blind 
him  to  the  advantage  of  a  uniform  system,  carried  on  with  the  regu- 

larity and  precision  which  military  discipline  enforces  and  ensures : 
but,  while  I  say  this  in  justice  to  the  liberality  of  Mr.  Bald,  let  it  not 
be  supposed  that  I  am  the  advocate  of  monopoly  or  exclusion  in  any 
department  of  the  public  service. 

When  Mr.  Bald  left  Ireland,  he  was  employed  for  a  time  as  a 
draftsman  at  the  Admiralty,  and  then,  by  the  Corporation  of  Glasgow, 
as  Engineer  for  the  improvement  of  the  navigation  of  the  Clyde  by 
the  erection  of  emban ki n g- walls  to  circumscribe  its  channel,  and  by 
dredging  to  deepen  it — reports  of  which  operations  were  drawn  up 
by  him  and  printed.  He  was  in  this  manner  the  recognized  Resident 
Engineer  to  the  Trustees  of  the  River  Clyde  from  1839  to  1845,  in 
the  summer  of  which  year  he  was  engaged  by  the  Chamber  of  Com- 

merce to  examine  the  River  Seine  in  France,  from  Havre  -de  -Grace 
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to  Ilouen.  I  have  been  unable  to  learn  anything  of  the  last  years  of 

Mr.  Bald's  life,  and  I  must  therefore  here  close  my  remarks  upon  a 
man,  whose  talents,  which  reflected  so  much  credit  uj>on  his  profession, 

were  employed  on  objects  both  useful  and  interesting-  to  geologists. 

The  very  eminent  Mineralogist  and  Crystallographer,  Henry 
James  Brooke,  was  born  at  Exeter  on  the  25th  May,  1771,  his 
relatives  being  engaged  in  the  manufacture  of  broad- cloth ;  and 
after  having  received  an  ordinary  scholastic  education,  he  studied 
for  the  Bar,  but  was  induced  from  the  favourable  prospects  which 
appeared  before  him,  to  abandon  that  profession  and  to  engage  in 

the  Spanish  wool- trade  in  London,  for  which  object  he  spent 
nearly  two  years  in  Spain  :  it  is,  however,  justly  asserted  that  the 
active  study  of  the  law  had,  like  that  of  mathematics,  the  effect 
of  framing  his  mind  to  precise  habits  of  thought  and  expression, 
the  effects  of  which  became  apparent  in  all  his  subsequent  acts 
and  observations.  In  the  year  1812,  soon  after  he  had  become 
a  resident  of  London,  he  turned  his  attention  to  the  subjects  of 
Mineralogy,  Geology,  and  Botany,  but  more  especially  to  the  two 
former  sciences,  for  which  he  had  a  peculiar  predilection.  He 
was  elected  a  Fellow  of  the  Geological  Society  in  1815,  of  the 
Linnean  in  1818,  and  of  the  Eoyal  in  1819,  on  the  Council  of  which 

Society  he  served  in  1842-44.  Though  devoting  his  leisure  hours 
to  scientific  pursuits,  Mr.  Brooke  did  not  neglect  his  ordinary  duties, 

and  assisted  the  late  Mr.  Henry  Hase,  Cashier  of  the  Bank  of  En- 
gland, in  establishing  the  London  Life  Assurance  Association ;  and, 

as  the  Spanish  wool- trade  began  to  decline,  Mr.  Brooke  sought  a  pur- 
suit more  congenial  to  his  taste  in  the  establishment  of  companies 

to  work  the  mines  of  South  America ;  but,  as  these  undertakings 
were  too  often  marred  in  their  j)rospects  of  success  by  difliculties 

abroad,  he  accepted  the  office  of  Secretary  of  the  London  Life  Asso- 

ciation, in  forming  which  he  had  assisted ;  and  after  several  years' 
service,  such  was  the  appreciation  of  the  advantages  he  had  con- 

ferred on  that  body,  that  on  his  retirement  a  liberal  annuity  was 
granted  to  him  by  the  society. 

Though  interrupted  for  some  time  in  the  pursuit  of  his  favourite 
sciences,  by  the  consequences  of  a  serious  accident  he  experienced  by 
being  knocked  down  by  a  horse  suddenly  turning  a  corner  near  his 
residence,  Mr.  Brooke  was  not  a  man  to  be  satisfied  with  idleness, 

and  for  recreation's  sake  he  formed  a  large  collection  of  shells,  which 
he  afterwards  presented  to  the  University  of  Cambridge.  Not  think- 

ing the  study  of  the  simple  envelopes  of  organic  bodies  sufficiently 
intellectual,  he  then  took  to  the  collection  of  engravings,  having 
himself  early  in  life  made  considerable  progress  as  an  amateur  artist ; 
and  some  vspecimens  of  rare  excellence  were  presented  by  him  to  the 
national  collection  in  the  British  Museum.  This  interruption  of  his 
scientific  labours  was  only  of  short  duration,  and  being  usually  blessed 
with  excellent  health,  he  continued  to  pursue  his  favourite  studies 
with  unabated  activity  until  a  short  time  before  his  death  on  the  26th 
June,  1857,  at  the  good  old  age  of  86  years. 
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Of  his  works,  the  'Familiar  Introduction  to  Crystallography'  was 
the  first  systematic  treatise  which  in  this  country  brought  that  de- 

lightful branch  of  science  into  notice :  it  was  based  on  the  system  of 

Haiiy,  and  adopted  therefore  an  unnecessarily  large  number  of  pri- 
mary forms :  but  at  the  same  time  the  relations  of  the  various  ex- 
isting plane  surfaces  of  crystals  were  traced  out  with  a  clearness 

which  was  a  great  improvement  on  preceding  systems.  In  the 

subsequent  Treatise  on  Crystallography,  published  in  the  'Ency- 
clopaedia Metropolitana,'  Mr.  Brooke  simplified  the  former  one,  and 

reduced  the  number  of  primary  forms  to  six,  which  correspond  with 
the  six  systems  adopted  by  Continental  Crystallographers.  Mr. 
Brooke  discovered  and  described  thirteen  new  mineral  species. 

Mr.  Brooke  applied  the  reflective  goniometer  to  the  determination 

of  the  crystalline  forms  of  artificial  salts,  and  in  the  *  Annals  of  Phi- 
losophy' for  1823  described  no  less  than  fifty-five  laboratory- crystals 

thus  determined.  He  was  the  author  of  the  article  "  Mineralogy"  in 
the  '  Encyclopaedia  Metropolitana,'  and  was  associated  with  Professor 
W.  H.  Miller  in  the  reproduction  of  the  well-known  treatise  of  the 
late  Mr.  Phillips.  His  last  work  was  on  the  general  relations  and 
geometrical  similarity  of  all  crystals  belonging  to  the  same  system ; 
it  formed  the  subject  of  a  paper  read  before  the  Royal  Society,  and 
was  in  the  press  at  the  time  of  his  decease.  With  a  liberality  equally 
characteristic  both  of  Mr.  Brooke  the  elder  and  the  younger,  the 
valuable  and  almost  unique  collection  made  by  the  father  during 
half  a  century,  has  been  presented  by  the  son  to  the  University 
of  Cambridge, — a  generosity  which  has  wisely  adopted  the  most 
efficient  method  of  perpetuating  the  memory  of  a  man  who  had  so 
successfully  endeavoured  to  simplify  the  study  of  that  branch  of  Mi- 

neralogy which  of  all  others  is  most  full  of  interest ;  for  assuredly 
crystallization  seems  to  afford  a  sort  of  link  between  organic  and  in- 

organic nature,  by  showing  that  not  only  in  composition,  but  also  in 
external  form,  lifeless  and  inert  matter  has  been  subjected  to  definite 
laws  by  creative  Intelligence  and  Power. 

Francis,  Earl  op  Ellesmere,  a  Knight  of  the  Garter,  Lord- 
Lieutenant  of  Lancashire,  and  during  the  year  1854-5  President 
of  our  sister  Society,  the  Geographical,  was  one  of  those  eminent 
individuals  who  in  our  day  have  shed  lustre  over  the  high  order  of 
nobility  to  which  they  belong,  by  their  literary  and  scientific  acquire- 

ments, just  as  their  ancestors,  in  olden  time,  did  by  martial  qualities. 
It  is  indeed  a  characteristic  of  the  present  age,  which  is  principally 
due  to  the  establishment  of  societies  devoted  to  special  branches  of 
scientific  inquiry,  that  men  of  the  highest  social  position  do  not  dis- 

dain to  emulate  men  of  a  lower  grade  in  the  endeavour  to  obtain  the 

first  places  in  the  ranks  of  science.  Lord  Elles'mere  was  the  second son  of  the  first  Duke  of  Sutherland,  and  of  that  gifted  lady  the 
Duchess  Coimtess  of  Sutherland.  He  was  born  in  1800,  and  died  on 
the  18th  February,  1857,  being  therefore  cut  short  in  his  distin- 

guished career  at  the  comparatively  early  age  of  57.  As  a  geogra- 
pher of  a  high  order,  Lord  Ellesmere  has  received  an  affectionate  and 
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eloquent  tribute  from  the  pen  of  our  own  Sir  Roderick  Murchison, 
the  President  of  the  Geographical  Society,  in  his  Annual  Address  to 
that  most  useful  and  prosperous  Society ;  and  I  can  do  no  better  than 
glean  from  him  what  is  necessary  to  justify  the  high  estimation  in 
which  we  have  always  held  that  estimable  Nobleman. 

For  a  large  portion  of  his  writings,  Lord  Ellesmere  adopted  the 
Quarterly  lie  view  as  the  medium  of  communication  to  the  public.  It 

appears  that  between  the  years  1834  and  1854,  he  was  the  contri- 
butor of  no  less  than  fifteen  articles,  many  of  which  were  directed 

to  geographical  research,  others  to  the  fine  arts  of  which  he  was  an 
able  connoisseur,  and  some  to  biography,  or  to  military  exploits,  as 
the  spirit  of  chivalry  was  as  alive  in  him  as  in  the  breasts  of  his 
warlike  ancestry.  His  accounts  of  the  works  of  the  Dutch  authors 
Meiglan,  Fischer,  and  Doeff,  and  especially  his  vivid  picture  of  the 
manners  and  usages  of  the  Japanese,  have  been  justly  praised  as 
having  thrown  a  charm  over  geographical  science,  and  rendered  even 
its  minute  details  attractive.  The  lively  interest  he  displayed  in  the 
romantic  expedition  of  Sir  James  Brooke,  his  analysis  of  Arctic  and 
Antarctic  researches,  and  his  account  of  the  travels  of  Castron  among 

the  Lapps  not  only  prove  the  pleasure  he  derived  from  perusing  the 
narratives  of  voyagers  and  travellers,  but  also  his  ability  in  estimating 
the  value  of  their  results.  Many  must  remember  the  stately  figure, 

and  the  courtly  yet  courteous  manners,  of  this  type  of  the  true  Eng- 
lish nobleman,  when,  opening  the  halls  of  the  palace  of  his  family  for 

the  reception  of  the  leading  men  of  science,  he  collected,  as  it  were, 

the  living  gems  of  intellect  within  a  frame-work  enriched  by  those 
of  past  ages  as  displayed  in  his  rich  collection  of  the  works  of  the 
great  masters  of  art ;  as  well  as  the  dignified  manner  in  which  he 
presided  over  the  Geographical  Society :  he  exhibited  indeed  every 
quality  which  is  calculated  to  adorn  a  nobleman  of  such  high  social 
position,  and  to  render  him  a  fitting  leader  of  his  fellow  men.  The 
versatility  of  his  talents  has  been  already  noticed;  but  it  may  be 
added  that  he  possessed  the  soul  of  a  poet ;  for  who  but  a  poet  could 
attempt  to  transfuse  the  spirit  of  a  Goethe  and  Schiller  into  the 
English  language  ?— -  and  unquestionably  the  soul  of  a  soldier,  as,  in 
addition  to  the  papers  in  the  Quarterly  Review,  he  translated  '  Clau- 
sewitz's  Campaigns  in  Russia,'  the  '  Sieges  of  Vienna  by  the  Turks,' 
and  the  '  Last  Military  Events  in  Italy.'  This  latter  aspect  of  his 
character  was  strikingly  marked  by  the  strong  attachment  and 
respect  he  always  manifested  for  the  great  Duke  of  Wellington ;  and 
his  singular  ability  for  military  science  may  be  judged  from  the 
sound  judgment  he  has  exhibited  in  his  Preface,  or,  as  it  may  be 

called,  Introduction  to  Clausewitz's  "  Campaign  of  1812," 
His  thorough  knowledge  of  the  fine  arts  is  well  known ;  and  his 

general  acquaintance  with  science,  as  well  as  his  earnest  desire  to 
apply  it  to  the  practical  amelioration  of  the  condition  of  his  fellow 
creatures,  was  publicly  manifested  by  his  address  to  the  British 
Association,  over  which  body,  at  its  meeting  in  1842,  at  Manchester, 
he  presided  as  President,  being  then  Lord  Francis  Egerton.  His 
generous  support  of  men  of  genius,  and  his  domestic  virtues,  flowed 
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from  the  highest  qualities  of  the  human  heart ;  and  I  need  do  no 
more  than  quote  the  expressive  words  of  one  of  his  intimate  friends, 

as  given  by  Sir  Roderick  Murchison : — "  His  calm  exterior  and  tran- 
quil manner  covered  a  deep-seated  enthusiasm  for  the  honour  of  his 

country,  for  the  progress  and  amelioration  of  his  species,  and  for  all 

that  is  grand  and  noble  in  sentiment  or  in  action." 

Reak-Admiral  Sir  Francis  Beaufost,  K.C.B.,  D.C.L.,  F.R.S., 
F.R.G.S.,  Corr.  Inst.  France,  was  one  of  those  remarkable  men  who 
in  these  days  have  afforded  to  the  world  a  most  powerful  illustration 
of  the  fact,  that  the  highest  cultivation  of  the  intellect  is  quite  com- 

patible with  the  nautical  knowledge  and  habits  which  enter  into  the 
composition  of  a  first-rate  seaman  and  an  able  navigator.  If  indeed 
the  example  of  Lord  Ellesmere  has  shown  how  much  the  highest  order 
of  robility  may  be  adorned  and  elevated  by  scientific  and  literary 
tastes,  we  may  also  affirm  that  much  of  the  dignity  which  has  been 
associated  with  the  names  of  Beaufort  and  of  Graves,  and  with  those 
of  Admiral  Smyth  and  Captain  Spratt,  fortunately  still  living,  and 
of  many  other  illustrious  seamen  and  navigators,  is  due  to  the  happy 
combination  in  their  characters  of  high  scientific  attainments  and  of 
great  practical  skill. 

Francis  Beaufort  was  born  in  1774,  and  was  an  Irishman  of 
French  extraction.  His  father,  the  Rev.  Daniel  Augustus  Beaufort, 
was  Vicar  of  Collon,  in  the  county  of  Louth,  and  was  directly 
descended  from  an  ancient  and  noble  French  family.  Francis  was 
the  second  son,  and  the  heir  of  some  of  the  talents  and  tastes  of  his 
father,  who  numbered  amongst  his  good  deeds  the  best  map  of 
Ireland,  previous  to  the  Ordnance  Survey,  and  an  able  Memoir  on 
Ireland ;  but  it  may  be  added  that  those  who  have  read  the  able 
essay  upon  the  Round  Towers  of  Ireland  by  one  Miss  Beaufort,  and 
the  kind-hearted  and  cheerful  books  written  for  the  benefit  of  chil- 

dren by  the  Misses  Beaufort,  who  are  so  well  known  and  so  highly 
appreciated  in  Dublin,  must  further  acknowledge  that  the  tastes 
and  virtues  of  a  whole  family  were  embodied  in  the  Admiral. 

Though  only  thirteen  when  he  went  to  sea,  Francis  had  already 
many  of  the  requisites  of  an  able  officer.  On  his  first  voyage,  which 

was  with  Captain  Lestock  Wilson,  in  the  '  Yansittart,'  East  India- 
man,  as  a  "guinea-pig" — that  is,  in  virtue  of  the  payment  of  a 
hundred  guineas, — he  was  remarkable  for  his  skill  in  observation, 
and  the  amount  of  his  nautical  knowledge;  so  that  he  afforded 
valuable  assistance  to  his  commander  in  surveying  the  Strait  of 
Gaspar,  in  the  Sea  of  Java.  His  perilous  adventures  began  thus 

early.  The  survey  was  just  completed  when  the  *  Yansittart '  struck 
upon  a  rock  off  the  Island  of  Banca  (not  very  far  from  the  spot  where 

the  '  Transit '  went  down  last  autumn),  and  through  the  hole  stove 
in  her  bottom  daylight  and  sea  poured  in  alternately.  An  effort  was 
made  to  keep  the  ship  afloat  until  the  flat  shore  of  Sumatra  could  be 
reached ;  but  even  the  hope  of  a  landing  on  Banca  was  presently 
given  up,  and  she  was  run  aground  on  an  island  seven  miles  from 
Banca.     The  crew  escaped  in  the  boats,  and,  with  the  loss  of  six 
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lives  and  one  boat,  reached  two  English  ships  after  five  days'  rowing, 
with  great  suffering,  on  the  open  sea,  close  to  the  line.  This  ad- 

venture happened  in  August  1789. 
His  name  had  already  been  for  two  years  on  the  books  of  His 

Majesty's  -  ship  'Colossus';  but  on  his  return  from  the  East  he 
joined  the  '  Latona,'  Captain  Albemarle  Bertie,  and  afterwards  the 
*  Aquilon,'  in  which  he  was  engaged  in  the  memorable  action  off 
Brest,  of  the  1st  of  June  1794,  during  which  ten  of  the  enemy's  ships 
were  dismasted  and  seven  taken,  and  after  which  Lord  Howe  brought 
into  Portsmouth  six  Erench  ships  of  the  line,  which  the  King  and 
Royal  family  came  to  inspect  at  the  end  of  the  month.  They  went 

on  board  the  '  Aquilon '  to  sail  round  the  fleet,  and  thus  young  Beau- 
fort made,  probably,  his  first  acquaintance  with  royalty.  He  was  for 

some  years  the  sole  surviving  officer  of  that  great  battle.  He  fol- 

lowed his  captain,  the  Hon.  Eobert  Stopford,  to  the  *  Phaeton,'  in 
which  ship  he  was  serving  when  Vice-Admiral  Cornwallis  made  his 
celebrated  retreat  from  the  Erench  fleet  on  the  17th  of  June  1795. 

In  this  ship,  afterwards  commanded  by  Captain  James  Nicholl  Morris, 

he  assisted  at  the  capture  and  destruction  of  many  of  the  enemy's 
ships,  and  of  nine  privateers  and  other  vessels.  It  was  in  May  1796 
that  he  obtained  his  rank  of  Lieutenant,  and  in  October  1800  that 
his  first  great  opportunity  of  distinguishing  himself  occurred.  While 
cruising  off  the  coast  of  Malaga  his  commander  observed  that  a 

Spanish  polacca,  the  *  San  Josef,'  and  a  Erench  privateer  brig,  had 
taken  refuge  under  the  fortress  of  Euengirola;  and  at  night  the 

young  lieutenant  was  sent  in  command  of  the  '  Phaeton's '  boats  to 
board  the  '  San  Josef.'  The  Erench  brig  intercepted  the  launch ;  but 
the  other  crews  did  their  work  without  its  aid.  The  resistance  they 
encountered  was  desperate ;  but  they  obtained  their  prize,  with  the 
loss  of  one  man  to  thirteen  of  the  enemy,  Beaufort,  however,  receiving 
no  less  than  nineteen  wounds.  This  made  him  a  commander,  with 

a  small  pension. 
The  two  next  years  were  spent  on  shore,  but  not  in  idleness. 

Miss  Edgeworth  tells  us  that  they  were  "  devoted,  with  unremitting 
zealous  exertion,"  to  establishing  a  line  of  telegraphs  from  Dublin 
to  Galway,  an  object  of  great  importance  as  long  as  the  west  of 
Ireland  was  perpetually  liable  to  invasion  from  continental  enemies. 
He  received  the  thanks  of  Government  for  his  efforts,  declining  any 
other  acknowledgment. 

Once  more  at  sea,  he  was  heard  of  from  the  East  first,  and  then 

the  West.  As  commander  of  the  '  Woolwich,'  44,  he  convoyed  from 
India  sixteen  Indiamen  in  1806.  In  1807  he  was  surveying  the 
River  La  Plata ;  and  he  afterwards  went  to  the  Cape  and  the  Medi- 

terranean. In  1809  he  was  hovering  about  the  enemy's  merchant- 
men on  the  coast  of  Spain  and  at  Quebec,  being  in  command  of  the 

sloop-of-war  '  Blossom.'  In  1810  he  obtained  his  post  rank,  and 
the  command  of  the  '  Eredericksteen '  frigate ;  but  before  he  joined 
he  was  employed  in  protecting  the  outward-bound  trade  to  Portugal, 
Cadiz,  and  Gibraltar,  in  accompanying  two  Spanish  line-of-battle 
ships  to  Minorca,  and  in  acting  for  some  months  as  captain  to  the 
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c  Ville  de  Paris,'  a  first-rate,  in  the  fleet  off  Toulon,  commanded  by 
Sir  Edward  Pellew. 

It  does  not  appear  to  be  on  record  in  which  year  of  his  life  it  was 

that  he  so  nearly  perished  by  drowning,  and  underwent  the  remark- 
able experience  of  the  intellectual  condition  under  such  a  crisis, 

which  he  afterwards  recorded  in  a  letter,  at  the  request  of  Dr. 

Wollaston.  He  described  himself  as  "  a  youngster,  at  Portsmouth, 
in  one  of  the  King's  ships."  He  was  not  himself  impressed  as 
others  were  by  the  remarkable  character  of  his  sensations ;  but  he 
saw  the  importance  of  every  such  record,  and  made  it  accordingly. 
Interesting  in  itself,  the  story  is  extremely  valuable  as  coming  from 
one  as  singularly  truthful  in  recording  experience  as  skilled  in 
detailing  it.  One  of  his  most  striking  accomplishments  was  the  power 
of  expressing  what  he  meant.  The  effect  of  this  power  was  seen 
wherever  he  went,  in  the  harmony  he  seemed  to  establish  by  the 
clearness  of  his  ideas,  and  the  graphic  manner  in  which  he  expressed 
them.  All  the  disputings  and  perplexities  which  accompany  the  rule 

of  men  of  confused  mind  and  speech  were  extinguished  by  Beaufort's 
mere  presence ;  and  he  at  once  made  every  one  aware  of  their  own, 
as  well  as  of  his  views  and  objects. 

This  power  of  rendering  the  most  abstruse  subject  easy  of  com- 
prehension, a  power  possessed  hj  very  few,  was  strikingly  exemplified 

in  the  letter  to  Wollaston,  published  in  Sir  John  Barrow's  Autobio- 
graphy, which  describes  that  peculiar  psychological  condition  of  the 

human  frame  at  times  when  it  hovers,  as  it  were,  between  life  and 
death,  or  is  on  the  point  of  yielding  up  the  united  existence  of  body 
and  soul,  and  assuming  that  alone  of  the  soul.  Few  have  doubtless 
experienced  this  condition  under  the  same  circumstances  as  Admiral 
Beaufort,  by  being  snatched  from  drowning  at  the  very  moment  when 
the  soul  was  about  to  assume  its  undisputed  empire ;  but  many  have 
passed  through  a  corresponding  state  at  times  when,  fever  having 
reduced  the  powers  of  the  body  to  a  minimum,  and  elevated  those  of 
the  soul  to  an  unnatural  and  unbalanced  sway,  sleep  is  dispelled 
from  the  weary  eyelids  of  the  body,  and  the  phantoms  of  past  words, 
thoughts,  and  acts  come  rushing  unbidden,  and  too  often  unwelcome, 

upon  the  mind's  eye.  At  such  moments  the  past  is  reflected  upon 
with  pain  or  with  pleasure,  in  proportion  to  its  relation  to  evil  or  to 
good,  and  doubtless  in  reference  to  its  bearing  upon  the  future ;  and 
hence  the  natural  reflection  of  Admiral  Beaufort, — 

"  May  not  all  this  be  some  indication  of  the  almost  infinite  power 
of  memory  with  which  we  may  awaken  in  another  world,  and  thus 
be  compelled  to  contemplate  our  past  lives?  or  might  it  not  in 
some  degree  warrant  the  inference  that  death  is  only  a  change  or 
modification  of  our  existence,  in  which  there  is  no  real  pause  or 
interruption?  But,  however  that  may  be,  one  circumstance  was 

highly  remarkable — that  the  innumerable  ideas  which  flashed  into  my 
mind  were  all  retrospective.  Yet  I  had  been  religiously  brought  up, 
my  hopes  and  fears  of  the  next  world  had  lost  nothing  of  their  early 
strength,  and  at  any  other  period  intense  interest  and  awful  anxiety 
would  have  been  excited  by  the  mere  probability  that  I  was  floating 
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on  the  threshold  of  eternity  ;  yet  at  that  inexplicable  moment,  when 
I  had  a  full  conviction  that  I  had  already  crossed  that  threshold,  not 
a  single  thought  wandered  into  the  future,  I  was  wrapt  entirely  in 
the  past."  In  several  passages  of  the  deeply  interesting  statement of  Admiral  Beaufort  will  be  observed  an  idea  which  was  afterwards 
powerfully  elaborated  by  Mr.  Babbage  in  the  Ninth  Bridgewater Treatise. 

When  he  took  the  command  of  the  *  Fredericksteen,'  in  1811,  he 
was  on  the  road  to  fame  as  an  author.  Sir.  J".  Barrow  tells  us  that 
Beaufort  was  selected  out  of  the  whole  Mediterranean  fleet  to  survey 
an  unknown  portion  of  the  coast  of  Syria.  The  result  of  this  errand 
was,  not  only  a  capital  survey,  but  a  historical  review  of  the  country, 
as  illustrated  by  its  remains  of  antiquity.  Beaufort's  'Karamania' 
was,  as  a  book  of  travels,  sound,  substantial,  and  learned  (thanks 
to  the  good  classical  education  his  father  had  given  him),  and  full  of 
interest  at  once  for  the  man  of  science  and  the  scholar.  It  was  this 
book,  with  its  discoveries  and  verifications  of  ancient  sites,  which 
had  prepared  the  way  for  the  researches  of  Fellows,  Spratt,  and 
Forbes,  and  more  recently  of  Charles  Newton,  in  Asia  Minor,  the 
result  of  which  has  been  that  the  Halicarnassian  Marbles  have 
become  part  of  the  treasures  of  the  British  Museum. 

After  much  hazardous  service  against  the  pirates  in  the  Greek 
waters,  Captain  Beaufort  weni:  to  work  on  the  survey  of  Syria,  in 
the  course  of  which  he  underwent  extreme  danger.  In  June  1812, 
his  party  were  surrounded  by  armed  Turks  led  by  a  crazy  dervish, 
and  he  was  wounded  in  the  hip-joint  so  seriously  that  the  wonder 
was  that  he  ever  walked  again.  It  was  a  severe  struggle  for  life 
itself;  and  when  his  ship  was  paid  off,  in  the  next  October,  he  was 
still  undergoing  much  pain  from  the  exfoliation  of  the  bone.  He 
solaced  his  enforced  leisure  by  work,  preparing  for  the  Admiralty 
such  a  set  of  charts  of  the  coasts  of  Asia  Minor,  the  Archipelago, 
the  Black  Sea,  and  Africa,  as  had  never  before  been  seen  at  the 
Admiralty.  They  were  so  drawn,  finished,  and  arranged  as  to  be  fit 
for  transference  to  the  copper  without  any  aid  from  the  hydrographer 
or  his  assistants.  Such  is  the  testimony  of  Sir  John  Barrow,  who 
recommended  him  to  Lord  Melville  for  the  post  of  Hydrographer. 

This  was  in  1829.  In  1823  Captain  Hurd  had  died,  and  Captain 
Parry  was  requested  by  Lord  Melville  to  fill  the  post  temporarily, 
which  he  did  twice,  if  not  three  times.  After  the  resignation  of  the 
Duke  of  Clarence  as  Lord  High  Admiral,  Lord  Melville  again  became 

First  Lord,  and  one  of  his  objects  was  to  fill  the  office  of  Hydro- 
grapher with  the  best  man  that  could  be  found,  who  should  hold  it 

permanently.  There  were  many  applicants  ;  but  by  1829  two  names 
only  remained  for  choice — and  one  of  them  was  not  an  applicant, 
Captain  Peter  Heywood.  Lord  Melville  therefore  requested  Sir 
John  Barrow  and  Mr.  Croker  to  advise  him.  Sir  John  Barrow  had, 
as  we  have  seen,  selected  Beaufort  out  of  the  whole  Mediterranean 
fleet  for  the  survey  in  Asia  Minor ;  and  that  survey  having  been  so 
ably  completed,  he  naturally  named  for  the  office  of  Hydrographer 
the  accomplished  officer  who  had  so  much  distinguished  himself, 
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For  twenty- six  years  Beaufort  was  at  the  Admiralty  as  Hydro- 
grapher ;  and  very  early  in  that  period  he  had  made  his  offi.ee  the 

model  on  which  Copenhagen  and  St.  Petersburg  constructed  theirs. 
Everywhere  hydrography  took  a  new  form  and  existence,  through 
the  life  which  he  put  into  his  work.  There  is  not  a  geographical 
discoverer,  nor  a  zealous  professional  student  in  any  naval  service  in 
the  civilized  world,  who  does  not  feel  under  direct  obligation  to  Beau- 

fort for  his  scientific  assistance  given  through  his  works,  or  more 
special  encouragement  by  his  personal  aid  and  counsel :  those,  indeed, 
who  remember  the  enthusiasm  with  which  Commander  Wilkes,  of 
the  United  States  Exploring  Expedition,  used  to  speak  of  the  friendly 

assistance  afforded  by  Captain  Beaufort,  in  preparing  for  that  im- 
portant enterprise,  cannot  doubt  of  the  appreciation  in  which  he 

was  held  by  his  professional  brethren  of  all  nations. 
It  has  been  no  small  benefit  to  the  world  that  the  most  accom- 

plished hydrographer  of  his  own  or  any  time  was  at  our  Admiralty 
for  six-and-twenty  years,  always  ready  to  avail  himself  of  any  chance 
of  increasing  general  knowledge,  and  ever  genial  and  generous  in 

assisting  every  man  of  any  nation  who  devoted  himself  to  geographi- 
cal discovery  or  the  verification  of  glimpses  already  obtained.  His 

name  is  attached  to  several  stations  in  newly-discovered  lands  and 
seas ;  for  instance,  it  will  be  uttered  in  all  future  times  by  voyagers 

passing  up  either  the  eastern  or  western  shores  of  the  American  con- 
tinent to  the  Polar  Sea ;  but  even  when  not  expressed,  it  is  invisibly 

connected  with  almost  every  other  modern  enterprise  of  geographical 
discovery ;  for  he  gave  a  helping  hand  to  every  scientific  adventurer 

who  applied  to  him,  and  no  one  thought  of  instituting  scientific  ad- 
venture without  applying  to  him. 

"When  he  entered  the  Admiralty,  nearly  thirty  years  ago,  he  found 
his  own  department  a  mere  map -office.  His  friends  well  remember 
what  a  place  it  was — small,  cheerless,  out  of  the  way,  altogether 
unfit  and  inadequate.  The  fact  is,  nobody  but  the  elite  of  the  naval 

profession  had  any  conception  of  the  importance  of  the  office — of  the 
true  functions  of  the  hydrographer.  Maritime  surveying  on  an  ex- 

tended scale  was  only  beginning.  We  were  not  yet  in  possession 
of  the  full  results  of  the  labours  of  Flinders,  Smyth,  King,  and 

Owen ;  and  Sir  Edward  Parry's  view  of  his  office  was,  that  it  made 
him  the  Director  of  a  Chart  Depot  for  the  Admiralty,  and  the  sup- 

porter, rather  than  the  guide  or  originator,  of  maritime  surveys. 
Becoming  conscious  that  the  times  were  requiring  something  more 
than  he  could  give,  he  wisely  resigned.  The  manner  in  which  Caj)- 
tain  Beaufort  was  appointed,  without  solicitation  on  his  own  part, 
and  simply  because  the  best  judges  considered  him  the  fittest  man, 
encouraged  him  to  lay  large  plans,  and  to  indulge  high  hopes.  He 
began  a  great  series  of  works,  in  which  he  intended  to  comprise, 
gradually  and  systematically,  all  the  maritime  surveys  of  the  world, 
— our  own  coasts,  still  shamefully  obscure)  being  destined  for  a 
thorough  exploration  in  the  first  place.  He  designed  and  began 
what  Lieutenant  Maury  has  since  achieved.  His  instructions  to 

surveying  officers  show  how  extensive  were  his  purposes  as  to  deep- 
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sea  soundings  so  long  ago  as  1831 ;  and  the  object  was  never  lost 

sight  of,  though  he  was  baffled  in  the  pursuit  of  it.  "Whatever  de- pended on  his  own  energy  was  done,  throughout  his  whole  term  of 
office  ;  but  he  had  to  endure  the  affliction,  often  experienced  by  highly 
qualified  servants  of  the  Government,  of  not  being  able  to  excite  a 
sympathy  in  his  views  amongst  those  in  power,  or  amongst  those 

who,  keeping  watch  over  the  public  purse,  sometimes  arrest  the  pro- 
gress of  what  would  conduce  to  the  public  interest.  It  is  indeed  no 

small  mortification  to  compare  our  Hydrographies*!  Establishment 
with  that  at  Paris,  where  the  Depot  de  la  Marine  might  be  taken  for 
the  office  of  the  greatest  maritime  power  in  Europe ;  or  with  those 
at  St.  Petersburg,  Copenhagen,  and  Washington;  but  the  annual 
amount  of  shipwrecks,  and  the  number  of  lives  lost  through  want  of 
that  knowledge  which  Beaufort  would  have  established  a  quarter  of  a 
century  ago,  gave  rise  to  a  severer  grief,  which  weighed  heavily  on  his 
heart,  and  was  probably  the  most  painful  experience  of  his  life.  The 
universal  spread  of  education,  and  the  more  scientific  tone  which  it 
has  assumed,  will,  it  is  hoped,  rectify  this  evil,  by  satisfying  the 
Members  of  Government,  as  well  as  our  Legislators,  that  expenditure 
on  such  objects  can  never  be  money  thrown  away ;  and  we  trust 
therefore  that  the  able  successor  of  Beaufort,  Captain  Washington, 
to  whom  I  am  indebted  for  most  of  the  materials  of  this  memoir,  will 
be  secured  from  the  anxieties  and  mortifications  which  his  predecessor 
experienced. 

Captain  Beaufort  was  so  restricted  in  his  office  that  he  had  no 
subordinate  who  could  be  a  comrade  in  his  labours  ;  and  all  that  he 
had  at  heart  was  done  by  his  own  hand.  Disappointed  in  some  of 
his  hopes,  and  pinched  in  his  official  expenditure,  he  applied  the  full 
forces  of  his  strong  will  to  make  the  best  of  the  hard  circumstances 
of  the  case.  His  industry,  of  constitutional  origin,  and  sustained  by 
principle,  appeared  something  miraculous  under  this  stress.  Day  by 
day  for  a  quarter  of  a  century  he  might  be  seen  entering  the  Admi- 

ralty as  the  clock  struck ;  and  for  eight  hours  he  worked  in  a  way 
which  few  men  even  understand :  for  many  years  he  rose  at  five,  and 
worked  for  three  hours  before  his  official  day  began.  The  anecdote 
of  his  connexion  with  the  maps  of  the  Society  for  the  Diffusion  of 
Useful  Knowledge  has  recently  gone  the  round  of  the  newspapers ; 
and  all  the  world  knows  that,  in  order  to  get  these  maps  sold  at 

sixpence  instead  of  a  shilling,  he  offered  to  superintend  their  pre- 
paration. As  if  he  had  not  enough  to  do  in  his  own  function,  he 

gave  the  world  that  set  of  maps,  so  valuable  that  no  ship  in  the 
United  States  navy  is  allowed  to  sail  without  them ;  and  it  is  his 
doing,  that  they  are  in  a  thousand  houses  which  they  would  never 
have  entered  but  for  their  cheapness. 

This  is  one  of  his  innumerable  charities.  There  was  no  sort  of 

charity  in  which  he  was  not  just  as  liberal  and  as  wise.  There  was 
no  pedantry  in  his  industry,  any  more  than  in  his  knowledge.  He 
never  seemed  in  a  hurry.  While  too  seriously  engaged  for  gossip,  he 
had  minutes  or  hours  to  bestow  where  they  could  really  do  good ;  he 

had  conscientious  thought  to  spare  for  other  people's  affairs,  and 
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modest  sympathy  in  their  interests,  and  intrepid  advice  when  it  was 
asked,  and  honest  rebuke  when  it  was  deserved  and  might  he  effec- 

tual. His  unobtrusiveness  was  perhaps  the  most  striking  quality 
of  his  manner,  to  observers  who  knew  what  was  in  him.  His  piety, 
reverent  and  heartfelt,  was  silent,  as  he  preferred  that  that  of  others 
should  be.  His  domestic  affections  were  unconcealable ;  but  spoken 
sentiment  was  quite  out  of  his  way.  His  happy  marriage  (with  the 
daughter  of  his  first  commander,  Captain  Lestock  Wilson)  ended  in 
a  mingling  of  pain  and  privilege  which  touched  the  hearts  of  all  wit- 

nesses. Never  was  so  much  understood  with  so  little  said.  She  died 

of  a  lingering  and  most  painful  disease,  making  light  of  it  to  others 
as  long  as  possible,  though  the  full  truth  was  known  to  both ;  she 
kept  her  young  children  about  her,  with  their  mirth  wholly  unchecked, 
to  the  latest  possible  day ;  and  the  few  who  looked  in  on  that  sacred 
scene  saw  that  it  was  indeed  true  that,  as  she  said,  she  had  never 
been  happier  than  during  that  painful  decline.  As  for  him,  there 
was  not  the  slightest  remission  of  public  duty,  while  his  domestic 
vigilance  so  powerfully  assisted  in  smoothing  her  passage  to  the 
grave.  Now  that  both  are  gone,  it  is  right  to  present  this  feature  in 
the  character  of  the  man  so  long  before  known  as  hero  and  as  savant. 
He  came  out  from  the  long  trial  so  much  changed  that  it  seemed 

doubtful  whether  he  would  ever  regain  his  health  and  buoyant  cheer- 
fulness. He  lived,  however,  to  see  his  children  fulfilling,  each  his 

own  career  of  labour  and  honour :  one  son  in  the  church,  another 

as  Legal  Remembrancer  (Attorney- General)  in  Calcutta,  and  a  third 
as  a  judge  in  Bengal.  By  his  second  marriage,  with  a  sister  of 
Maria  Edgeworth,  he  secured  a  friend  to  himself  and  his  daughters 
for  many  of  the  latter  years  of  his  life. 
Among  his  public  labours  were  those  of  the  successive  offices  of 

Commissioner  of  Pilotage,  entered  upon  in  1835,  and  of  Member  of 
the  Royal  Commission  to  examine  into  the  state  of  the  Tidal  Har- 

bours in  the  United  Kingdom,  in  1845.  In  1846  he  became  Rear- 
Admiral  on  the  retired  list  rather  than  surrender  his  office ;  but  he 

never  liked  his  "  yellow  flag,"  and  the  mortification  of  his  retirement 
was  but  slightly  solaced  by  the  honour  of  the  Knighthood  of  the 

Bath,  conferred  in  1848.  The  sudden  expansion  of  railway-projects 
so  increased  his  work  that  his  health  began  to  fail,  but  not  till  he 
had  reached  an  age  at  which  few  men  think  of  work  at  all.  Early 
in  1855  he  was  obliged  to  retire  and  go  home  to  a  sick  bed  to  suffer 
with  fortitude  the  pangs  of  a  painful  and  incurable  disease.  He 
was  the  same  man  to  the  last, — active  and  clear  in  mind,  benevolent 
and  affectionate  at  heart,  and  benign  in  manners.  His  activity 
never  interfered  with  his  profound  quietude  and  peace ;  and  his 
quietude  and  peace  deepened,  as  his  mind  brightened,  to  the  last. 

He  was  short  in  stature ;  but  none  of  those  who  were  personally 

acquainted  with  him  will  forget  his  countenance,  which  could  no- 
where pass  without  notice.  Its  astute  intelligence,  shining  honesty, 

and  genial  kindliness  revealed  the  man  so  truly  that,  though  he  never 
lauded  himself,  few  were  so  correctly  estimated,  and  so  highly  valued. 
He  was  attended  in  his  last  hours  by  his  adoring  children,  and  died 

vol.  xiv.  e 
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in  the  midst  of  them  on  the  17th  of  December,  1857.  Whilst  de- 
ploring his  loss,  society  should  be  thankful  that  such  a  man  was 

spared  so  long  for  the  benefit  of  mankind.  Although  most  of  the 
preceding  record  is  but  the  echo  of  the  tribute  already  paid  to  this 
great  man  by  one  of  his  most  distinguished  friends,  I  have  thought 
it  due  to  the  members  of  this  Society  to  preserve  it  that  they  all 
may  be  able  to  dwell  on  the  character  and  merits  of  one  who  has  shed 
so  much  lustre  on  this  and  other  scientific  societies.  May  the  officers 
both  of  army  and  navy  be  encouraged  to  imitate  so  bright  an  example, 
and  not  be.  deterred  from  doing  so  by  the  senseless  dread  of  becoming 
too  learned ! 

Thomas  Best  Jervis,  Lieut. -Colonel  E.I.C.  Engineers,  F.R.S., 
F.  Geol.  S.,  F.  Ast.  S.,  F.L.S.,  F.A.S.,  F.  Geog.  S.,  M.I.C.  Eng.,  Cor. 
M.N.H.S.  Boston,  Soc.  Ethnogr.  Paris,  &c.  &c,  was  the  second  son  of 
John  Jervis,  Esq.,  civil  servant  of  the  E.I.C,  who,  having  for  some 
time  held  a  high  post  at  Madras,  was  transferred  to  Jaffnapatani,  on 
the  north  of  the  island  of  Ceylon,  where  Thomas  Best  Jervis  was  born, 

August  2,  1796.  Lieut. -Col.  Jervis  throughout  life  valued  himself 
less  upon  his  ancestry,  although  his  family  is  most  ancient  and  respect- 

able, than  on  the  fact  that  several  of  his  relatives  had  been  eminent  for 
their  patriotism,  learning,  and  integrity.  The  head  of  the  family,  James 
Jervys,Esq.,  possessed  the  property  of  Chatkyll,  in  Staffordshire,  in  the 
fifteenth  century ;  and  Colonel  Jervis  would  recount  with  satisfaction 
the  fact  of  King  Charles  having  been  protected  and  hidden  after  his 
retreat  to  the  oak,  by  Miss  Lane,  one  of  the  staunch  royalist  mem- 

bers of  the  family.  In  later  times  the  celebrated  divine,  Bishop 
Hooker,  and  the  Earl  of  St.  Vincent  (Sir  J.  Jervis),  have  nobly  main- 

tained the  honour  of  the  family.  On  his  mother's  side  Colonel  Jervis 
was  descended  from  a  Polish  family  of  the  name  of  Bitzo,  who  had 
been  for  generations  in  the  royal  household  of  the  Georges,  whom 

they  accompanied  from  Hanover.  Baron  Grimm's  family  still  reside 
in  Prussia,  where  the  present  Dr.  Grimm  is  physician  to  the  king  of 
Prussia,  and  one  of  the  principal  medical  officers  of  that  country. 

George,  Thomas,  and  John,  the  three  sons  of  Mr.  John  Jervis,  were 
sent  home  to  England  at  a  very  tender  age,  in  accordance  with  the 
necessity  imposed  by  the  tropical  climate,  for  their  education,  and 
were  consigned  to  the  care  of  their  uncle  Chief- Justice  Thomas  Jervis, 
of  the  Chester  circuit.  Thomas  was  first  transferred  to  a  maiden  aunt, 
Miss  Jervis,  at  Lichfield,  an  excellent  Christian  person,  from  whose 

watchful  care  he  acquired  that  deeply-rooted  principle  which  was 
always  one  of  his  most  marked  characteristics.  The  first  school  he 
went  to  was  kept  by  a  Dame ;  and,  being  there  taught  along  with  little 

girls,  he  Avas  thoroughly  grounded  in  English  grammar,  and  other  sub- 

jects too  often  neglected  or  omitted  at  boys'  schools.  From*  hence  he 
probably  derived  an  habitual  gentleness  of  disposition,  so  that  he  had 
an  uncommon  tenderness  of  feeling,  even  towards  the  brute  creation, 
never  liking  to  inflict  pain  even  on  an  insect.  From  Lichfield  he  was 
placed  at  a  school  at  Hugely  (Staffordshire),  and  subsequently  sent  up  to 
town  to  Judge  Jervis,  whose  wife,  having  children  of  her  own,  always 
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treated  the  three  "  India  hoys"  with  comparatively  little  ceremony. 
Thomas  was  sent  to  Mr.  Delafosse's  excellent  classical  school  at  Bich- 
mond,  and,  having  to  trust  entirely  to  his  own  exertions  for  getting 
on  in  life,  early  showed  an  eager  thirst  for  knowledge ;  so  that,  instead 
of  wasting  his  youth  in  play,  he  studied  with  the  greatest  attention, 
and  was  soon  one  of  the  most  proficient  in  the  school  for  his  clas- 

sical knowledge,  taking  great  delight  in  Greek  and  Latin  poetry.  He 
now  became  very  desirous  of  acquiring  a  knowledge  of  other  subjects 
then  so  much  neglected  at  classical  schools,  as  is  still  too  frequently 
the  case  in  great  seminaries  :  he  procured  some  books  on  elementary 
mathematics,  and   studied  them  diligently,  making  himself  by  his 
zeal  a  favourite  with  the  principal.     During  the  holidays,  which  he 
spent  with  his  uncle,  he  still  pursued  his  studies  by  himself,  and 

spent  his  allowance   of  pocket-money  in   procuring   little  French 
books,  a  pencil,  or  something  similar,  exhibiting  an  energy  in  the 
pursuit  of  knowledge  uncommon  in  a  lad  of  his  age,  though  shared  in  a 
measure  by  his  two  elder  brothers.    He  now  persuaded  his  cousins  to 
teach  him  a  little  French  and  drawing,  and  he  always  remembered 
with  gratitude  the  simple  lessons  of  one  of  them  who  thus  assisted 
him.    Hence  he  was  sent  to  Addiscombe  College  to  study  for  the  East 

India  Company's  service,  in  which  for  several  generations  his  family 
and  relatives  had  passed  the  best  years  of  their  life.     He  had  here  a 
better  opportunity  of  studying  the  languages,  French,  Hindustani,  &c, 
and  under  the  able  professors  of  that  establishment  he  mastered  the 
elements  of  mathematics,  becoming,  as  he  advanced  in  knowledge, 
enraptured  with  the  subject,  which  he  followed  up  to  the  day  of  his 
death  with  unwearied  delight.     After  having  remained  the  requisite 
time,  he  passed  a  most  honourable  examination  for  the  Engineers, 
being  one  of  the  foremost  of  the  cadets  of  the  year  (and  there  was  no 
lack  of  talent  among  the  candidates  for  the  Engineer  service) ;  and  he 

was  sent  lo  "Worcestershire,  under  Colonel  Mudge,  B.A.,  to  work  on the  Ordnance  Survey  of  England :  the  part  he  surveyed  was  the  town 
and  neighbourhood  of  Bromsgrove,  since  engraved  on  the  1-inch  scale. 
.    He  now  embarked  in  the  fleet  which  was  despatched  to  convoy 
the  merchantmen  sailing  for  Bombay,  and  he  arrived  at  that  port 
in  May  1814.     Immediately  after  his  arrival  he  entered  on  the 
responsible  duties  of  his  profession,  and  had  the  control  of  large  sums 
of  money,  .£28,000  having  been  spent  by  him  in  erecting  civil  and 
military  buildings ;   and  at  one  time  he  had  five  thousand  natives 

under  his  orders,  whom  he  had  to  instruct  in  bricklayers'  and  masons' 
work.     To  make  up  for  the  scarcity  of  limestone,  he  examined  the 
beach,  and,  finding  that  there  was  a  considerable  bed  of  recent  shells 
in  the  neighbourhood,  he  persuaded  old  women  and  children  and 
infirm  villagers,  by  liberal  offers,  to  collect  them  in  baskets ;  and  so 
great  was  the  quantity  obtained,  that  the  kilns  were  filled  and  the 

building  rapidly  erected.    He  was  appointed  interpreter  to  Major- 
General  Keir,  in  Guzerat,  in  December  1817  ;  temporary  Assistant 
to  the  Superintending  Engineer  at  the  Presidency  in  February  1819 ; 
and  Executive  Engineer,  Southern  Concan,  in  September  1819. 

In  1820  he  requested  to  be  appointed  to  survey  the  Southern: 

e2 
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Concan.  The  Chief  Engineer  considered  "  the  offer  creditable  to  the 
activity  of  the  officer;"  and  Lieut. -Colonel  Kennedy  recommended 
that  he  should  be  permitted  to  commence  on  the  proposed  under- 

taking, as  being  in  all  respects  highly  qualified  for  executing  such  a 
work ;  arid  the  Governor  in  Council  authorized  his  being  employed 
in  making  the  survey  whenever  he  could  be  spared  from  his  other 
duties  as  Executive  Engineer.  He  was  thanked  by  letter  on  the 
5th  December  1820,  by  Mr.  Pelly,  the  Collector  and  Magistrate  in 
the  Southern  Concan,  for  the  admirable  internal  organization  of  his 
department,  and  was  then  placed  at  the  disposal  of  the  Commander-in- 
Chief,  to  be  employed  on  an  expedition  against  the  pirates  in  Arabia. 

His  Eeport  on  Weights  and  Measures  was  noticed  as  "highly 
creditable  to  his  talents  and  philosophical  researches,"  and  obtained 
a  special  acknowledgment  from  the  Government,  dated  July  1822, 
which  expressed  their  approbation  of  the  ability  and  research  it 
displayed. 

In  1824  Lieut. -Colonel  Sutherland,  Deputy  Surveyor- General, 
bore  testimony  to  the  value  of  Lieut.  Jervis's  services  as  a  Trigono- 

metrical Surveyor,  and  in  the  same  year  the  Government  expressed 

its  approbation  of  the  "  zeal  and  diligence  he  had  displayed  in  the 
preparation  of  certain  Revenue  and  Statistical  papers ;"  and  in  June 
1826,  noticed  in  terms  of  approbation  his  "able  and  intelligent 
Eeport  on  the  State  of  Education  in  the  Concan." 

In  1829  the  Commander-in-Chief  (Sir  Thomas  Bradford)  sub- 
mitted to  Government,  Captain  Jervis's  application  to  be  appointed 

Deputy  Surveyor- General  of  India,  on  the  death  of  the  Surveyor- 
General,  with  his  Excellency's  warmest  and  most  unqualified  re- 

commendation that  it  should  be  complied  with.  "  Captain  Jervis," 
his  Excellency  adds,  "was  employed  under  the  late  General  Mudge, 
from  whom  he  has  the  highest  testimonials,  in  the  grand#  Trigono- 

metrical Survey  of  England  in  1812.  His  Excellency  conceives  him 
to  be  the  most  qualified  person  that  could  possibly  be  selected  for 

the  situation  to  which  he  aspires." 
He  was  appointed  Inspecting  Engineer  of  the  Surat  division  in  De- 

cember 1829  ;  Superintending  Engineer  at  the  Presidency  in  1830 ; 
in  the  same  year  Acting  Inspecting  Engineer  in  Guzerat ;  afterwards 
Executive  Engineer  in  Ahmednuggur,  and  Acting  Executive  En- 

gineer in  Belgaum,  in  March  1831. 
The  Government  expressed  their  satisfaction  at  the  zeal  and  energy 

he  had  displayed  in  prosecuting  his  researches,  and  for  information 
he  had  afforded  respecting  slate-quarries  discovered  in  the  Southern 
Mahratta  country.  In  1833  the  church  built  by  him  at  Belgaum 
was  stated  to  reflect  great  credit  i  on  his  taste ;  and  the  following 
extract  from  a  letter  addressed  to  Captain  Jervis,  dated  8th  August, 

1831,  will  show  the  high  estimation  he  had  then  acquired : — "  The 
Governor  in  Council,  highly  appreciating  the  value  of  your  labours, 
and  desirous  of  securing  to  the  Government  and  the  public  all  the 
benefits  that  can  be  derived  from  them,  accepts  your  offer  to  prepare 
a  copy  of  your  Statistical .  Memoir  of  the  Concan  in  a  complete  state 

and  form  for  publication." 
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In  February  1835  the  Government  reported  that  Captain  Jervis 

had  completed  his  statistical  reports  and  memoir  on  the  revenue-sys- 
tem of  the  Concan,  and  had  furnished  a  volume  of  beautifully  executed 

maps  and  plans,  "  which  reflect  great  credit  on  him."  In  1835  also 
the  acknowledgments  of  Government  were  conveyed  to  him  for  his 

"  curious  and  interesting  volume  on  Weights  and  Measures ;"  and  the 
Governor  in  Council  stated  that  he  considered  Captain  Jervis  deserved 
great  credit  for  having  devoted  his  spare  time  and  distinguished  talents 
to  the  illustration  of  so  difficult  a  question. 

He  was  appointed  Superintending  Engineer  at  the  Presidency  in 
May  1835 ;  and  member  of  a  committee  to  take  into  consideration 
the  best  plan  for  the  construction  of  a  causeway  between  Bombay 
and  Colaba  in  October  1835  ;  and  the  Government  subscribed  for  fifty 
copies  of  his  Statistical  and  Descriptive  Memoir  of  the  Western  Coast 
of  India. 

On  his  quitting  India  on  furlough  to  Europe  in  1836,  Government 

expressed  "  the  high  sense  which  they  entertained  of  his  character, 
professional  skill,  and  talents.  Eefore  his  departure  he  drew  up  a 
code  of  instructions,  at  the  request  of  Sir  Thomas  Bradford,  the 

Commander-in-Chief,  in  three  languages, — English,  Hindustani,  and 
Mahratta.  In  1837  the  Court  of  Directors  awarded  him  a  donation 

of  10,000  rupees  as  a  testimony  of  the  high  sense  which  the  Court 
entertained  of  the  value  of  his  labours  in  conducting  the  geographical 
and  statistical  surveys  in  the  Concan.  In  1838  the  Court  expressed 

their  approbation  of  "  the  zeal  evinced  by  him  for  the  advancement 
of  the  objects  of  the  Survey  of  India  by  making  himself  fully  ac- 

quainted with  the  details  of  the  system  which  is  pursued  upon  the 

Irish  Survey ; "  and  about  the  same  time  he  was  appointed  to  super- 
intend a  series  of  tide-observations  to  be  made  upon  a  uniform  prin- 

ciple at  various  points  of  the  coast  of  India.  He  returned  to  his 
duty  in  October  1839,  and  was  appointed  Superintending  Engineer, 
Northern  Provinces,  in  March  and  May  1840. 

On  his  retirement  from  the  service  in  December  1841,  the  Governor 

in  Council  stated  that  "  he  will  have  much  satisfaction  in  bringing  to 
the  notice  of  the  Court  of  Directors  the  services  of  Major  Jervis  in 
the  several  branches  of  his  particular  profession,  and  also  as  an 

officer  eminent  for  his  general  science  and  research ;"  and  the  testi- 
mony borne  to  his  services  by  the  Bombay  Government  was  creditable 

to  him  and  most  satisfactory  to  the  Court  of  Directors. 
In  1830  Captain  Jervis  married  Miss  A.  S.  Paget,  daughter  of 

William  Paget,  Esq.,  M.D.,  48th  Eegiment ;  and  this  lady,  having 
been  the  intimate  friend  and  coadjutor  of  Mrs.  Ibbetson  the  botanist, 
was  an  able  assistant  to  Captain  Jervis  in  his  description  of  the  in- 

digenous flora  of  the  Concan,  as  she  made  water-colour  drawings  of 
almost  all  the  flowering  plants  and  trees  of  the  Province :  the  work 
he  then  projected  has  not  however  been  published. 

"Whilst  in  London,  Major  Jervis  drew  up  a  statement  of  the 
scientific  researches  which  he  deemed  to  be  desirable  in  Shedda ;  and 

this  comprehensive  report  was  considered  so  valuable  and  so  im- 
portant, that  a  memorial  was  addressed  to  the  East  India  Company 
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on  the  14th  of  July  1838,  signed  by  His  Royal  Highness  the  Duke 
of  Sussex,  as  President  of  the  Royal  Society,  and  many  of  the  most 
illustrious  members  of  that  and  other  Societies,  urging  that  the 
Government  in  India  might  be  directed  to  forward  in  every  possible 
way  his  views ;  and  no  one  expressed  himself  with  more  characteristic 
and  generous  warmth  in  his  favour  than  Sir  Roderick  Murchison. 
About  this  time  Major  Jervis  had  been  appointed  Surveyor- General 
of  India  in  succession  to  the  present  Colonel  Everest ;  but,  finding 
after  his  return  to  India  that  that  officer  had  no  intention  to  retire 

so  soon,  he  gave  up  his  hopes  of  being  ever  able  to  carry  out  his 
favourite  project,  and  retired,  as  has  been  stated,  from  the  service, 
in  January  1842. 

"Whilst  in  India  his  discovery,  and  application  to  useful  purposes, of  lithographic  stone,  and  his  examination  and  description  of  the 
slate- quarries  he  had  first  discovered  in  the  Western  Ghats,  and  his 
report  to  Lord  Clare  and  the  Governor-General  of  India  on  the 

geological  structure  of  that  portion  of  "Western  India  which  lies  be- tween the  15th  and  19th  degrees  of  north  latitude,  were  all  important 
scientific  services ;  and  on  his  return  home  the  activity  of  his  mind 
did  not  relax,  and  he  spent  his  time  in  educating  his  own  family, 
seeking  to  find  some  congenial  employment  that  might  keep  his 
faculties  in  fall  exercise. 

In  1843  he  began  to  set  up  with  his  private  funds  a  lithographic 
press,  for  the  purpose  of  promoting  the  education  of  the  natives  of 
India,  whom  he  loved  to  his  dying  hour,  and  wished  to  see  enlight- 

ened. The  productions  of  his  press  were  all  of  a  useful  character ; 
and  the  first  thing  he  did  was  to  prepare  forms  for  the  E.I.C.  for  the 
collection  of  revenues,  the  management  of  the  marine  engines  of 
the  navy,  and  a  variety  of  other  forms,  which  he  furnished,  by  the 
highly  scientific  processes  he  adopted,  at  a  very  moderate  charge. 
Among  the  various  papers  which  Major  Jervis  proposed  to  the 
Indian  Government  is  one  which  is  of  great  importance,  as  it  urged 
the  adoption  of  properly  lithographed  post-office-orders  in  India. 
In  writing  to  Lord  Hardinge,  March  24,  1845,  Major  Jervis  says : 
"  A  Government  post-office-order  and  letter  of  advice,  in  the  opinion 
of  General  Morrison,  formerly  in  the  Supreme  Council,  several  of 
the  most  eminent  judicial  authorities  lately  in  India,  and  many  of 
the  members  of  the  Court  of  Directors,  would  go  further  to  suppress 
murders,  crimes,  and  misrule  consequent  on  the  transmission  of 

money  by  private  hands  than  any  other  thing." 
The  few  maps  and  papers  printed  by  Major  Jervis  at  his  private 

press  were  equal  to  the  best  of  the  day,  according  to  the  testi- 
mony of  many  able  geographers ;  and  Mr.  Greenough  thus  writes, 

"  Your  map  of  the  Duskrooe  Purgunnah  is  admirable  both  in  design 
and  execution :  would  that  the  whole  of  India  were  laid  down  on 

your  model!"  (December  6,  1844);  Sir  G.  Rennie  says,  "I  could 
not  have  conceived  the  perfection  to  which  the  lithographic  art  had 
arrived  till  I  saw  these  specimens,  although  we  have  have  had  much 
experience  in  our  dealings  with  the  trade  for  railway  and  other 

maps"  (January  21,  1845);  while  with  regard  to  the   maps   of 
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India  in  the  vernacular  languages,  which  Major  Jervis  was  desirous 

of  making  for  the  missionary- schools,  had  funds  permitted,  Mr. 
Davis,  the  best  Chinese  scholar  of  all  Europe,  speaking  of  the  Plan 
of  Pekin,  was  pleased  to  say  that  it  was  the  finest  specimen  of  Chinese 
writing  he  had  ever  seen,  and  he  would  compare  it  with  the  native 
Chinese.  Nor  was  the  encouragement  of  native  female  education  a 
trifling  object  aimed  at  by  Major  Jervis,  who  felt  how  important  the 
example  of  mothers  must  be  in  after  life  to  the  rising  generation. 

At  the  commencement  of  the  Eussian  war,  Colonel  Jervis  examined 
the  materials  forthcoming  to  enable  the  allies  to  gain  a  knowledge 
of  that  country,  and  early  fixed  upon  the  magnificent  map  of  the 
Crimea  which  had  been  prepared  by  General  Mukhin  and  the  Russian 
staff.  He  obtained  permission  to  trace  it  himself  at  a  Continental 
library,  and,  having  completed  it  and  translated  the  names  into 
English,  brought  it  to  England  to  lay  it  before  the  Duke  of  New- 

castle, along  with  other  rare  documents  not  to  be  procured  in  Eng- 
land. After  urging  the  subject  long  and  frequently,  and  impressing 

upon  the  Government  the  absolute  necessity  of  having  geographical 
information  for  the  troops,  his  Grace  permitted  him  to  furnish  two 
or  three  copies  of  each  of  these  documents,  officially,  to  commence 

with.  In  ten  clays — less  time  than  he  could  have  sent  to  Vienna  for 
another  copy  of  the  Austrian  map  of  Turkey — he  produced,  entire  in 
twenty-one  sheets,  two  hundred  copies  at  the  service  of  the  Govern- 

ment !  The  map  of  the  Crimea  was  also  ready  before  the  army  left 
Varna ;  and  by  it  Lord  Raglan  mentions  that  he  made  his  flank 

movement  by  MacKenzie's  farm.  Soon  after,  the  Government  sent 
copies  of  these  maps  to  the  general-officers ;  and  in  alluding  to  this 
subject,  Colonel  Jervis  wrote  thus  to  the  Duke  of  Newcastle  : — (1854.) 

"  I  believe  it  is  not  generally  known  that  the  present  is  the  first  war 
in  which  the  British  forces  have  been  supplied  with  the  most  needful 
help  to  success,  correct  and  suitable  land-maps.  To  your  Grace  and 

Lord  Raglan's  acceptance  of  my  services  is  ascribable,  as  well  as  to 
the  exertions  of  the  Hydrographer  at  the  Admiralty,  Admiral  Sir  E, 
Beaufort,  and  his  coadjutor  Capt.  Washington,  R.N.,  that  the  army  has 
been  furnished  with  the  earliest  and  best  information  of  the  distant 

countries  in  which  they  are  now  engaged.  This  service  as  regards 
the  army  has  been  honourably  recognized  by  the  principal  Staff- 
Officers,  the  Commander-in-Chief,  and  many  distinguished  personages 
in  France^  and  England  ;  nor  least  by  her  most  gracious  Majesty  the 
Queen,  the  Emperor  of  the  French,  and  the  Ministers  of  War  and 

Marine."  In  an  unknown  country,  on  a  conflict  so  momentous,  geo- 
graphical information  must  be  inestimably  valuable. 

Much  of  this  important  service  was  carried  out  at  his  own  cost  and 

by  his  own  and  his  son's  labour ;  and  he  pressed  upon  the  Government 
in  very  emphatic  terms  the  advantage  which  would  be  derived  from  the 
establishment  of  an  office  in  connexion  with  the  army,  similar  to 
that  of  the  Hydrographical  Office  connected  with  the  navy. 

After  some  months,  Colonel  Jervis  procured  from  the  Erench  Go- 
vernment 1476  maps  of  the  choicest  kind,  and  offered  these  as  a 

nucleus  for  the  new  office.    Soon  after,  he  was  appointed,  March  1855, 
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to  be  the  Director  of  the  Topographical  and  Statistical  Depot  of  the 

War  Department,  with  one  assistant  to  attend  to  the  details  of  work- 
ing, &c,  and,  to  act  as  his  deputy  in  his  absence,  his  son,  Mr.  W.  P. 

Jervis,  all  other  assistants  being  merely  hired  by  the  week.  This 
was  almost  the  last  work  of  the  Duke  of  Newcastle,  and  will  doubt- 

less be  remembered  as  one  of  the  greatest  improvements  in  the  orga- 
nization of  our  army,  for  the  first  step  taken  by  Colonel  Jervis  was  to 

impress  the  Minister  with  the  importance  of  attaching  to  his  office 
a  set  of  intelligent  officers  who  should  form  a  topographical  corps,  and 
accompany  the  troops  in  the  Crimea,  Asia  Minor,  and  indeed  in  every 
campaign.  The  first  corps  sent  out  under  Colonel  Jervis,  and  equipped 
with  instruments,  &c,  went  to  Erzerum,  where  they  surveyed  the 
whole  sources  of  the  Euphrates  on  a  large  scale,  and  the  plain  and 
town  of  Erzerum,  sketching  in  the  hills,  &c. :  this  survey  was 

afterwards  employed  in  connexion  with  the  frontier- survey  from 
Ararat  to  the  coast.  Lord  Panmure  did  not  sanction  a  topographical 
corps  for  the  troops  at  Sevastopol,  though  the  Engineers  of  the 
Turkish  Contingent  were  regularly  supplied  with  instruments  and 
materials  from  the  Topographical  Depot,  and  sent  home  some  valuable 
maps.  It  may  however  be  observed  that  the  propriety  of  attaching 
a  scientific  corps  to  the  Crimean  army  had  been  submitted  to  Lord 
Eaglan  by  a  different  person,  and  that  the  project  would  have  been 
carried  out  had  not  insurmountable  difficulties  appeared  in  the  way. 
Lieut. -Colonel  Jervis  had  the  merit  of  originating  the  important 
establishment  of  a  Topographical  Office  in  the  War  Department,  and 
he  did  much  with  limited  means ;  we  must  not  however  condemn 

the  higher  authorities  for  not  at  once  raising  such  an  establish- 
ment to  its  utmost  elevation,  as  no  men  in  power  can  neglect  the 

necessary  economy  of  public  money.  It  cannot  be  doubted  that 
the  Topographical  Office  will  go  on  improving  in  excellence  and 
importance,  and  that  the  remembrance  of  its  first  head  will  be  long 

associated  with  it.  The  works  of  Lieut. -Colonel  Jervis  on  geo- 
graphical and  other  scientific  subjects  were  very  numerous;  and 

I  may  mention  especially,  as  proofs  of  his  labour  or  ingenuity,  his 
model  of  Sevastopol,  which  is  in  the  War  Department  (it  is  14  feet 
by  10,  on  a  scale  of  ten  inches  to  a  mile,  with  true  altitudes,  and  was 
coloured  skilfully  by  the  kindness  of  Mrs.  Colonel  Jervis),  and  a  new 

system  of  projection  for  maps,  called  by  him  "  cycloidal,"  and  which 
has  been  employed  in  his  official  maps  of  the  Caucasus  (two  sheets) 
and  the  S.W.  of  Asia,  Circassia,  the  Caspian,  &c. ;  of  these,  nine  sheets 
are  more  or  less  completely  engraved  and  issued. 

Lieut. -Colonel  Jervis  is  now  gone  ;  but  we  may  fairly  say  that  the 
East  India  Company  has  seldom  possessed  an  officer  of  more  energy 
and  ability,  that  his  services  at  home  were  very  valuable,  and  that 
in  every  respect  he  was  a  most  kind  and  estimable  man,  fulfilling  all 
his  duties,  as  a  loyal  subject,  a  faithful  husband,  and  an  affectionate 
father,  in  the  most  exemplary  manner. 

Geoege  Weaee  Beackeneidge,  F.S.A.,  was  born  on  the  4th  of 

January,  1775,  in  Hanover  County,  Virginia,  at  that  time  still  sub- 
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jeet  to  the  British  crown.  He  was  the  eldest  son  of  George  Brack- 
enridge  of  Winash,  Brislington,  who  was  a  Scotchman  by  descent, 
though  born  at  Bristol,  where  his  family  had  recently  settled,  and 
of  Sarah,  youngest  daughter  of  Erancis  Jerdone,  Esq.,  of  Louisa 
County,  Virginia,  and  formerly  of  Jedburgh,  N.B.  The  father  of 
Mr.  Brackenridge  had  settled  in  America  as  a  planter  and  merchant ; 
but,  entertaining  conscientious  scruples  on  the  principles  and  pro- 

priety of  the  American  revolution,  he  returned  to  England,  and 
placed  his  son  at  the  school  of  Dr.  Estlrn,  at  Bristol,  where  he  was 
initiated  in  the  mysteries  of  commercial  pursuits,  and  became  ulti- 

mately the  senior  partner  in  a  leading  and  long-established  West 
India  firm.  As  a  man  of  business  he  was  characterized  by  high 
principles  of  honour  and  integrity,  and  by  habits  of  accuracy  and 
punctuality.  He  exhibited  at  an  early  age  a  taste  for  science  and 
literature,  and  in  spite  of  the  demands  of  commerce  upon  his  time, 

gendered  more  absorbing  by  the  distractions  of  the  revolutionary  war, 
he  found  leisure  for  inquiries  into  mediaeval  antiquity  and  more  than 
one  branch  of  natural  history.  He  formed  a  good  collection  of  the 
Coleoptera ;  and  his  cabinet  of  organic  remains,  which  in  the  early 
days  of  geological  science  was  of  much  repute,  is  still  of  value  for  its 
specimens  of  fossils  connected  with  the  strata  of  the  West  of  England. 
He  was  very  accurate  in  his  examination  of  fossils,  and  brought  under 
the  notice  of  Mr.  Sowerby  a  specimen  of  Ammonite,  remarkable  for 
the  striking  and  peculiar  form  of  the  lip,  which  was  found  at 
Hundry,  near  Bristol.  Before  arriving  at  his  fiftieth  year,  Mr.  Brack- 

enridge abandoned  his  commercial  pursuits,  and  purchased  the  resi- 
dence of  Brislington.  He  had  before,  like  many  of  our  leading  men 

of  science,  found  it  possible  to  exercise  the  faculties  of  his  mind 
during  many  a  leisure  moment  on  objects  of  more  stirring  interest 
than  the  dry  details  of  business ;  but  he  now  gave  himself  up  to  the 
full  gratification  of  his  refined  tastes,  collecting  much  more  largely 
than  he  had  done  before,  fitting  up  his  library  in  the  Tudor  style, 
and  enriching  it  with  richly- cut  furniture,  and  with  fine  specimens 
of  stained  glass.  As  an  antiquary,  he  devoted  much  attention  to  the 
investigation  of  the  architectural  features  of  Bristol,  that  picturesque 
old  city,  where  he  had  passed  so  much  of  his  early  life,  and  to  the 
preservation  of  many  of  its  ancient  relics. 

He  assisted  most  liberally  in  procuring  the  best  illustrations  for 

'  Collinson's  History  of  Somersetshire,'  which  work  must  therefore  be 
looked  upon  as  bearing  testimony  to  his  love  of  topographical  research. 

Having  for  the  last  twenty  years  of  his  life  spent  the  summer  and 
autumn  at  Clevedon  on  the  Bristol  Channel,  he  liberally  promoted 
the  building  of  a  new  church  on  Clevedon  Hill,  contributing  the 

greater  portion  of  the  building-fund,  and  adding  a  permanent  endow- 
ment: his  son  was  appointed  its  first  minister  in  1839,  when  the 

church  was  consecrated.  Though,  from  his  retired  and  domestic 
habits,  he  was  not  generally  known  in  his  neighbourhood,  he  was 
valued  by  those  who  did  know  him  for  the  kindliness  of  his  dispo- 

sition, his  great  powers  of  conversation,  and  the  many  sterling 
qualities  of  his  character.  He  married,  Nov.  11,  1800,  Mary,  young- 

est daughter  of  Eobert  Burt,  Esq.,  of  Bristol,  and  of  Tracy  Park, 
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near  Bath,  who  died  March  20,  1855.  He  was  not  long  left  behind 
her,  as  he  died  February  11,  1856,  at  his  house  at  Brislington,  near 
Bristol,  aged  81. 

Charles  William  Wentworth  Fitzwilliam,  fifth  Earl  Fitzwil- 
liam,  K.G.,  was  best  known  to  the  world  as  an  enlightened  liberal 
politician,  but  his  claim  on  our  respect  is  founded  upon  his  desire  to 
promote  the  intellectual  advancement  of  his  fellow  men,  as  manifested 
by  the  fact  that  since  the  year  1833  he  filled  the  office  of  President 
of  the  Yorkshire  Philosophical  Society.  He  has  been  succeeded  by 

the  Earl  of  Carlisle,  but  the  services  of  twenty- eight  years'  presi- 
dency are  not  likely  to  be  forgotten  by  the  members  of  the  Yorkshire 

Philosophical  Society. 

As  a  soldier  myself,  I  cannot  pass  by  the  name  of  Colonel  "W.  G. 
Eliot  in  silence,  though  I  have  been  unable  to  obtain  any  specific 
notice  of  his  life.  The  officers  of  our  military  and  of  our  naval  pro- 

fession should  be  encouraged  to  enter  upon  a  study  which  is  so  ca- 
pable of  being  made  valuable  in  practice ;  and  the  very  fact  of  joining 

our  Society  proves  that  regard  for  science  which  it  is  our  object  to 
inculcate  and  to  cherish. 

I  have  now  to  notice  the  distinguished  foreign  members  whom  it 
has  been  our  misfortune  to  lose  during  the  past  year,  and  I  shall 
begin  with  M.  Andre  Hubert  Dumont,  who  was  so  well  known  to 
many  of  our  leading  members,  and  whose  career,  though  short,  was 
productive  of  great  results.  He  was  born  in  1809 :  and  such  was 
his  earnest  pursuit  of  his  favourite  science,  that  at  the  age  of  twenty 

(in  1829),  he  produced  his  first  geological  essay  on  the  "  Geological 
Constitution  of  the  Province  of  Liege,"  and  addressed  it  to  the 
Royal  Academy  of  Belgium,  by  which  body  it  was  crowned  with 
honour.  Ten  years  afterwards  the  merits  of  this  work  obtained  for 
M.  Dumont  the  award  of  the  Wollaston  Medal  from  our  Society.  In 
1834  (April  5)  he  was  chosen  a  corresponding  member  of  the  Bel- 

gian Academy,  and  in  1836  (Dec.  15)  he  was  admitted  a  regular 
member.  About  the  same  time,  at  the  recommendation  of  the  Dean 
of  the  Academy,  and  of  the  late  M.  Cauchy,  also  a  member  of  the 
Academy,  M.  Dumont  was  named,  by  the  Government,  Professor  of 
Mineralogy  and  Geology  to  the  University  of  Liege,  and  was  requested 
to  undertake  the  difficult  and  important  task  of  drawing  up  a  geolo- 

gical map  of  Belgium ;  and  it  is  much  to  be  feared  that,  honourable 
as  that  work  must  be  considered  to  his  native  country  and  to  him- 

self, the  labour  and  anxiety  connected  with  its  preparation  were 
fatal  to  his  health. 

In  1852  his  Memoir  on  the  Rhenish  and  Ardennes  Formations,  in- 
cluding the  Ardennes,  Brabant,  Condroz  and  the  Rhine,  shared  with 

De  Koninck  and  Yan  Beneden  the  first  great  quinquennial  prize  in  the 
natural  sciences  decreed  by  a  jury  selected  from  the  Academy.  In 
January  1855  the  Academy  selected  him  as  its  director  for  the  year 
1856,  and  he  had  only  completed  his  year  of  office  two  months  when 
he  was  snatched  away  by  death ;  and  it  may  be  considered  a  touching 
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incident,  that  the  only  survivor  of  those  members  who  assisted  at  the 

foundation  of  the  Academy,  M.  D'Omalius  d'Halloy,  came  to  Belgium 
to  bid  adieu  to  Dumont,  whose  early  progress  he  had  encouraged, 
whom  he  loved  as  a  son,  and  by  whom  he  was  revered  as  a  parent. 

For  twenty  years  his  life  was  devoted  to  the  preparation  of  the  geo- 
logical map,  during  which  time  he  shrank  from  no  labour  either  of 

body  or  mind,  exploring  every  spot  in  Belgium,  and  not  allowing  a 
single  geological  fact  of  importance  to  escape  his  attention,  so  that 
his  inquiries  extended  from  the  primary  to  the  tertiary  formations 
inclusive.  The  merit  of  the  map  cannot  be  disputed,  even  though 
doubts  may  be  entertained  as  to  the  nomenclature  made  use  .of ;  and 

we  may  adopt  the  following  words  of  one  of  his  eulogists  without  re- 
serve :  "  Though  he  was,  perhaps  from  a  natural  disdain  for  ordinary 

means  of  success,  too  careless  about  popularizing  his  ideas  beyond  the 
class  he  taught,  his  maps  will  retain  their  value,  even  though  it  may 
be  necessary  to  change  his  nomenclature  ;  and  they  are  so  manifestly 
stamped  with  the  character  of  exactness  and  reality,  that  it  may  be 
expected  that  the  divisions  which  he  has  adopted  will  be  hereafter 
taken  as  general  types  of  formations :  indeed  they  have  already  been 
adopted  in  Germany  for  many  formations,  so  that  they  have  already 

obtained  a  place  in  geological  science."  The  failure  of  his  health 
forced  M.  Dumont  to  travel ;  and  he  discovered  on  the  shores  of  the 

Bosphorus,  and  on  the  mountains  of  Spain,  formations  equivalent  to 
those  he  had  recognized  on  the  plains  of  the  Ardennes  and  of  Con- 
droz ;  and  it  was  then  that  he  conceived  the  idea  of  forming  a  geo- 

logical map  of  Europe,  a  map  which  has  appeared,  and  must  be  looked 
upon  as  one  of  the  first  serious  attempts  to  establish  on  a  large  scale 
the  geological  correlation  of  the  various  countries  of  Europe. 
.  Like  our  late  friend  Mr.  D.  Sharpe,  to  whom  he  was  well  known,  he 
was  snatched  away  in  the  very  prime  of  life,  and  at  a  moment  when 

still  greater  advances  in  geological  science  might  have  been  reason- 
ably expected  from  him.  The  University  and  the  Government  of  his 

country  had  however  done  much  in  that  brief  time  to  testify  their 
estimation  of  him.  Many  of  his  academical  honours  have  been  al- 

ready noticed ;  but  it  may  be  mentioned  that  he  was  a  Commander 
of  the  Order  of  Leopold,  a  Knight  of  the  Order  of  Conception  of  Yilla- 
Yicosa  of  Portugal,  and  of  the  Polar  Star  of  Sweden,  whilst  he  was 
a  member  and  one  of  the  founders  of  the  Eoyal  Society  of  Sciences 
of  Liege,  Member  of  the  Society  of  Sciences,  Arts  and  Belles  Lettres 
of  Hainault,  Honorary  Member  of  the  Central  Society  of  Agriculture 
of  Belgium,  of  the  Association  of  Engineers,  formed  on  the  model  of 
the  School  of  Mines,  and  of  the  Society  of  Emulation,  Member  of  the 
Academies  of  Naples  and  Turin,  formerly  President  of  the  Geological 
Society  of  France,  Member  of  the  Imperial  Society  of  St.  Petersburg, 
of  the  Society  of  Naturalists  of  Moscow,  Corresponding  Member  of  the 
Society  of  Physical,  Chemical,  and  Agricultural  Sciences  of  France,  and 
since  1841  a  Foreign  Member  of  our  Society,  the  loss  of  whom  will  be 
deeply  regretted  by  many  of  our  members,  and  by  none  more  than 
Mr.  Austen  and  Mr.  Prestwich,  both  of  whom  were  intimately  ac- 

quainted with  him  personally  and  knew  well  his  worth. 
The  preceding  observations  are  sufficient  to  prove  how. fully M» 
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Dumont  had  earned  the  high  character  for  unwearied  zeal  and  energy 
in  geological  research,  ascribed  to  him  not  merely  by  his  own  country- 

men, but  by  the  geologists  of  all  Europe  :  some  further  remarks  on 
his  writings  are,  however,  necessary  to  give  a  clear  idea  of  his  great 
and  varied  talents,  as  well  as  of  that  independence  of  mind  which 
led  him  perhaps  sometimes  to  an  excessive  dread  of  being  shackled 
by  systems.  The  Memoir  on  the  Geological  Constitution  of  the  Pro- 

vince of  Liege  was  his  first  great  work,  and  gained  the  prize  offered 
by  the  Academy  of  Brussels  for  the  essay  which  should  best  fulfil  the 

following  conditions  :  "  describe  the  Geology  of  the  Province  of  Liege  ; 
point  out  the  mineral  species  and  accidental  fossils  which  are  there 
found,  the  localities  where  they  occur,  and  the  synonyms  of  all  sub- 

stances already  known  and  which  have  been  before  described." 
There  were  two  other  competitors  for  this  prize ;  and  the  epigraphs 
attached  to  the  papers  of  Dumont  and  of  his  next  ablest  opponent, 
who  gained  a  silver  medal,  are  as  follows :  that  of  the  second  com- 

petitor was  a  passage  from  Baillet  to  this  effect, — "  few  systems  and 
many  facts,  ought  to  be  the  motto  of  a  Naturalist,"  a  sentiment 
which  well  defines  the  views  of  Dumont  himself,  whilst  his  own 

epigraph,  "  the  relative  age  of  the  primordial  rocks  cannot  be  deter- 
mined with  certainty  from  their  inclination,"  may  be  taken  as  the 

expression  of  the  results  of  his  labours. 

M.  Dumont  adopts  the  nomenclature  of  D'Omalius  d'Halloy  for 
"Terrains"  or  Formations,  and  that  of  Alexandre  Brongniart  for 
Bocks.  The  primordial  formations  of  the  province  of  Liege  he  de- 

scribes as  occurring  in  basins,  the  stratification  as  conformable,  and 
the  rocks  as  divisible  into  three  groups,  which,  in  conformity  with 

the  views  of  D'Omalius,  he  designates  the  Schist-  or  Slate-group, 
the  Anthracitiferous  group,  and  the  Coal-group ;  the  coal-group  rest- 

ing on  the  anthracitiferous  group,  and  that  upon  the  slate-group. 
Describing  his  rocks  from  below  upwards,  he  enumerates  in  the 

slate-group :  1.  Diallage-slate,  consisting  of  a  paste  of  talc  with 
lamellar  diallage  disseminated ;  2.  Red  Slate,  consisting  also  of  a  tal- 
cose  base,  with  red  grains  of  (?)  peroxide  of  iron  ;  this  and  the  preceding 

belong  to  the  "  Steaschiste  "  of  Brongniart;  3.  Common  Clay-slate ; 
4.  Quartz-  and  talc-slate ;  5.  Granular  Quartz  ;  6.  Talcose  Conglome- 

rate and  Puddingstone ;  7.  Freestone  or  Diorite  of  Brongniart. 
These  rocks  might  be  considered  as  forming  parts  of  one  great 

whole,  the  varieties  being  consequent  on  the  accidental  presence  of 
certain  mineral  elements  in  different  parts  of  the  series  at  the  time 
when  crystallization  was  induced  in  the  mass  by  metamorphic  action ; 
but  M.  Dumont  divides  them  into  two  systems :  the  Inferior  com- 

prising the  Diallage-slate,  the  Granular  Eed  Slate,  the  Talcose  Pud- 
dingstone, and  a  little  Clay- slate ;  whilst  the  upper  system  principally 

consists  of  common  Clay- slate  and  of  Granular  Quartz,  including  in 
some  parts  Talco-quartz-slate  and  Greenstone :  but  this  arrange- 

ment, if  invariable,  would  be  quite  consistent  with  the  theory  of  a 
simultaneous  metamorphic  change  through  the  whole  mass. 

The  several  rocks  which  have  been  named  as  constituting  the  Slate- 
formation  are  not  irregularly  distributed,  but  are  arranged  in  definite 
order.    The  whole  formation  in  the  province  of  Liege  is  divided  into 
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three  distinct  portions  by  the  Anthraeitiferous  formation :  on  the 
South-east  it  occupies  the  whole  region  of  the  Ardennes,  and  is  there 
covered  only  by  its  own  debris,  except  in  one  locality,  where  a  small 

band  of  the  "  Penean"  (the  Permian  of  our  nomenclature)  comes  to  the 
surface ;  at  the  North-east  it  is  almost  entirely  covered  by  second- 

ary strata,  whilst  in  the  centre  of  the  great  Anthracite-basin  it 
occurs  in  discontinuous  bands  parallel  to  the  lateral  edges,  which 

have  thus  been  lifted  up  like  islands  in  the  centre  of  the  great  de- 
pression. Had  this  elevation  been  carried  sufficiently  far,  the  An- 

thraeitiferous formation  would  have  been  divided  into  two  parts ; 

but  it  has  stopped  short  of  a  complete  separation,  the  lower  quartz- 
slate  of  the  Anthraeitiferous  formation  covering  it  in  many  places, 

though  the  limestone  immediately  above  the  quartz-slate  is  completely 
divided  into  two  principal  basins  by  the  quartz-slate.  In  the  Ar- 

dennes alone  is  the  lower  system  of  the  Slate -formation  found,  and 
it  there  forms  a  single  band,  whilst  the  upper  system  occurs  as  two 
bands,  one  to  the  north  and  the  other  to  the  south  of  the  lower 
system.  It  is  unnecessary  here  to  follow  JUL.  Dumont  in  his  very 
careful  and  able  examination  of  the  mineral  character  and  products 
of  these  rocks  ;  but  it  may  be  said  that  the  symmetrical  arrangement 
of  the  rocks  forming  the  lower  system,  in  the  following  order  from 

below  upwards — Diallage-slate,  Bed  Slate,  Common  Slate,  Talcose 
Puddingstone — on  each  side  of  an  anticlinal  axis,  proves  that  the 
lower  system  here  forms  a  saddle-shaped  elevation,  just  as  the  upper 
system  appears  to  do  in  the  centre  of  the  basin,  with  this  difference, 
however,  that  it  is  not  covered,  as  the  upper  system  partially  is,  by 
the  next  series  in  regular  order  of  superposition.  Passing  over  the 
local  descriptions  of  the  Slate-formations,  the  Anthraeitiferous  form- 

ation is  next  in  order,  and  is  divided  by  M.  Dumont  into  four  sys- 
tems, namely  :  1st,  Slate,  Sandstone,  and  Conglomerate,  called  the 

Lower  Quartz-slate ;  2nd,  Limestone  and  Dolomite,  called  the  Lower 
Limestone ;  3rd,  Slate  and  Sandstone,  called  the  Upper  Quartz-slate ; 
4th,  Limestone  and  Dolomite,  called  the  Upper  Limestone :  and  in 

both  the  limestone- divisions  the  Dolomite  occurs,  though  not  always 
present,  between  two  beds  of  common  limestone.  M.  Dumont,  in  his 
remarks  upon  the  order  of  superposition  of  these  rocks,  states  that  the 

lower  quartz-slate-system  graduates,  at  its  junction  with  the  slate- 
system  of  the  Ardennes,  so  imperceptibly  into  the  slates,  that  it  is 
scarcely  possible  to  mark  distinctly  the  line  of  separation,  and  he 
refers  this  system  to  our  Old  Eed  Sandstone  ;  but  he  does  not  in  this 
Essay  effect  a  correlation  of  the  three  remaining  systems  of  the  An- 

thraeitiferous formation  with  English  formations,  nor  do  I  think  that 
the  list  of  fossils  he  gives  would  alone  have  enabled  a  geologist  to 
decide  on  the  true  position  of  the  Anthraeitiferous  and  Coal  formations 

of  Liege ;  as,  for  example,  in  the  fossils  of  the  Lower  Quartz-schist 
appear  the  names  Productus  hemisphcericus,  P.  comoides,  P.  concinnus, 
and,  in  the  Upper  Limestone  System  thereof,  Oalymene  Tristani,  0. 
macrophihalma,  whilst  in  like  manner  Spirifer  attenuatus  is  recorded 
as  occurring  in  the  Upper  Quartz-schist  below  the  Coal-field,  and  in  the 
Penean  or  Permian  formation  above  it  I  do  not  mention  these  paleeon- 
tological  obscurities  with  an  intention   to  detract  from  the  great 
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merits  of  M.  Dumont's  Essay,  but  simply  to  show  how  impossible  it 
is  to  determine  the  relative  ages  of  the  strata  of  the  earth  without  an 
appeal  to  the  fossils,  or,  in  other  words,  to  the  Natural  History,  of 
each  successive  epoch.  M.  Dumont  detailed  with  the  utmost  ability 
the  mineral  structure  and  the  physical  peculiarities  of  the  province 
of  Liege,  and  his  work  became  a  natural  basis  for  the  future  researches 

of  himself  and  others  ;  but  a  district  so  much  undulated  by  disturb- 
ance was  not  to  be  satisfactorily  unraveled  by  such  a  system  of  in- 

vestigation alone.  The  identification,  however,  of  the  Lower  Quartz- 
schist  of  the  Anthracitiferous  formation  with  the  Old  Red  Sand- 

stone, and  the  determination  of  two  successive  limestones,  the  lower 
and  the  upper,  were  important  steps  towards  the  final  establishment 
of  the  Devonian  as  a  true  formation. 

In  his  subsequent  memoirs  on  the  rocks  of  the  Ardennes  and  of 
the  Rhine,  M.  Dumont  observes  that  in  his  preceding  work  he  had 

proved  the  accuracy  of  M.  D'Omalius  d'Halloy  in  dividing  the  pri- 
mary strata  of  the  North  of  France  into  the  Slate,  Anthracitiferous, 

and  Coal  formations ;  and  he  then  adds  that  subsequently  Sir  R. 
Murchison  had  proposed  for  the  same  formations  the  names  of  Silurian, 

Devonian,  and  Carboniferous, — denominations  which,  having  been 

adopted  by  many  French  geologists,  had  replaced  those  of  D'Halloy* M.  Dumont  also  admits  that  the  undulations  and  disturbances  of  the 

four  systems  into  which  he  had  divided  the  Anthracitiferous  forma- 
tion produce  such  indefinite  alternations  of  the  calcareous,  schistose, 

and  quartzose  divisions,  as  to  render  their  study  very  difficult, 

though  he  states  that  by  purely  geometrical  considerations  he  suc- 
ceeded in  demonstrating  the  existence  of  two  calcareous  deposits 

within  the  Anthracitiferous  formation,  and  adds  that  Murchison 
had  arrived  at  the  same  result  in  England,  having  allocated  the 
Lower  limestone  to  the  Devonian,  and  the  Upper  to  the  Carboniferous 
formation.  Without  doubt  the  labours  of  M.  Dumont  were  in  this 

respect  most  valuable,  as  affording  a  proof  of  the  just  claim  of  the 
Old  Red  Sandstone  to  be  considered  part  of  a  true  formation,  and 
his  observations  correct ;  but  his  subsequent  remarks  are  not  equally 
well-founded,  when  he  speaks  of  the  difficulties  which  those  first-rate 
geologists,  Sedgwick  and  Murchison,  experienced  in  determining  the 
precise  boundary  between  the  Cambrian  and  Silurian  formations,  as 
proofs  of  the  insufficiency  of  a  study  of  organic  remains  to  settle  such 
questions.  This  idea  he  endeavours  to  strengthen  by  pointing  out 
the  differences  of  opinion  which  have  existed  in  respect  to  the  quartz- 
schist  of  the  Ardennes  and  of  the  Rhine,  which  Sedgwick  and  Mur- 

chison had  placed  in  the  Silurian,  whilst  M.  C.  F.  Roemer  had  con- 
sidered, from  the  study  of  organic  remains,  that  the  quartz-schist 

of  the  Rhine  belonged  to  the  Devonian,  and  MM.  D'Archiac  and 
De  Yerneuil,  from  their  examination  of  the  ancient  fossils  of  the 

Rhenish  Provinces,  had  placed  the  grey  slates  of  Meder-Priim  in  the 

Silurian,  though,  in  M.  Dumont's  opinion,  above  the  red  grits  of  the 
quartz -schist- system  of  the  Anthracitiferous  formation;  and  he  then 
concludes  that  Palaeontology  had  proved  insufficient,  and  proceeds  to 

establish  the  divisions  of  the  ancient  Schist-formations  by  his  own 
geometrical  method. 
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He  divides  his  memoir  into  two  parts,  the  first  treating  of  the 
Ardennes,  and  the  second  of  the  Rhenish  strata,  and  adheres  to 
the  same  principles  of  subdivision  which  characterized  his  first  work ; 

adopting  for  the  Ardennes  the  following  systems  from  below  upwards : 
1st,  the  Devillian,  2nd,  the  Revinian,  and  3rd,  the  Salmian,  the 

names  being  all  derived  from  special  localities  ;  and  for  the  Rhenish, 
1st,  theGedinnian,  2nd,  Coblentzian,  3rd,  the  Ahrian,  also  local  names. 

The  Ardennes  and  Rhenish  formations  are  all  composed  of  quartz- 
slates,  quartz  rocks,  grits,  &c,  and  underlie  the  Anthracitiferous 
formation,  which  M.  Dumont  subsequently  subdivided  into  three 
systems,  the  Eifelian,  the  Condrusian,  and  the  Coal,  so  that  the 
Devonian  was  here  confounded  with  the  Carboniferous  in  one  forma- 

tion characterized  merely  by  its  carbon  constituent.  M.  Dumont 
exhibited  the  same  mineralogical  skill  in  the  examination  of  all  these 

rocks,  and  the  same  care  in  describing  his  different  systems,  which, 
as  they  closely  resemble  each  other,  must  have  caused  him  great 
trouble.  The  various  contortions  of  rocks  he  notices  are  also 

sufficient  to  indicate  the  complexity  of  the  district ;  but  he  mani- 
festly considers  the  question  of  fossils  as  one  of  secondary  import- 

ance. M.  Dumont  in  1838  referred  to  his  former  determination  of 

the  correlation  of  the  Eifel  formation  with  the  Anthracitiferous  for- 

mation of  Belgium,  and  stated  that  he  had  subsequently  visited 

Wales  in  company  with  MM.  D'Omalius  d'Halloy  and  De  Yerneuil,  in 
order  to  determine  in  a  similar  manner  the  correlation  of  the  English 
and  Belgian  strata ;  and  he  comes  to  the  conclusion  that  the  divisions 

established  by  Sedgwick  and  Murchison,  as  Cambrian  and  Silurian, 

correspond  with  the  Slate  and  Anthracitiferous  formations  of  D'Hal- 
loy :  on  this  supposition  he  considers  the  Slate -formation  of  Belgium 

as  the  representative  of  the  Cambrian  formation,  and  the  Anthraci- 

tiferous formation  as  including  the  whole  of  the  Silurian  system  and 
the  Carboniferous  formation  in  the  following  order : — 

j   Upper  Lime- stone. 
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M.  Dumont  adds  that  it  is  doubtful  whether  the  Old  Eed  exists  at 
all  in  Belgium,  so  that  he  abandons  his  former  conclusions ;  and  as 
he  adds,  that,  though  the  divisions  established  by  Murchison  on  fossil 
evidence  in  England  were  good  for  that  country,  they  would  be  found 
palaeontologically  different  in  Belgium  and  other  countries,  it  is  quite 
evident  that  he  had  not  then  succeeded  in  establishing,  by  his  system 
of  examination,  the  true  age  of  the  Belgian  rocks,  and  that  the 
ultimate  application  of  the  English  system  was  necessary  to  reduce 
this  important  geological  district  into  order,  It  is  indeed  with 
regret  that  we  observe  so  able  a  man  persevering  in  ignoring  the 
well-known  names  of  Silurian  and  Devonian  and  adhering  to  that  of 
Anthracitiferous,  which  must  perplex  rather  than  inform  the  geo- 

logist ;  but,  making  a  fair  allowance  for  his  high  respect  for  his  old 

master  in  the  science  of  geology,  D'Halloy,  which  manifestly  inter- 
fered with  his  examination  of  the  older  rocks,  it  is  evident  that 

however  able  in  many  respects  his  classification,  more  especially  that 
of  1852,  was,  it  is  gratifying  to  turn  to  his  researches  on  the  Tertiary 
strata.  Here  his  judgment  was  less  shackled ;  and  I  freely  quote  the 
following  practical  observations  with  which  that  profound  Tertiary 
geologist,  Mr.  Prestwich,  has  favoured  me. 

M.  Dumont  now  directed  his  attention  to  the  Tertiary  strata, 
which  until  that  time  were  in  a  most  perplexing  state  of  confusion. 

"Without  any  clearly-established  order  of  superposition,  with  fossils belonging  to  upper  beds  placed  in  the  lowest  beds,  and  with  no 
accurate  sections,  it  was  impossible  for  foreign  geologists  to  establish 
their  correlation  with  the  Tertiary  strata  of  the  adjacent  countries. 
One  equivalent  deposit  only  had  been  distinctly  recognized,  viz.  the 
relation  of  the  Brussels  Sands  to  the  Calcaire  Grossier  of  Paris ;  but 
all  previous  descriptions  of  the  beds  above  and  below  that  group  were 
full  of  inaccuracies  and  very  incomplete.  This  in  part  was  owing  to 
the  want  of  natural  and  artificial  sections,  arising  from  the  flatness 
of  the  country  and  the  scarcity  of  building- stones  in  the  Tertiary 
series.  In  1839,  in  a  report  to  the  Eoyal  Academy  of  Brussels,  M. 
Dumont  gave  his  first  sketch  of  the  classification  of  the  Belgian 

Tertiaries,  dividing  them  into  a  series  of  "  systems  "  distinguished  by 
local  names.  This  plan  he  from  time  to  time  enlarged  and  improved, 
still  retaining  the  original  groundwork,  and  finally  establishing  ten 
principal  groups,  of  which  the  following  is  a  list : — 

1.  Scaldisian  System.       1       -py 
2.  Diestian  System.         J 
3.  Bolderian  System.-       1      1ir. 
A-n      v      a    4.  ~,  r      Miocene. 4.  Kupelian  system.         J 
5.  Tongrian  System. 
6.  Laeckenian  System. 
7.  Bruxellian  System.  -^ 
8.  Paniselian  System.       ̂  
9.  Ypresian  System. 

10.  Landenian  System. 

To  establish  the  correlation  of  these  groups,  M.  Dumont  visited 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  lxix 

the  Tertiary  districts  of  Prance  and  England,  and  published  a  table 

of  equivalent  strata,  showing  great  ability  and  sagacity ;  but  unfor- 
tunately the  data  on  which  the  synchronisms  are  based,  both  with 

respect  to  organic  remains  and  physical  structure,  are  not  given. 
The  main  points  on  which  M.  Dumont  throughout  insists  are  the 
breaks  in  the  sequence,  corresponding  with  certain  movements  of 
elevation.  The  fuller  descriptions  and  lists  of  fossils  were  reserved 
for  a  larger  work,  of  which  unfortunately  his  early  death  has  de- 

prived science.  A  table  embodying  his  most  recent  views  was  pub- 
lished in  the  Journal  of  our  Society  for  1852. 

To  the  great  and  extensive  deposit  of  loamy  drift  which  covers 

so  much  of  Belgium,  he  applied  the  term  of  "Limon  Hesbayen," 
being  a  portion  of  his  "  Systeme  diluvien,"  which  again  was  a  section 
of  the  "  Terrains  Quaternaires."  The  deposits  arising  from  hot 
springs,  evolutions  of  vapour,  and  gases,  he  proposed  to  designate  as 

of  "  Geyserian  "  origin,  in  contradistinction  to  rocks  of  igneous  and 
sedimentary  origin. 

It  will  be  observed  from  the  preceding  remarks,  that,  whilst  recog- 
nizing the  great  value  of  a  purely  mineralogical  examination  of  a 

country,  both  as  regards  a  correct  determination  of  the  true  causes 
of  metamorphism  and  with  a  view  to  trace  out  the  physical  forces 
which  have  contributed  towards  the  present  constitution  and  distri- 

bution of  mineral  strata,  I  have  endeavoured  to  show  that  no  per- 

fect knowledge  of  the  successive  epochs  of  the  earth's  history  can 
be  acquired  without  the  study  of  its  fossils,  or  in  other  words,  of  its 
natural  history.  Neither  of  these  modes  of  inquiry  should  be  neg- 

lected, as  it  is  quite  evident  that  any  one  taken  alone  can  give  but  an 
imperfect  notion  of  the  whole  subj  ect.  M.  Dumont  directed  his  efforts, 
and  they  were  great  and  most  sldlfully  conducted,  to  the  mineral 
mode  of  investigation ;  but  there  is  little  doubt  that  he  would,  had 

his  life  been  spared,  have  ere  long  given  more  attention  to  the  pahe- 
ontological  mode  of  inquiry,  as  being  the  only  one  which  can  make 
the  works  of  the  geologist  a  philosophical  history,  and  not  a  mere 
dry  account  of  isolated  facts. 

I  do  not  consider  it  necessary  to  dwell  on  M.  Dumont5  s  mine- 
ralogical essays,  or  on  his  description  of  Louisiana;  but  the  paper 

which  he  read  to  the  Academy  of  Brussels  on  the  22nd  November 

1834  deserves  especial  notice,  as  it  refers  to  that  much-vexed 
question,  the  origin  of  the  volcanic  craters  of  the  Eifel.  These  he 
enumerates  as  craters  of  elevation,  craters  of  eruption,  and  lake- 
craters:  and  he  observes  that  the  conical  mountains,  known  in 
the  Eifel  as  volcanic,  have  generally  no  appearance  of  a  crater.  They 
have  a  circular  base,  a  summit  more  or  less  pointed,  and  tolerably 
uniform  slopes :  they  are,  for  the  most  part,  formed  on  one  side  by 
scoriaceous  matter,  and  on  the  other  by  inclined  beds  of  compact 
lava  or  tephrine,  similar  to  that  which  extends  into  the  plains  in  a 
more  or  less  horizontal  sheet,  whilst  at  the  foot  of  the  inclined  beds 
is  often  found  a  trainee  of  large  blocks  of  the  same  description. 

These  conical  mountains,  M.  Dumont  calls  "  cones  of  elevation",  and 
he  explains  the  facts  described  in  the  following  manner.     The  com- 

vol.  xiv.  / 
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pact  lavas  and  the  tephrines  were  already  formed,  had  been  spread 
in  uniform  sheets  over  the  surface,  and  cooled  before  the  scoriaceous 
matter  had  been  forced  upwards  and  exposed  to  view.    The  pressure 
from  below  upwards,  exerted  by  this  matter  on  the  upper  sheet  of 
lava,  first  fissured  it  in  a  star-like  form,  over  an  extent  of  ground 
proportional  to  the  force,  the  radii  of  the  sector-like  spaces  proceed- 

ing from  the  point  of  application  of  the  force ;  the  scoriaceous  matter 
then  forced  its  way  through  by  lifting  up  that  portion  of  the  sectors 
which  offered  the  least  resistance,  escaping  by  the  opening  formed, 
and  completing  the  cone,  of  which  the  elevated  sector  formed  only  a 
part.     The  blocks  scattered  over  the  ground  at  the  foot  of  the  sector 
were  detached  and  projected  at  the  time  of  the  elevation.    The  mode 
of  formation  of  elevation-craters,  M.  Dumont  derives  from  the  pre- 

ceding explanation:    when,  for  example,  the  sum  of  the  areas  of 
sectors  raised  constituted  but  a  small  portion  of  the  circumference, 
the  result  was  a  conical  mountain  only  ;  but  when  the  larger  portion 
or  the  whole  of  the  sectors  had  been  uplifted,  the  scoriaceous  matter 

could  no  longer  fill  up  the  cavity  formed,  and  a  true  crater  of  eleva- 
tion was  then  the  result.     As  an  example,  M.  Dumont  quotes  the 

crater  north  of  Mayen,  near  Ettringen,  where  the  beds  of  tephrine 
which  are  horizontal  in  the  quarries  of  Mayen  are  observed  to  be 
tilted  up,  whilst  the  scoriaceous  lavas  are  seen  to  underlie  them  and 
to  fill  up  several  vertical  fissures  which  correspond  to  the  radii  of 
the  sectors.     M.  Dumont  adds  that  there  can  be  no  doubt  from  a 

consideration  of  these  facts,  as  to  the  mode  of  formation  of  this  kind 
of  crater.    Of  craters  properly  called  craters  of  eruption,  M.  Dumont 

states  that  the  only  well-characterized  one  he  has  observed  is  that 
near  Gerolstein,  which  is  situated  on  the  summit  of  a  calcareous  hill, 

and  has  a  well-marked  excavation,  containing  scoriaceous  lavas.     It 
would  appear,  then,  according  to  this  explanation,  that  when  the  flexi- 

bility of  the  strata  is  sufficient  to  yield  to  the  pressure  without  being 
broken  off,  either  a  cone  or  a  crater  of  elevation  will  be  formed ;  but 
when  inflexible,  the  mass  of  the  rock  is  torn  away,  and  a  true  crater 
formed,  round  which  the  scoriaceous  matter  would  be  then  arranged. 

The  lake-craters,  though  apparently  proceeding  in  the  first  instance 
from  the  uplifting  and  rupture  of  a  portion  of  the  rocky  crust  of  the 
earth,  do  not  generally  exhibit  any  appearance  of  true  volcanic  rocks, 

the  place  of  the  scoriaceous  lavas  being  here  supplied  by  agglo- 
merates, the  paste  of  which  is  dried  mud,  and  the  imbedded  nodules 

fragments  of  the  fissured  schists  and  grits  of  which  the  borders  of 
the  crater  consist.     The  volcanic  bombs  found  in  connexion  with 

these  craters,  M.  Dumont  considered  as  having  been  projected  through 
the  mass  of  mud  at  the  time  of  the  eruption,  the  granular  structure 
of  the  bombs  being  analogous  to  that  which  a  vitreous  substance 
strongly  heated,  and  then  suddenly  cooled,  would  assume.     This  is 
an  interesting  view  of  a  very  obscure  subject,  and,  though  in  a  certain 

degree  speculative,  may  be  fairly  considered  as  one  of  the  most  sy- 
stematic explanations  of  the  formation  of  craters  which  has,  up  to  the 

present  time,  been  attempted*. 
*  Whilst  this  address  has  been  passing  through  the  press,  the  subject  has  been 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  lxxi 

I  trust  what  I  have  said  will  be  deemed  sufficient  as  affording  an 
ample  proof  of  the  great  and  varied  abilities  of  our  deceased  member, 
whose  zeal  and  energy  in  the  prosecution  of  his  favourite  science  was 
such  that  Mr.  Prestwich  has  estimated  that  he  walked  no  less  than 

15000  miles  whilst  examining  the  geology  of  Belgium ;  for  it  was 
his  rule  to  form  his  judgment  entirely  upon  his  own  observations. 
He  is  gone »  but  his  great  labours  will  never  be  forgotten,  and  his 
excellent  social  qualities  will  be  long  and  affectionately  remembered. 

M.  P. A.Dufeenoy  was  born  on  the  5th  September,  1792,  and  was 

therefore  sixty-five  years  of  age  at  the  time  of  his  lamented  death.  His 
mother,  Madame  Dufrenoy,  was  a  lady  of  great  literary  acquirements 
and  a  poetess  of  considerable  eminence,  having  founded  her  style  upon 
classic  models,  the  native  language  of  Virgil  and  Horace  being  fa- 

miliar to  her.  Amongst  other  works  she  wrote  a  poem  on  the  last 

moments  of  Bayard  ;  and  its  beauty  merited  and  obtained  the  appro- 
bation of  the  French  Academy,  by  which  distinguished  body  it  was 

crowned.  This  excellent  woman,  at  a  time  when  she  had  long 
suffered  from  illness,  wrote  the  following  touching  lines,  commemo- 

rative at  once  of  her  feelings  of  affection,  and  of  her  confidence  in 
the  future  fame  of  her  beloved  son  : — 

"  Oui,  mon  fils,  oui,  ma  noble  idole, 
De  mon  ete  qui  fuit,  ton  printemps  me  console. 
Eh  !  comment  du  passe  garder  le  souvenir, 
Quand  les  males  vertus  de  ton  adolescence, 
Et  tes  savants  travaux,  suivis  avec  Constance, 

Repondent  de  ton  avenir !  " 

The  recollection  of  this  highly-gifted  mother  was  always  fondly 
cherished  by  her  son,  who  was  never  weary  of  dwelling  upon  her 
high  qualities  as  a  wife  and  mother.  Nor  was  he  less  fortunate  in 
his  marriage,  as  his  wife,  a  daughter  of  M.  Jay,  was  a  fitting  com- 

panion for  such  a  man,  and,  after  bestowing  the  necessary  maternal 
cares  on  her  three  sons,  of  whom  she  was  justly  proud,  was  ever 
ready  to  assist  her  husband  in  his  labours  by  correcting  proofs,  by 
translating  works  written  in  foreign  languages,  or  by  making  draw- 

ings as  illustrations  of  his  own  works.  This  amiable  woman  sur- 
vives her  husband,  and  must  be  an  object  of  admiration  and  of 

respect  to  all  men  of  science. 
In  1803  M.  Dufrenoy  was  a  schoolfellow  of  M.  Valenciennes,  the 

celebrated  ichthyologist,  at  the  Lyceum  of  Eouen,  where  both  the 
young  friends  acquired  a  taste  for  the  study  of  the  natural  sciences ; 
and,  although  they  cultivated  different  branches,  were  often  in  com- 

munication with  each  other  on  scientific  subjects,  and  finally  became 
colleagues  at  the  Museum  of  Natural  History,  and  fellow  members 
of  the  Academy  of  Sciences.     Having  completed  his  literary  and 

again  discussed  by  one  of  our  greatest  and  most  philosophical  geologists,  Sir 
Charles  Lyell,  who  considers  the  elevation-theory  as  untenable.  This  is  not 
the  place  to  enter  into  a  discussion  of  his  facts  or  arguments ;  but  I  may  ven- 

ture to  say,  that  the  force  which  was  sufficient  to  raise  the  semi-liquid  lava  to  a 
great  height,  and  there  to  erupt  it,  must  have  been  also  sufficient  to  fissure  and 
uplift  the  consolidated  crust  of  the  earth. — J.  E.  P. 

/2 
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scientific  studies  at  the  Imperial  Lyceum,  he  entered  the  Ecole  Poly- 
technique  in  1811,  and  having  attained  a  very  high  place  in  that  insti- 

tution, so  well  known  for  the  high  standard  of  education  it  maintains, 
he  became  one  of  the  Corps  des  Mines  in  1813.  Soon  after  the  establish- 

ment of  a  School  of  Mines,  M.  Dufrenoy  was  enlisted  in  its  manage- 
ment ;  and  it  is  justly  said  that  its  prosperity  has  been  mainly  due  to 

the  prudence  and  ability  with  which  he  has  managed  its  concerns.  He 
quickly  associated  himself  with  M.  Elie  de  Beaumont,  who  bears  the 
warmest  testimony  to  his  worth,  both  as  a  Professor  and  a  Director : — 
"  He  was  always,"  M.  de  Beaumont  observes,  "  clear  and  solid,  and 
knew  how  to  fix  attention  on  the  most  dry  subjects,  or  to  render  the 
most  difficult  easy  of  apprehension :  perhaps,  indeed,  crystallography 
had  never  an  interpreter  more  successful  or  more  elegant  in  his  mode 
of  explanation.  As  a  Director  he  will  ever  be  considered  a  model. 
With  all  his  modesty,  gentleness,  constant  desire  to  be  strictly  just, 
and  indefatigable  efforts  to  be  useful,  he  always  exercised  his  power 
with  such  judgment,  that  during  40  years  passed  at  the  School  of 
Mines,  the  most  perfect  order  was  preserved.  He  never  spoke  harshly, 
and  yet  no  one  would  have  thought  of  disobeying  him.  Every  one 
would  have  been  grieved  at  the  very  thought  of  annoying  him,  and 

he  constantly  lived  as  it  were  amongst  a  body  of  friends."  In  1823 
he  commenced,  in  conjunction  with  M.  Elie  de  Beaumont,  the  im- 

portant work  of  a  Geological  Map  of  Prance,  and  that  at  a  time  when 
the  geology  of  Prance  had  been  the  subject  of  no  detailed  works,  so 
that  almost  everything  required  to  be  founded  on  new  observations. 
In  less  than  twenty  years  this  great  work  was  finished,  and  is  now 
considered  by  geologists  of  every  country  as  an  example,  worthy  of 
imitation  in  all  similar  works,  whilst  it  is  a  frequent  work  of  reference 
to  the  practical  agriculturist  and  other  industrial  agents  of  Prance. 

It  is  to  be  observed  that  before  commencing  this  great  work,  the 
two  young  friends  visited  England,  which  had  become  classic  ground 
for  geologists,  in  order  to  study  there  the  Secondary  formations,  and 
it  cannot  be  doubted  that,  whilst  obtaining  information  on  the  one 
hand,  they  must  have  been  instrumental  in  communicating  it  on  the 

other.  The  publication  of  the  "  Metallurgical  Voyage  to  England" 
was  indeed  a  most  valuable  addition  to  our  knowledge,  as  at  that 
time  there  was  no  work  extant  in  the  English  language  which  gave 
so  complete  an  account  of  our  mineral  riches  and  of  our  industrial 
establishments  for  working  them.  He  afterwards  visited  England 
on  a  special  mission  to  examine  the  improvements  which  had  been 
introduced  into  our  foundries,  and  at  the  Universal  Exposition  of 
Industry  in  1851  he  was  the  delegate  from  Prance,  when  he  was 
elected  Vice-President  and  Eeporter  of  a  Commission  composed  of 
representatives  of  all  nations.  As  a  geologist,  his  labours  were 
various  and  important,  either  conjointly  with  Elie  de  Beaumont,  or 
independently  by  himself ;  it  is  said,  indeed,  that  his  works  had  a 
powerful  influence  in  rendering  geology  popular  in  Prance,  and  that 
he  deserves  to  be  ranked  amongst  the  first  founders  of  the  Geolo- 

gical Society  of  that  country. 
His  researches  in  Auvergne,  where  he  demonstrated  the  alternate 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  lxxiij 

disposition  of  tertiary  lacustrine  and  volcanic  strata,  and  those  on  the 
volcanic  strata  of  the  neighbourhood  of  Naples,  where  he  distinguished 
between  the  trachytes  and  pumice  of  the  Phlegraean  fields  and  the 
ancient  lavas  of  Somma,  as  also  between  those  ancient  lavas  and  the 
recent  lavas  of  Vesuvius,  are  proofs  of  great  sagacity  and  judgment. 
It  is  to  be  observed,  however,  that  he  shared  with  M.  Elie  de  Beau- 

mont and  M.  Dumont  in  the  belief  of  the  theory  of  uplifted  craters, 
and  endeavoured  to  explain  the  mathematical  laws  of  those  forces 

which  have  produced  the  elevation  of  volcanic  cones, — a  task  for 
which  his  mathematical  education  at  the  Ecole  Polytechnique  had 
eminently  qualified  him :  indeed  such  an  education  seems  indispen- 

sable for  all  those  who  intend  to  deal  with  the  phenomena  of  physical 

geology.  His  work,  again,  on  the  age  and  composition  of  the  forma- 

tions of  the  "West  of  France  is  one  of  much  ability,  his  principal  object 
having  been  to  determine  the  geological  position  of  the  principal  iron- 
mines  and  of  the  rocks  generally  of  the  Eastern  Pyrenees. 

His  work  on  Mineralogy  is  very  extensive,  and  is  one  of  great 
merit :  it  explains  not  only  the  physical  and  chemical  properties  of 
minerals,  but  also  their  geological  relations  ;  and  a  very  good  judge 
has  particularly  extolled  his  critical  acumen  and  his  fidelity,  remark- 

ing that  "  it  is  much  more  common  in  these  times,  to  find  mineralo- 
gists ready,  on  very  slight  grounds,  to  establish  new  and  ill-defined 

species,  than  disposed  to  efface  from  the  nomenclature  substances 
which  have  no  right  to  figure  there.  It  is,  in  fact,  easy  to  assume 
the  merit  of  having  given  a  name  to  a  substance  without  having 
taken  the  trouble  to  study  it  sufficiently  for  an  accurate  definition ; 
but  it  is  a  long,  difficult,  and  ungrateful  task  to  demonstrate  the  errors 

of  others."  How  true  is  this  remark,  and  how  applicable  to  the  ex- 
amination and  determination  of  organic  fossils  ! 

So  highly  were  the  talents  of  M.  Dufrenoy  appreciated,  that  he 
was  consulted  on  many  difficult  subjects  extraneous  to  his  ordinary 
duties,  such  as  the  purification  of  the  Sologne  and  the  management 
of  the  mineral  waters  of  Vichy  and  Plombieres ;  and  it  may  be  asserted 
that  he  was  during  his  whole  life  the  enthusiastic  friend  of  science, 
and  the  successful  promoter  of  every  useful  application  of  scientific 
knowledge. 

M.  Alcide  D'Orbignt,  Professor  of  Palaeontology  at  the  Museum 
of  Natural  History  in  the  Jardin  des  Plantes,  was  remarkable  for 
the  vast  magnitude,  as  well  as  for  the  interesting  character  of  his 
palaeontological  works,  intended  as  they  were  to  embrace  the  whole 
field  of  geology  in  Erance,  and,  of  course,  comparatively  to  notice  the 
relations  of  the  ancient  inhabitants  of  all  portions  of  the  earth  whilst 

describing  those  of  his  native  country.  M.  D'Orbigny  was  born  at 
Couezon  (Loire  Inferieure),  and  has  been  in  succession  Travelling 
Naturalist  for  the  Museum  of  Natural  History,  Secretary  of  the 
Natural  History  Society,  Member  of  the  Central  Commission  of  the 
Geographical  Society,  Assistant  of  M.  Cordier  in  the  Geological 
Course,  and  latterly  placed  in  the  chair  of  Palaeontology  which  had 
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been  created  expressly  for  him.     He  was  a  Knight  of  the  Legion 
of  Honour. 

M.  D'Orbigny  commenced  in  1826  his  travels  for  the  Museum, 
under  the  auspices  of  the  government.  As  a  student  at  Rochelle, 

M.  D'Orbigny  passed  his  earlier  years  on  the  sea-shore,  and  em- 
ployed much  of  his  time  in  examining  the  natural  productions 

thrown  ashore  by  the  waves.  Before  he  had  attained  the  age  of 

twenty-two,  he  presented  to  the  Academy  a  work  which  was  at- 
tended with  great  success,  as  the  committee  appointed  to  examine 

it  reported  that,  from  the  great  number  of  new  species  he  had  made 
known,  he  deserved  to  be  placed  in  the  first  rank  of  original  ob- 

servers. In  1826  he  proceeded,  as  Travelling  Naturalist  for  the 
Museum,  on  a  voyage  to  South  America,  where  he  explored,  with 
equal  perseverance,  courage,  knowledge,  and  success,  Brazil,  Buenos 
Ayres,  the  frontiers  of  Patagonia,  and  the  Republics  of  Chili  and 
Bolivia,  from  the  shore  of  the  Pacific  Ocean  to  the  centre  of  the  con- 

tinent :  he  afterwards  went  through  the  Republic  of  Peru,  and,  when 
he  returned  to  France,  had  visited  all  that  portion  of  the  earth  from 
the  11th  to  the  12th  degree  of  latitude,  and  from  the  Pacific  to  the 
Atlantic  Ocean. 

As  the  product  of  this  voyage,  M.  D'Orbigny  brought  home  most 
extensive  collections  and  manuscripts,  numerous  drawings  of  objects 
of  natural  history,  and  everything  necessary  to  illustrate  the  geo- 

graphy, the  languages,  the  ethnology,  and  archseology  of  this  part  of 
America :  historical  manuscripts,  thirty-six  vocabularies  of  the  Ame- 

rican language,  a  collection  of  animals  containing  7000  species,  of 
which  many  were  new,  and  one  of  about  2300  species  of  plants,  as 
well  as  much  information  respecting  the  geology  of  the  countries  he 
visited,  were  amongst  the  results  of  his  labours,  and  were  embodied 

in  the  great  work  entitled,  "Yoyage  dans  PAmerique  du  Sud," 
published  under  the  sanction  of  the  Minister  of  Public  Instruction. 

He  also  superintended  the  publication  of  another  work,  "  Yoyage 
pittoresque  dans  les  deux  Ameriques;"  and  his  labours  were  appre- 

ciated by  the  Geographical  Society  of  Prance,  which  awarded  him  its 
annual  prize  in  1836.  As  an  active,  intrepid,  and  persevering  traveller, 
he  had  thus  made  his  way  over  an  immense  extent  of  country,  from 
Brazil  and  Peru  to  Patagonia,  in  eight  successive  years,  sometimes 
navigating  previously  unknown  rivers,  sometimes  penetrating  virgin 
forests,  resting  on  the  loftiest  plateaux  of  the  Andes,  or  in  the  plains 
of  Patagonia,  frequently  finding  himself  amongst  contending  tribes, 
and  being  obliged  to  take  part  in  their  conflicts. 

M.  Alcide  D'Orbigny,  who  had  thus  studied  nature  under  all  its 
varied  forms,  now  devoted  himself  to  a  task  not  less  deserving  of  the 
admiration  of  posterity,  as  he  thenceforth  consecrated  his  life  to 
the  study  of  Palaeontology,  a  science  which  had  only  sprung  into 
existence  in  the  nineteenth  century,  and  which  has  already  enabled 
the  geologist  to  study  the  ancient  natural  history  of  the  several 

epochs  of  the  earth's  history,  and  to  determine  by  that  clue  the  true 
relative  age  of  the  mineral  deposits  with  which  the  fossil  relics  of 
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animals  and  plants,  long  since  removed  from  observation  as  existing 
genera  and  species,  are  associated.  It  has  been  justly  said  that 
what  he  succeeded  in  accomplishing,  in  this  new  branch  of  science, 
was  so  vast  as  to  be  almost  beyond  the  intelligence,  and,  I  may  add, 
the  physical  powers  of  any  one  man ;  and,  as  a  proof,  I  will  at  present 
mention  his  Foraininifera  of  Cuba,  of  the  Canaries,  of  Meudon  near 

Paris,  and  of  Vienna ;  his  studies  on  the  Crinoids,  his  "  Prodrome  de 

Paleontologie,"  his  "  Course  of  Stratigraphic  Geology,"  and  especially 
his  "  Palaeontology  of  France,"  which  has  extended  to  fourteen 
volumes,  and  contains  1400  plates  of  French  fossils. 

M.  D'Orbigny  was  removed  by  death  only  four  years  after  he  had 
been  chosen  Professor  at  the  Jardin  des  Plantes,  and  before  he  had  had 
time  to  complete  his  great  palaeontological  works,  though  it  is  believed 
that  he  has  laid  the  foundation  of  a  palaeontological  collection  worthy 
of  Prance.  I  have  on  a  former  occasion  spoken  of  the  nomenclature 
introduced  by  him  into  geology,  which,  although  founded  in  great 
measure  upon  that  previously  adopted  in  England,  deserves,  from 
its  simplicity,  and  in  many  respects  its  euphony,  the  ready  reception 
which  it  has  obtained  on  the  Continent.  In  respect  to  his  great 
work  on  the  Palaeontology  of  France,  I  am  aware  that  many  English 
palaeontologists  consider  that  he  has  been  sometimes  too  hasty  in  the 
creation  of  new  species ;  but  this  error,  I  fear,  is  common  to  a  large 
portion  of  palaeontologists,  and  will  not  be  entirely  remedied  until 
naturalists  have  made  their  comparisons,  not  with  drawings,  but 
with  actual  specimens.  Making,  however,  every  deduction  on  that 

account,  the  works  of  M.  D'Orbigny  must  ever  stand  forth  as  a  me- 
morial of  the  most  persevering  industry  and  of  a  high  order  of  in- 

tellect, in  confirmation  of  which  opinion  I  will  briefly  but  more 
particularly  notice  some  of  his  numerous  works. 

In  doing  so  I  shall  principally  confine  myself  to  the  notice  of  such 

works  and  opinions  of  D'Orbigny  as  affect  materially  either  the  phi- 
losophy or  the  practice  of  geological  science.  Such  papers  as  his 

Monograph  of  the  new  genus  of  Gasteropods  to  which  he  gave  the 
name  Scissurella,  or  his  description  of  two  species  of  the  genus 
Pteroceras,  found  in  the  Jurassic  limestone  of  La  Charente  Inferieure, 
or  his  essay  on  the  beaks  of  fossil  Cephalopoda,  in  which  he  divides 
the  Bhyncholites  into  two  divisions,  belonging  to  different  genera, 
one  being  the  beaks  of  Nautili,  and  not  of  Sepice,  as  had  been  before 

supposed, — an  idea  supported  by  the  anatomical  description,  by  Pro- 
fessor Owen,  of  the  Nautilus  Pompilius, — or  his  note  on  the  genus 

Caprina,  his  tabular  view  of  the  class  Cephalopoda,  his  memoir  upon 
a  second  living  species  of  the  family  of  Crinoids,  to  which  he  gave 
the  generic  name  Holojous,  and  many  other  of  his  papers,  are  suffi- 

cient proofs  of  his  great  knowledge  of,  and  accurate  judgment  upon, 
almost  all  branches  of  natural  history ;  but  others  speak  the  language 
of  a  philosopher  on  such  subjects. 

Every  one  will  doubtless  remember  the  different  opinions  which 
were  once  entertained  on  the  true  position,  amongst  organized  beings, 
of  the  Foraminifera,  some  naturalists  having,  from  the  resemblance  of 
form,  allotted  them  to  the  Cephalopoda :  after  a  careful  examination 
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of  the  animal  portion  as  well  as  of  the  shelly  covering  of  these  minute, 
often  microscopical,  bodies,  he  disproved  the  earlier  notion  of  their 
alliance  to  the  Cephalopods,  which  he  had  himself  at  first  adopted, 
and  proposed  a  general  classification  of  the  Foraminifera,  founded 
upon  the  form  of  their  shells,  placing  them  amongst  the  Kadiata,  close 
to  the  Polypes.  In  this  great  and  important  inquiry  he  described 
and  figured  118  new  species  from  the  Island  of  Cuba  and  from  the 
Antilles,  and  afterwards  43  species  from  the  Canaries,  of  which  33 
were  peculiar  to  those  islands.  Nor  was  it  to  living  Foraminifera 
that  he  confined  his  attention,  as  he  described  and  figured  54  species 
from  the  white  chalk  of  the  Paris  basin,  all,  with  the  exception  of 
three  or  four,  new,  and  then  again  those  which  had  been  discovered 
by  M.  von  Hauer  in  Austria,  ending  by  the  following  statement  of  the 

geological  distribution  of  Foraminifera : — 
Genera.  Species. 

Palaeozoic  strata       1          1 
Jurassic  strata             5                 20 
Cretaceous  strata     34             280 

Tertiary  strata          56             450 
Existing  epoch         68           1000 

So  that  it  would  appear  that  the  genera  and  species  were  few  in 

number  and  simple  in  structure  at  first,  and  increased  both  in  num- 
ber and  complexity  of  structure  from  formation  to  formation,  until 

they  had  obtained  their  maximum  of  development  in  the  present 

seas.  M.  D'Orbigny  even  considered  that  this  gradual  advancement 
from  simple  to  compound  was  more  distinctly  manifested  in  these 
minute  beings  than  in  any  others,  and  that  they  are  in  consequence 
the  best  fitted  for  determining  with  precision  the  relative  ages  of 

geological  strata.  The  following  ten  living  genera,  Ghromia,  Mimu- 
lina,  Conulina,  Vertebralina,  Caudenia,  Pavonina,  JRobertina,  Cassi- 

dulina,  Unihculina,  and  Cruciloculina,  M.  D'Orbigny  named  as  not 
having  been  as  yet  discovered  in  a  fossil  state ;  and  he  gave  the 
following  view  of  the  climatal  distribution  of  the  Foraminifera,  which 
cannot  fail  to  be  very  suggestive  to  the  palaeontologist  also.  Torrid 
Zone,  375  species ;  Temperate  Zone,  350 ;  Frigid  Zone,  75 :  so 
that,  as  in  Mollusca,  the  seas  of  hot  climates  are  more  productive  of 
species  of  Foraminifera  than  those  of  colder  regions. 

M.  D'Orbigny  traces  the  history  of  these  bodies  from  their  first 
discovery  in  1731  to  the  present  time ;  and  as  a  proof  of  the  import- 

ance of  the  office  they  may  have  played  in  the  formation  of  some 
geological  strata  (the  houses  of  Paris  and  the  pyramids  of  Egypt 
being  in  part  built  of  rocks  composed  of  Foraminiferous  shells),  he 
states  that  little  more  than  an  ounce  in  weight  of  the  sand  of  the 

Antilles  yielded  480,000  of  these  shells.  M.  D'Orbigny  concluded, 
from  his  examination  of  the  Foraminifera  of  the  Paris  basin,  that 
they  had  lived  in  a  hot  climate,  and  had  not  been  subjected  to  the 
wearing  action  of  any  current. 

In  explaining  the  distribution  of  the  Foraminifera  of  South  America, 

M>  D'Orbigny  points  out  how  varied  the  groups  are,  under  the  in- 
fluence even  of  chorographic  differences, — the  Foraminifera  of  the 
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southern  shores  of  the  Pacific  differing  from  those  of  the  southern 
shores  of  the  Atlantic,  and  both  from  those  of  the  equatorial  region 
of  the  Antilles,  from  which  fact  he  deduces  the  conclusions,  that  in 
the  same  sea,  and  in  connexion  with  the  same  continent,  different 
faunae  may  exist  at  very  small  distances  from  each  other ;  and  further, 
that  Tertiary  basins,  although  different  in  their  faunae,  may  have  been 
formed  simultaneously,  just  as  the  material  deposits  are  necessarily 
widely  different  in  character  at  localities  by  no  means  very  remote. 
Unquestionably  the  reasoning  is  good,  and  equally  applicable  to  the 

geological  deposits  of  all  ages  of  the  world*. 
In  his  essay  on  the  distribution  of  the  Acetabuliferous  Cephalopoda, 

he  states,  in  reference  to  their  present  distribution,  that  15  out  of  16 
genera  are  found  in  hot  countries,  10  in  temperate  regions,  and  6 
only  in  cold ;  and  he  also  concludes,  from  his  inquiries,  that  these 
forms  are  more  complicated  as  they  inhabit  hotter  regions,  and  fur- 

ther, that  it  is  probable  the  fossil  genera  lived  under  a  high  tempera- 
ture. Taking  account  of  this  view  of  the  subject,  it  is  interesting  to 

observe  the  other  statement  of  M.  D'Orbigny,  that  the  Acetabuliferous 
Cephalopoda  appeared  first  in  the  Jurassic  formation,  when  they  were 
represented  by  the  Belemnites  and  6  other  genera,  including  the  exist- 

ing genus  Sepia  and  three  other  living  genera,  simultaneously  with 
the  vast  numbers  of  Ammonites ;  that  all  disappeared  except  the  genus 
Belemnites  in  the  Cretaceous  epoch,  being  represented,  however,  by 
different  species ;  and  that  in  the  Tertiary  strata,  the  Belemnites  dis- 

appeared entirely,  being  replaced  by  the  genus  Sepia  appearing  for  the 
second  time,  and  the  genus  Beloptera,  which  appeared,  only  to  pass 
rapidly  away,  as  it  is  no  longer  a  living  genus.  These  are  unques- 

tionably very  remarkable  facts,  and  have  on  the  one  hand  a  tendency 

to  support  the  doctrine  which  M.  D'Orbigny  so  strongly  supports,  of 
the  destruction  of  one  creation  and  the  production  of  another  again  and 
again  at  successive  epochs,  whilst,  on  the  other,  they  may  induce  a 
pause  in  the  decision  of  the  palaeontologist,  as  it  seems  difficult  to 
conceive  that  any  such  genera  as  Sepia,  Sepioteuthis,  &c,  could  have 
been  created  so  far  back  as  the  Jurassic  age,  and  then  have  totally 

*  It  must  not  be  assumed  from  my  remarks  on  D'Orbigny's  labours  in  the  Fo- 
raminifera,  that  I  consider  him  to  have  arrived  at  his  final  results  per  saltum. 
Far  from  it,  as  in  1826  his  object,  as  so  well  explained  by  Ferussac,  was  simply  to 
separate  the  microscopical  Cephalopoda,  as  he  then  considered  them  to  be,  from 
the  Siphoniferous  genera  with  which  they  had  been  confounded.  De  Haan  had 

previously"  proposed  such  a  separation,  and  founded  upon  it  his  Siphonoides 
and  Asiphonoides ;  but  D'Orbigny  felt  that  there  were  other  differences,  and 
therefore  proposed  his  more  distinctive  term  Foraminifera.  His  '  Prodromus,'  pub- 

lished at  that  time,  was  founded  upon  this  view  of  the  subject,  and  remained  the 
standard  of  classification  until  Desjardins,  in  1835,  gave  many  reasons,  deduced 
from  careful  observation,  for  separating  the  Foraminifera  from  the  Mollusca  en- 

tirely, and  forming  of  them  a  totally  distinct  class,  to  which  he  gave  the  name 
Symplectomeres.  Desjardins  therefore  gave  the  impulse  which  has  since  led  to  the 
correct  classification  of  these  microscopical  but  most  interesting  animals,  which 
have  been  shown,  by  the  examination  of  the  deep-sea  soundings  of  the  Atlantic, 
to  be  as  active  now  as  in  ancient  epochs  in  laying  the  foundations  of  future 
Strata. 
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disappeared,  to  be  again  created  in  the  Tertiary  and  existing  epochs. 
I  must  again  maintain  that  it  is  more  natural  to  conceive  that  the 
link  of  connexion  between  the  dead  and  the  living  has  been  kept  up, 
although  hitherto  the  region  of  their  habitation,  during  the  long  period 
of  time  elapsed,  has  been  veiled  from  observation. 

I  shall  not  attempt  further  to  follow  the  able  author  of  no  less  than 
fifty  distinct  treatises,  some  of  vast  magnitude  and  interest,  and  all 
full  of  ingenuity  and  knowledge ;  but  I  may  notice  him  as  the  author 
of  that  nomenclature  which  is  gaining  ground  rapidly ;  and  in  doing 
so  I  will  quote,  as  illustrative  of  his  method,  the  distribution  of  the 

Bryozoa-Cellulina,  which  he  thus  details : — 

Terrains 
Cretaces. < 

Terrains 
Tertiaires. 

Existing 
Fauna. 

f"Etage  Neocomien —  Aptien    . . 
-  Albien   . . 
-  Cenomanien 
-  Turonien 
-  Senonien 

'Stage  Suessonien —  Parisien  . . 
—  Ealunien 

—  Subapennin 

v. 

} 

Genera. 
1 
1 
1 

11 
9 

54 
3 

12 
40 

4 

58 

V593  species. 

Species. 1 
1 
1 26 17 

547 

5 

75  ,>
109 

312.. 
  
312 

The  Bryozoa-Centrifugina,  which  form  the  other  division  of  the 
class,  he  discovered  in  almost  all  the  geological  formations,  and  he 

gives  their  numbers  thus : — 
Genera.  Species. 

In  the  Palaeozoic           10           66 
   Triassic           0             0 
   Jurassic       32            93 
   Cretaceous     130         480 

   Tertiary       32         101 
   Existing  epoch          26           80 

And  he  concludes  from  the  whole  that  there  were  three  centres  of  de- 

velopment of  the  Bryozoa,  the  first  two  composed  of  B.-Centrifugina 
alone, — namely,  one  in  the  Carboniferous  stage  of  the  Palaeozoic,  and 
one  in  the  Bathonian  of  the  Jurassic, — and  the  other  composed  of 
both  orders,  Cellulina  and  Centrifugina,  in  the  Senonian  stage  of  the 
Cretaceous. 

Having  now,  I  trust,  enabled  every  one  to  form  a  correct  judgment 

of  the  great  and  varied  abilities  of  M.  D'Orbigny,  in  aid  of  whose 
researches  the  Society  has  twice  awarded  the  proceeds  of  the  Wollas- 
ton  Eund,  I  will  close  my  remarks  with  the  following  passage  from 
the  report  of  MM.  Brongniart,  Dufrenoy,  and  Elie  de  Beaumont,  on 

his  "  Geology  of  South  America,"  as  it  conveys  a  sentiment  in  which 
all  our  members  will,  I  am  sure,  cordially  concur : — 
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"  The  author's  reserve,  in  treating  upon  a  subject  so  vast  and 
difficult,  cannot  but  be  approved,  although  no  one  can  fail  to  perceive 

that  the  memoir  of  M.  D'Orbigny  has  enriched  science  with  a  great 
number  of  new  facts  and  with  many  ingenious  speculations.  New 
observations  may  hereafter  lead  to  a  modification  of  some  of  his 
theoretical  views ;  but  the  merit  will  always  be  his  of  having  con- 

sidered a  vast  subject  from  a  point  of  observation  so  elevated  as  must 
necessarily  cause  it  to  command  attention,  and  lead  the  way  to  still 

further  progress.  "We  therefore  propose  to  the  Academy  that  it  should 
express  to  the  author  the  high  satisfaction  it  has  experienced  in  con- 

templating the  indisputable  advancement  which  has  been  made 
towards  a  knowledge  of  the  geology  of  South  America,  by  his  cou- 

rageous and  persevering  researches :  " — let  me  also  add,  towards  a 
knowledge  of  the  geology  of  all  parts  of  the  earth ;  for  his  great  works 
on  the  Palaeontology  of  France  deserve  such  a  commendation. 

Having  now,  I  trust,  faithfully  performed  my  duty  towards  those 
illustrious  members  whom  we  have  lost,  and  who  during  their  lives 
were  active  either  in  promoting  the  progress  of  our  own  science  or 
in  advancing  the  general  knowledge  of  mankind,  I  will  turn  to  a 
work  not  so  embittered  by  painful  recollections,  and  proceed  to  esti- 

mate the  labours  of  the  past  year. 
The  present  Session  has  been  characterized  by  the  excellence  and 

importance  of  its  Palseontological  papers  :  the  first  was  contributed 
by  Professor  Owen,  who  exhibited  and  described  an  almost  entire 
lower  jaw,  with  the  permanent  dental  series,  wanting  only  four  middle 
incisors,  of  an  Anoplotherioid  quadruped,  from  the  collection  of  the 
Marchione  s  of  Hastings,  and  now  forming  part  of  the  Palseonto- 
logical  collection  in  the  British  Museum. 

From  the  equality  of  height  of  the  crowns  of  the  teeth,  and  their 
general  character,  Professor  Owen  considered  the  animal  as  belong- 

ing to  that  group  of  the  Anoplotherioid  family  which  includes  the 
genera  Dichobune  and  Xijphodon  of  Cuvier,  the  animal  being  of  the 

size  of  Cuvier's  X.  gracilis.  The  author  then  described  in  detail  the 
dentition  of  the  specimen,  and  pointed  out  its  difference  from  that 
of  Dichodon,  and  of  Xiphodon,  as  also  its  agreement  with  that  of 
Dichobune,  with  which  genus  therefore  he  associated  it  provisionally, 
in  the  absence  of  a  knowledge  of  the  molars  of  the  upper  jaw ;  and, 
after  a  comparison  with  the  Dichobune  leporina  of  Cuvier,  he  formed 
it  into  a  distinct  species,  Dichobune  ovina,  from  the  size  of  the  animal. 

The  Dichobune  cervina  of  his '  British  Fossil  Mammals'  he  transferred, 
on  the  suggestion  of  M.  Gervais,  to  the  genus  Dichodon. 

Professor  Owen  then  compared  the  genus  Xiphodon  with  the  genus 
Dichobune.  The  first  had  originally  formed  part  of  the  genus  Ano- 
plotherium ;  but  the  species  A.  medium,  Cuvier,  afterwards  called  by 
him  A.  gracile,  was  subsequently  separated  by  Cuvier,  and  made  the 
type  of  a  new  genus  Xiphodon,  as  X.  gracilis,  to  which  Gervais  (in 

'  Paleontographie  Francaise')  afterwards  added  the  Xiphodon  Gey- 
lensis,  and  described  the  dental  series  of  both  jaws  of  the  typical  species 
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from  a  specimen  obtained  from  the  lignites  of  Debruge,  near  Apt. 
M.  Gervais  had  given  his  reasons  for  considering  the  genus  Xiphodon 
very  approximate  to  Hyojpotamus ;  but  Professor  Owen  points  out 
that  both,  Anthracotherium  and  Hyopotamus  differ  from  Anoplothe- 
rium,  Xiphodon,  and  Dichodon,  by  the  interrupted  character  of  the 
dentition,  which  in  the  latter  genera  is  continuous.  The  genus  Di- 
chobune  had  been  also  separated  by  Cuvier  from  the  genus  Anojolo- 
therium,  the  species  A.  minus  and  A.  leporinum  having  been 
transferred  to  this  new  genus,  which  is  closely  connected  with  the 
genus  Xiphodon ;  it  is,  indeed,  manifest  that  most  able  palaeontolo- 

gists have  found  it  sometimes  difficult  to  determine  between  such 
closely- allied  genera,  M.  Gervais  having  in  like  manner  transferred 
the  species  Hyracotherium  Robertianum  to  the  genus  Dichobune. 
Professor  Owen  also  made  some  interesting  observations  on  the 
consequences  of  adopting  the  analogy  of  Microtherium  or  of  Anoplo- 
therium  in  determining  the  fore  or  back  parts  of  the  crown  of  the 

upper  molar — an  important  point  in  settling  the  relations  of  a  new 
genus, — he  himself  adhering  to  the  Anoplotherium. 

In  respect  to  the  first  appearance  of  true  Euminants,  Professor 
Owen  remarked  that  the  dentition  of  the  upper  jaw  of  the  species 
Anoplotherium  murinum  and  A.  obliquum,  referred  by  Cuvier  to  his 
genus  Dichobune,  must  be  known  before  the  existence  of  true  Eumi- 

nants in  the  Upper  Eocene  gypsum  of  Paris  can  be  inferred.  The 
following  interesting  remark  closed  his  statement,  and  is  worthy  of 
careful  attention ;  for,  whilst  it  speaks  of  a  formative  force  being 
transferred  from  one  set  of  teeth  to  another,  as  an  easy  mode  of  effect- 

ing a  transition,  and  shows  how  easily  the  Euminant  stomach  might 
have  been  modified,  it  is  impossible  not  to  imagine  how  readily  many 
transmutations  might  have  been  effected  in  the  progress  of  time, 

without  the  aid  of  renewed  creation.  "  No  doubt  the  affinity  of  these 
small  Anoplotherioids  to  the  Chevrotains  was  very  close  ;  let  the  for- 

mative force  be  transferred  from  the  small  upper  incisors  to  the  con- 
tiguous canines,  and  the  transition  would  be  effected.  We  know 

that  the  Euminant  stomach  of  the  species  of  Tragulus  is  simplified 
by  the  suppression  of  the  psalterium,  or  third  bag ;  the  stomach  of 
the  small  Anoplotherioids,  whilst  preserving  a  certain  degree  of 
complexity,  might  have  been  somewhat  more  simplified.  The  certain 
information  which  the  gradations  of  dentition  displayed  by  the  above- 
cited  extinct  species  impart,  testifies  to  the  artificial  character  of 
the  order  Euminantia  of  the  modern  systems,  and  to  the  natural  cha- 

racter of  that  wider  group  of  even-toed  hoofed  animals,  for  which 

I  have  proposed  the  term  Artiodactyla." The  next  paper  by  Professor  Owen  was  one  on  a  small  Lophiodont 
Mammal  from  the  London  Clay,  near  Harwich.  Professor  Owen 
first  points  out  the  rarity,  and  usually  fragmentary  condition,  of  the 
remains  of  mammals  found  in  Eocene  beds  below  the  Binstead,  Gyp- 

seous, and  Headon  or  Hordwell  series,  either  in  our  own  country  or 
on  the  Continent,  and  illustrates  this  position  by  referring  to  the 
fossil  evidence  upon  which  the  genera  Pachynolojohus,  Dichobune,  Pro- 
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palceotherium  (Gervais),  Macacus  or  Eopithecus,  and  Hyracotherium 
have  been  established.  This  last-named  fossil  genus  was  founded  upon 

"  the  portion  of  a  cranium  with  the  molar  series  of  teeth ;"  and  as  he 
was  enabled  to  determine  a  new  genus,  named  by  him  Pliolophus  vul- 
piceps,  on  "  an  entire  skull  with  the  complete  dentition  of  both  upper 
and  lower  jaws,  and  a  portion  of  the  skeleton  of  the  same  individual, 
including  the  right  humerus,  the  right  femur,  a  great  part  of  the 
left  femur,  the  left  tibia,  and  three  metatarsal  bones,  apparently 

of  the  same  hind  foot,"  and  many  other  recognizable  and  import- 
ant portions  of  the  skeleton,  he  justly  states  that  "  it  is  the  most 

complete  and  instructive  mammalian  fossil  of  the  age  of  the  Lon- 
don Clay  which  has  hitherto  been  discovered,  and  its  study  is 

replete  with  interest.  It  was  brought  to  the  British  Museum  by 
Mr.  Colchester,  being  imbedded  in  one  of  the  Eoman- cement  nodules 
of  the  London  Clay,  near  Harwich.  The  osseous  tissue  is  fossilized, 
and  partly  impregnated  with  pyritic  matter.  It  is  well  known  how 
rich  the  cement-nodules  are  in  fossils ;  and,  a  fragment  having  been 
chipped  off  the  present  one,  the  attention  of  the  workmen  was 
arrested  by  the  appearance  of  what  appeared  to  them  the  head  of  a 
fox.  The  specimen  then  came  into  the  possession  of  the  Eev. 
Richard  Bull,  M.A.,  vicar  of  Harwich,  who  placed  it  in  the  hands 
of  Mr.  Colchester  to  obtain  the  opinion  of  Professor  Owen  on  its 
true  character  and  relations.  By  him  it  was  recognized  as  a  new 
species,  forming  the  type  of  a  new  genus,  which  he  has  named 
Pliolophus,  meaning  to  imply  that  it  was  nearer  to  the  Lophiodont- 
type  than  its  close  ally  the  Hyracotherium :  the  whole  name  Plio- 

lophus vulpiceps,  or  Pox-headed  Plioloph,  expresses  the  peculiar 
form  already  alluded  to. 

It  is  unnecessary  that  I  should  enter  into  the  anatomical  details, 
worked  out,  as  they  have  been,  with  the  usual  skill  of  Professor 
Owen ;  but  I  may  mention  some  of  the  results.  One  portion  of 
the  cranium  approximates  the  specimen  to  the  carnivorous  type, 
whilst  in  other  respects  it  follows  the  rule  of  the  Hog,  Hyrax,  and 

Palseothere — resembling,  in  the  proportions  of  the  zygomatic  arches, 
the  Palceotherium  more  than  any  existing  mammal.  In  a  similar 
manner  its  approximation  on  the  one  hand  to,  and  its  divergence,  on 
the  other,  from  several  other  genera,  such  as  the  Rhinoceros,  Tapir, 
Horse,  and  Hyrax,  Anoplotherium  and  Hyracotherium,  are  minutely 
investigated,  as  are  also  the  similarly  partial  approximation  and  par- 

tial divergence  in  affinities  as  exhibited  by  a  conjoint  comparison  of 
the  skull  and  teeth  of  Pliolophus  and  various  other  genera.  Professor 
Owen  then  states  that  Lophiodon,  Pachynolophus,  Pliolophus,  and 
Hyracotherium  form  so  many  sub-generic  modifications  of  the  same 
natural  family  of  Perissodactyle  Ungulates,  and  that  in  the  compara- 

tive simplicity  of  their  premolars,  and  the  progressive  approach  to 
the  molar  type  of  the  Chaeropotamoids,  the  Pliolophus  and  Hyraco- 

therium both  exhibit  a  tendency  to  a  closer  adherence  to  the  general 
Ungulate  type. 

Professor  Owen  then  observes  that, "  in  stating  that  these  modified 
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Lophiodonts  are  the  most  artio-dactyloid  of  the  Perissodaetyles,  no 
particular  hypothesis  is  advocated ;  there  can  be  but  one  inference 
from  this  and  the  numerous  analogous  facts  that  have  already  been 
made  known.  So,  likewise,  in  regard  to  the  typical  character  of 
dentition  as  manifested  by  the  number  and  kind  of  teeth,  we  find,  in 
this  last  Eocene  mammal  which  has  come  to  light,  a  repetition  of 
that  remarkable  adherence  to  a  more  general  mammalian  character. 

The  older  Oolitic  mammals  exemplify  a  tendency  to  a  type  of  den- 

tition of  a  still  higher  generality  than  the  mammalian  class."  In 
this  manner  three  genera  of  the  Oolitic  epoch  resemble  in  their  den- 

tition the  general  Vertebrate  type,  whilst  no  less  than  38  genera, 
belonging  to  the  Eocene  epoch,  resemble  in  dentition  the  Mammalian 

Diphyodont  type  ;  but  Professor  Owen  adds  that  "  all  general  rules 
in  organic  nature  have  their  exceptions,  and  differ  in  that  respect 
from  inorganic  phenomena,  in  regard  to  some  of  the  general  laws  of 

which  no  exceptions  have  been  as  yet  discovered."  If  we  consider 
this  gradual  change,  from  a  more  general  type  of  vertebral  organiza- 

tion to  a  more  special  type,  to  be  the  result  of  original  creation,  it 
seems  difficult  to  understand  the  possibility  of  exceptions  to  any  great 
law ;  but  if  it  be  considered  only  as  the  progressive  modification  of 
some  type  from  a  long  series  of  ages  of  existence,  it  would  seem  quite 
natural  and  probable.  The  fact,  however,  though  so  strongly  sup- 

ported by  Professor  Owen,  has  been  disputed  in  a  paper,  to  be  sub- 
sequently noticed,  by  Dr.  Ealconer,  and  the  Professor  has  promised 

to  consider  at  a  future  day  trie  objection  thus  taken  to  his  theory, 

which  is  unquestionably  one  of  great  importance  in  speculative  Pa- 
laeontology. A  description  of  some  of  the  bones  of  the  extremities 

terminated  this  most  interesting  paper,  and  assisted  to  confirm  the 
determination  of  the  true  position  and  affinities  of  Pliolophus,  and 
most  probably  of  Byracotheriwn,  also  in  the  Ungulate  series. 

The  bones  of  the  hind  foot  of  an  Iguanodon,  discovered  by  Mr. 

Beckles  in  the  Wealden-clay  of  the  south  coast  of  the  Isle  of  Wight, 
afforded  materials  for  another  short  paper  by  Professor  Owen.  After 
stating  the  result  of  his  investigation  of  these  interesting  relics,  he 

observes, — "guided  by  the  analogy  of  the  number  of  phalanges 
in  the  toes  of  the  hind  foot  of  the  Iguana,  we  may  infer  that  the 
three  toes  that  are  normally  developed  in  the  hind  foot  of  the  Igua- 

nodon, are  the  second,  third,  and  fourth ;  that  the  first  or  innermost 
is  represented  by  a  rudimental  metatarsal,  which  was  concealed 
beneath  the  skin  of  the  foot ;  and  that  the  fifth  or  outermost  was 

entirely  suppressed ;"  a  modification  of  the  hind  foot,  he  adds,  which 
is  interesting  by  its  analogy  to  the  tridactyle  hind  foot  of  the  Rhi- 

noceros and  Tapir,  and  still  more  so  by  its  correspondence  in  the 
varying  number  of  the  phalanges,  and  their  progressive  increase 
from  the  inner  to  the  outer  toe,  with  the  foot  of  birds, — a  fact  which 
naturally  suggests  a  caution  in  respect  to  the  habit  of  referring  the 
many  large  tridactyle  impressions  found  in  the  Wealden  and  other 
formations,  to  the  class  of  Birds. 

A  large  femur,  also  found  in  the  Weald-clay  of  Sandown  Bay,  Isle 
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of  Wight,  was  made  the  subject  of  a  communication  by  Mr.  Gibson, 
who  stated  that,  though  it  had  suffered  much  from  pressure,  Professor 
Owen  had  been  enabled  to  state  his  opinion  from  a  clay-model,  that 
in  all  probability  the  bone  was  the  femur  of  an  Iguanodon,  and  if  so, 

being  the  largest  of  its  kind  yet  recorded,  that  it  merited  the  atten- 
tion of  the  Society. 

Valuable  as  all  these  papers  are,  they  afford  only  a  small  specimen 
of  the  continuous  and  successful  efforts  of  the  greatest  Palaeon- 

tologist of  our  day  to  enlarge  our  knowledge  of  the  natural  history 
of  the  earth  at  successive  epochs ;  and  it  is  most  gratifying  to  know 
that  the  admiration  we  feel  for  such  genius  and  skill  is  quite  shared 
in  by  our  Continental  brethren ;  one  proof  of  which  may  be  derived 
from  the  following  notice  of  a  paper  by  M.  Ed.  Hebert,  who  has 
contributed  an  interesting  memoir  on  a  subject  closely  related  to  that 
which  has  engaged  our  attention,  and,  in  the  hands  of  Dr.  Falconer, 

has  produced  such  rich  results.  His  principal  object  was  to  dis- 
cuss the  value  of  the  genus  Coryphodon  of  Owen,  founded  in  1846 

upon  a  lower  back  molar,  which  in  itself  was  very  analogous  to 
that  of  the  Tapir,  and  consequently  to  that  of  the  Lophiodon,  but 
exhibited  two  transverse  ridges  instead  of  three,  as  in  the  Lophiodon. 
To  this  genus  M.  Gervais  had  correctly  referred  the  Lophiodon  an- 
thracoideus  of  Blainville,  considering,  however,  that  the  genus  could 

only  be  considered  a  sub-division  of  Lophiodon.  To  determine  the 
question  of  the  validity  of  the  genus,  M.  Hebert  examines  the 
dental  formula,  and  shows  that,  whilst  the  lower  molars  differ  little 
from  those  of  the  Lophiodons  and  Tapirs,  the  difference  from  each  of 
these  genera  being  about  the  same,  the  upper  molars  constitute  a 

distinct  type  from  those  of  all  other  Pachydermata, — the  Corypho- 
don  being  more  separated  from  them  in  this  respect,  than  the  Lophi- 

odon, the  Tapir,  the  Rhinoceros,  and  the  Palaeotherium  are  from  each 
other.  The  canines,  separated  from  the  incisors  by  a  space  less  long 
than  in  the  Tapir,  are  powerful  and  characteristic,  resembling  those 
of  no  animal,  living  or  fossil.  The  incisors  are  strong  and  regular, 
with  blunt  points,  having  a  singular  resemblance  to  those  of  Anihra- 
coiherium.  M.  Hebert  concludes  the  comparison  by  observing  that 
the  formation  of  this  genus  from  a  single  tooth  is  an  example  of  the 
rare  sagacity  of  Mr.  Owen,  and  that,  so  far  from  any  doubt  being 
thrown  on  the  validity  of  the  genus  Coryphodon,  it  cannot  be  doubted 
that  future  researches  will  bring  to  light  new  forms,  intermediate 
between  the  Coryphodon  and  the  Lophiodon.  He  has  also  determined 
the  existence  of  two  species  of  the  genus,  namely,  the  Coryphodon 
eoccenus  of  Owen,  found  by  M.  Hebert  in  the  lignite  bed  of  the  Sois- 
sonnais,  and  another  called  by  him  C.  Oweni,  from  the  conglomerate  of 
the  Plastic  Clay,  or  lower  in  the  series.  The  name  C.  anthracoideus 
is  of  course  abandoned,  as  merging  in  C.  eoccenus.  The  C.  Oweni 
was  larger  than  the  Tapir  of  India;  and  the  C.  eoccenus  must  therefore 
have  been  an  animal  of  large  stature.  M.  Hebert  then  gives  a  tabu-, 
lar  view  of  the  mammiferous  fauna  of  the  Lower  Tertiaries  of 
France : — 
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Mineral  Condition. Physical 
Formation. 

Mammifera  observed. 

Gypsum 

Calcaire  de  Saint-Ouen 

Fluvio-lacustrine 

Lacustrine   ...... 

Fluvio-Marine 

Sables  de  Beauchamp . . 
Upper  Calcaire  Grossier 

Middle     and     Inferior 
Calcaire  Grossier   ... 

Conglomerate  of  Mont 
Bernon     

Marine   
Fluvio-Marine 

} Marine , 

Upper,orofCuisse 
Lamotte   

|Fluviatile...« 

'*< Lignites   

Plastic  Clay    
Conglomerate 

of  the  Plastic  I 
Clay     J 

Inferior,  or  of  Bra- 
cheux   

Limestone    and     marl 
with  Physa  gigantea 

White  Sands  of  Rilly- 
la-Montagne    

V  Marine . 

Saltmarsh { 

Fluvio-Marine 

j- Marine   
>  Lacustrine 

}   

Fauna  very  rich  ;  Anoplotherium, 
Palaeotherium,  &c.  the  details 
not  given. 

Anchilopus  Desmaresti,  Gervais, 

wrongly  quoted  as  from  the  Cal- caire Grossier. 

Ossiferous  conglomerate  at  the 
junction  of  these  beds  not  yet 
studied. 

None. 

Lophiodon  Parisiensis,  Gervais; 
Pachynolophus  Duvalis,  Pomel; 
P.  Prevosti,  Gervais; 
Dichobune  Robertiana,  Gervais ; 
D.  suilla,  Gervais ; 

and  others,  as  yet  undetermined. 
None. 

Pachynolophus  Vismeei,  Pomel. 
Several  species  of  Lophiodon 
not  yet  described ;  Carnivores. 

None. 

Coryphodon  eocaenus,  Owen. 
Paleonictis  gigantea,  Blainville. 
None. 

Coryphodon  Oweni,  Heb.;  several 
other  Pachyderms  and  Carni- 

vores and  a  Rodent. 

Arctocyon  primaevus,  Blainville, 

None. 

None. 

Old-established  labourers  in  Palaeontology  have  not  failed  to  con- 
tribute their  quota  towards  the  advancement  of  palaeontological 

science ;  for  example,  Sir  Philip  Egerton  has  supplied  an  interesting- 
paper  on  Pish  Remains  from  the  neighbourhood  of  Ludlow,  which 

deserves  special  attention.  He  justly  states  the  difficulty  of  the  sub- 
ject, and  observes  that  little  has  been  discovered,  since  Agassiz  deter- 

mined the  Ichthyic  affinities  of  the  Cephalaspid  remains  in  England, 
to  have  enabled  even  that  great  naturalist  to  advance  a  positive 
opinion  as  to  their  true  place  in  the  scale  of  nature.  Agassiz,  whilst 

referring  two  species,  namely  CeplidlaspisLeivisii  and  C.Lloydii  to  the 

genus  which  he  had  originally  founded  on  C.  Lyellii,  indicated  the  pos- 
sibility that  they  might  hereafter  become  the  type  of  a  new  genus ;  this 

change  has  been  effected  by  Dr.  E.  Kner,  who  formed  the  genus  Pte- 
raspis,  a  genus  accepted  by  Professor  Huxley  and  Mr.  Salter,  though 

on  different  grounds  to  those  on  which  Kner's  determination  was  made. 

"With,  therefore,  every  necessary  reserve  upon  so  difficult  a  point,  Sir Philip  has  been  able  to  establish,  even  from  the  imperfect  materials 

furnished  him,  no  less  than  three  new  species,  namely  Cephalaspis 
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Salweyi,  C.  Marchisoni,  0.  ornatus,  restoring  therefore  to  the  genus 
a  stability  equal  to  that  it  had  formerly  obtained, — and  one  new 
genus  and  species,  Auchenaspis  Salteri,  founded  on  a  specimen  perfect 
in  every  respect,  and  yet  in  size  not  larger  than  a  fourpenny-piece — 
a  genus  closely  allied  to  Cephalaspis,  but  yet  structurally  distin- 

guished from  it. 
It  is  curious  and  worthy  of  notice,  that  the  ichthyological  portion 

of  this  subject  has  also  engaged  the  attention  of  Professor  Huxley, 
who  has  already  attained  a  high  place  in  the  ranks  of  our  Palaeon- 

tologists. Reviewing  the  question  of  the  affinities  of  Cephalaspis 
and  Pteraspis,  in  a  paper  read  before  our  Society,  he  refers  to  the 
opinion  expressed  by  Kner,  that  C.  Lloydii  and  C.  Lewisii  should  be 
separated  from  the  other  species  belonging  to  that  genus,  and  placed 
in  a  new  genus,  Pteraspis,  which,  however,  he  considered  a  genus  of 
Cephalopods,  and  not  of  Fishes.  Roemer  again  more  recently  ex- 

pressed an  opinion  that  the  Pteraspides  are  Crustacea ;  but,  after  a 
careful  microscopical  examination  of  the  shields  of  Cephalaspis  and 
Pteraspis,  Professor  Huxley  has  fully  established  the  ichthyic  charac- 

ter of  Pteraspis,  whilst  at  the  same  time  he  proves  its  just  claim  to 
be  considered  a  distinct  genus ;  so  that  this  paper  was  a  valuable 
confirmation  of  that  of  Sir  Philip  Egerton. 

The  importance  of  this  inquiry  of  Professor  Huxley  had  been  stated 
by  anticipation,  and  with  his  characteristic  modesty,  by  Sir  Philip 

Egerton,  who  observed,  towards  the  close  of  his  remarks,  "  much 
remains  to  be  done  with  reference  to  the  structural  anatomy  and  true 

affinities  of  this  curious  family — subjects  far  beyond  my  grasp,  but 
which  I  trust  ere  long  will  be  grappled  with  by  Professor  Huxley, 
who  has  already  bestowed  some  time  upon  them,  and  than  whom 
no  one  is  better  qualified  for  bringing  the  inquiry  to  a  successful 

issue." 
Associated  with  the  specimens  described  by  Sir  Philip  Egerton, 

were  portions  of  jaws  resembling  Plectrodus  mirabilis  rather  than 
P.  pleiopristis,  an  Ichthyodorulite  resembling  Onchus  Murcliisoni, 
and  another,  hitherto  undescribed,  which  diifers  from  the  genus  On- 

chus as  now  restricted,  and  in  some  characters  approximates  to  the 
spines  of  Ctenacanihus  and  Erismacanthus  ;  Sir  Philip,  however,  offers 

a  proper  caution  as  to  a  reliance  upon  the  forms  of  spines  in  deter- 
mining specific  differences.  Sir  Roderick  Murchison  added  a  few 

useful  remarks  on  the  relative  position  of  the  Ludlow  strata  which 
had  supplied  the  fossils  described  by  Sir  Philip  Egerton,  as  a  note  to 
his  paper.  In  the  section  of  the  railway- cutting-  north  of  Ludlow, 
some  of  the  highest  beds  of  the  Ludlow  Pock  have  been  brought,  by 

an  up-cast,  immediately  in  contact  with  the  Old  Eed  Sandstone,  consti- 
tuting a  small  insulated  mass,  which  is  younger  than  and  distinct  from 

the  bone-bed  of  the  Upper  Ludlow  Rock,  described  in  the  '  Silurian 
System ;'  for,  whilst  the  bone-bed  is  overlaid  by  the  Downton-Castle 
building- stone  and  other  grey  strata  which  constitute  the  loAver  por- 

tion of  the  tilestones,  the  Railway-band,  about  6  feet  thick,  is  con- 
formably surmounted  on  the  south-east  by  micaceous  sandstone  and 

red  shale  or  marl.  Though,  however,  higher  in  the  series,  this  thin 
vol.  xrv.  g 
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band  still  contains  some  characteristic  fossils  of  the  lower  course,  such 

as  Plectrodus,  Onclius  Murchisoni,  and  Lingula  cornea :  it  contains  a 

large  majority  unknown  in  any  inferior  stratum,  viz. — Cephalaspis 
omatus,  Eg.,  a  species  of  which  Sir  Philip  expresses  a  belief  that  fu- 

ture specimens  may  reveal  further  characters,  and  lead  to  its  union 

with  C.  Murchisoni ;  Auchenaspis  Salteri,  Eg. ;  Onclius  or  Byssacan- 
thus;  Pterygotus  anglicus,  Ag.,  and  Eurypterus  pygmceas,  Salter; — 
the  last  two  fossils  having  been  recognized  by  Mr.  Salter,  who  will 
describe  them  in  the  Survey  Decades.  Sir  Roderick  points  out  the 
manner  in  which  the  strata  are  so  obscured  by  drift,  that  they  can  only 

be  discovered  here  and  there  in  the  river-bank,  where  the  water  is  very 
low,  and  hence  suggests  that  the  Railway-band,  though  its  interme- 

diate range  is  concealed  by  detritus,  may  yet  be  discovered  in  the  banks 
or  in  the  bed  of  the  Teme.  A  fossil-band,  called  the  Grit-bed,  com- 

posed of  a  whitish-grey  micaceous  sandstone,  was  discovered  by  Mr. 
Lightbody  higher  in  the  series :  it  contains  several  of  the  fossils  which 
have  been  mentioned,  together  with  fragments  of  Crustacea  and  copro- 
lites ;  and,  as  amongst  its  fossils  some  of  those  most  characteristic 

of  the  lowest  of  the  bone-beds  are  found,  it  might  at  first  be  sup- 
posed to  exhibit,  though  associated  with  red  and  green  marls,  the 

last  remnant  of  Silurian  life,  were  it  not  that  other  fossils  show  that 
it  marks  a  passage  upwards  into  the  Old  Red  or  Devonian  system, 
and  forms,  in  fact,  the  uppermost  layer  of  the  tilestones,  whilst 
the  red  marls,  sandstones,  and  cornstones  which  follow,  with  the 
Cephalaspis  Lyellii,  Pteraspis  Lloydii,  &c,  form  the  great  overlying 
masses  of  Old  Red  Sandstone.  The  determination  of  the  true  ge- 

neric position  of  fossils  must  always  be  an  important  element  towards 
the  accurate  identification  of  strata ;  but  with  every  aid  there  must 

be  many  difficulties  in  settling  the  true  age  of  strata  which  are  con- 
nected with  a  drift-period;  and  the  observation,  therefore,  of  Sir 

Roderick  in  respect  to  the  tilestones  of  Shropshire  and  Herefordshire, 
M  that  they  may  be  classed  either  with  the  Silurian  or  the  Devonian, 

according  to  the  predominance  of  certain  fossils,"  is  both  just  and 
philosophical. 

A  conjoint  paper  by  Sir  Philip  Egerton  and  the  Rev.  P.  B.  Brodie 
contains  an  account  of  the  discovery,  by  the  latter  geologist,  of  a  new 
species  of  Palceoniscus  in  the  Upper  Keuper  Sandstone,  at  Rowington, 
near  Warwick,  and  a  careful  ichthyological  description  of  it  by  Sir 
Philip.  In  this  he  points  out  the  difference,  as  regards  the  remote 
position  of  the  dorsal  fin,  which  separates  it  from  all  the  other  known 
species  of  the  genus  except  the  little  P.  catopterus  of  Roan  Hill, 
county  of  Tyrone,  Ireland,  formerly  considered  to  belong  to  the  New 
Red  Sandstone,  but  now  transferred,  as  other  supposed  portions  of 
the  same  formation  have  been,  to  the  Permian.;  Though  the  speci- 

men was  not  perfect,  Sir  Philip  considered  it  sufficient  to  prove  that 
it  was  a  true  heterocercal  fish,  and  not  one  exhibiting  a  transition 
between  the  heterocercal  character  of  Permian  and  other  earlier 

strata,  and  the  homocercal  character  of  the  Liassic  fish.  The  dorso- 
ventral  scales  are  arranged  in  gentle  curves,  which  give  an  appear- 

ance of  much  elegance  to  the  species,  which  is  named  by  Sir  Philip 
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P.  sivperstes,  as  being  probably  the  last  surviving  representative  of  a 

genus  "  which  occupied  so  important  a  place  in  the  fauna  of  the 
Carboniferous  and  Permian  epochs."  The  Rev.  Mr.  Brodie  also 
states  that  "  another  and  entire  fossil  fish  has  been  obtained  from 
the  Keuper  Sandstone,  but  that  the  possessor  has  not  yet  been  per- 

suaded to  place  it  in  the  hands  of  a  palaeontologist  for  examination 

and  description."  He  mentions  also  the  discovery  of  more  vegetable 
remains,  amongst  which  are  several  which  appear  to  be  the  calyces 

of  some  flowering  plant.  The  occurrence  of  so  many  vegetable  im- 
pressions in  beds  so  closely  associated  with  those  containing  the  fossil 

fishes  in  this  locality,  and  the  similar  occurrence  of  Posidonia  minutely 
now  considered  by  some  able  palaeontologists  as  a  Crustacean 
(Estheria),  seem  to  suggest  a  freshwater  habitat  for  the  genus  Palaio- 
niscus ;  and  I  will  only  add  that  the  analogy  in  anatomical  structure 
of  extinct  with  existing  fishes  is  not  always  sufficient  to  prove  that 
the  medium  in  which  they  lived  must  have  been  the  same. 

The  next  paper  was  one  pregnant  with  interest,  as  it  brought 
before  us  proofs  of  a  terrestrial  fauna  in  the  Purbeck  region,  which 
had  been  previously  represented  only  by  the  fossil  mammifer  named 
and  described  by  Professor  Owen  as  Spalacotherium  tricuspidens,  a 
small  insectivorous  form,  referred  with  some  hesitation  to  the  Placen- 

tal series.     It  was  discovered  by  Mr.  W.  It.  Brodie  in  one  of  the 
dirt-beds  of  Durdlestone  Bay,  Purbeck  ;  and  the  same  observer  after- 

wards found  other  mammalian  remains,  also  in  a  dirt-bed,  which  he 
forwarded  to  Professor  Owen  for  description.  Mr.  Samuel  H.  Beclvles, 
who  had  already  gained  much  experience  by  his  researches  in  Sussex 
and  the  Isle  of  Wight,  now  entered  on  the  field,  and  being  encouraged 
and  assisted  by  the  judicious  advice  of  Sir  C.  Lyell,  who  has  always 
maintained  that  the   non-discovery  of  the  remains    of  terrestrial 
animals  is  no  decided  proof  that  they  had  not  existed,  proceeded  to 
Swanage  to  commence  that  close  and  steady  search  for  mammalian 
remains  which  has  resulted  in  the  discovery  of  what  would  be  con- 

sidered a  rich  local  terrestrial  fauna,  even  in  the  present  state  of  the 
earth,  some  reptilian  remains  having  been  mixed  with  those  of  the 
mammals.     The  whole  collection  has  now  been  submitted  to  Pro- 

fessor Owen  for  his  final  examination  and  description  ;  but  in  the  first 

instance  they  were  wisely  sent  to  Dr.  Falconer,  who,  being  able — as  a 
consequence,  I  am  sorry  to  say,  of  frequent  confinement  to  his  house 
by  ill  health — to  devote  his  immediate  attention  to  them,  was  in  a 
eondition  to  give  Mr.  Beckles  useful  hints  in  the  progress  of  his  search. 
Dr.  Falconer  soon  recognized  no  less  than  seven  or  eight  genera 

of  Mammalia,  some  of  them  unquestionably  Marsupials,  both  preda- 

ceous  and  herbivorous,  others,  in  Dr.  Falconer's  opinion,  more  pro- 
bably Placental  Insectivora,  having  affinities,  more  or  less  remote, 

to  existing  types.     Having  been  requested  by  Mr.   Beckles  to  de- 
scribe one  of  the  most  remarkable  genera,  as  a  contribution  to  the 

Supplement  of  Sir  C.  Lyell's  '  Manual,'  then  about  to  be  published,  Dr. 
Falconer  favoured  the  Society  with  a  more  detailed  statement  of  the 
result  than  was  necessary  for  the  former  purpose. 

The  genus  Plagiaulace  (being  an  abbreviation  of  Plagiaulaeodon, 

</2 
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fromplagios,  "  oblique,"  and  aidax,  "  groove,"  in  reference  to  the  dia- 
gonal grooving  of  the  premolars)  has  been  established  by  Dr.  Falconer; 

and  he  has  been  already  enabled  to  distinguish  two  species,  one  named 
P.  Becklesii  in  commemoration  of  the  zealous  discoverer  of  the  speci- 

mens upon  which  it  is  founded,  and  P.  minor.  Dr  Falconer  points 
out  that  the  coronoid  process  in  Plagiaidax  resembles  more  that  of 
the  predaceous  Marsupials,  and  especially  of  the  Ursine  Dasyurus, 
than  it  does  that  of  the  herbivorous  families,  differing  in  a  marked 

degree  from  the  elevated  strap- shaped  coronoid  of  Hypsiprymnus, 
though  at  the  same  time  being  less  elevated  than  in  the  preda- 

ceous genera  whether  marsupial  or  placental;  but,  after  a  more 
careful  investigation  of  the  question  of  affinity  in  every  direction,  he 
concludes  that  Plagiaidax  may  be  considered  as  a  marsupial  form  of 
Rodent,  constituting  a  peculiar  type  of  the  family  to  which  Hypsi- 
prymnus  belongs.  The  genus  must  have  presented  a  form  to  which 
there  is  nothing  exactly  similar  in  living  marsupials. 

It  may,  he  observes,  for  aught  which  can  be  asserted  to  the  contrary, 
have  had  the  volant  habits  of  the  Flying  Phalangers,  and  have  flitted 
from  tree  to  tree  among  the  Oolite  forests  by  means  of  parachute-like 
folds  of  the  skin.  The  species  were  probably  herbivorous  or  frugivo- 
rous  like  the  Kangaroo-rats ;  but  there  is  nothing  in  their  teeth  to 
show  that  they  were  either  insectivorous  or  carnivorous.  The  largest 
species  was  about  the  size  of  a  squirrel,  the  other  much  smaller. 
Professor  Owen  has  designated  another  form  by  the  generic  name  of 
Triconodon,  so  that  at  present  there  Are  three  described  Mammalian 

Purbeck  genera — Spalacotherium,  Triconodon,  and  Plagiaidax.  Dr. 
Falconer  also  points  out  the  remarkable  resemblance  between  the 
molar  teeth  of  Plagiaulax  minor,  and  those  of  the  Triassic  genus 
Microlestes  antiquus  of  Plieninger ;  and  this  resemblance  may  help  to 
settle  the  true  character  of  the  Microlestes,  supposed  by  some  to  be 
predaceous,  by  others  to  approximate  to  an  omnivorous  or  omni- 
voro-insectivorous  type. 

Dr.  Falconer  further  remarks  in  respect  to  the  speculative  views  of 

palaeontologists, — that,  whilst  they  do  not  consider  that  there  is  any 
satisfactory  evidence  of  a  progressive  serial  development  from  the 
lower  to  the  higher  forms,  there  has  been  another  form  of  serial  pro- 

gression, namely,  from  the  general  to  the  special,  the  animals  of  the 
older  period  being  more  perfect  in  respect  to  an  archetype,  or,  as  it  may 
be  called,  a  normal  type,  whilst  by  degrees  there  is  a  divergency  from 
this  archetype,  in  order  to  assume  a  more  special  character,  and  to  pro- 

gress towards  a  special  adaptation  to  new  circumstances  or  conditions 
of  life.    Now  Plagiaulax  is,  as  Dr.  Falconer  observes,  the  oldest  her- 

bivorous mammal  yet  discovered ;  and  yet,  so  far  from  adhering  to  the 
general  archetype,  it  is  far  more  specialized  than  are  any  of  the 
Marsupials,  whether  fossil  or  recent,  exhibiting  characters,  at  the 
earliest  epoch,  which  ought  rather  to  have  been  found  in  animals 

of  the  existing  epoch, — a  fact,  therefore,  which  is  entirely  at  va- 
riance, in  his  opinion,  with  the  theoretical  views  to  which  I  have 

alluded  in  speaking  of  the  paper  of  Professor  Owen.     The  case  is 
one  of  difficulty ;  and  I  will  only  repeat  that  it  cannot  be  explained 
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by  the  supposition  of  any  exceptions  to  a  primary  law  of  nature  or 
of  organization. 

Two  other  communications  of  Dr.  Falconer  were  on  the  species  of 
Mastodon  and  Elephant  found  fossil  in  Britain, — the  first  paper  relat- 

ing to  the  Mastodon-remains  of  the  Norwich  or  Bed  Crag,  all  of  which 
are  referred,  so  far  as  present  knowledge  permits  their  identification,  to 

one  species — the  M.  (Tetralophodon)  arvernensis  of  Cuvier  and  Jobert, 
a  pliocene  form.  In  a  similar  manner  he  examines  the  species  of  Ele- 

phants, and  shows  that,  associated  with  the  Mastodon  arvernensis, 
occur  Elephas  meridionalis  and  E.  antiquus,  as  well  as  Rhinoceros  lep- 
torhinus  and  Hippopotamus  major, — an  association  the  same  as  that  of 
the  Yal  d' Arno,  or  of  the  Subapennines  ;  and  this  of  course  excludes 
the  opinion  which  had  been  advocated  by  many,  that  there  was  really 
only  one  species  of  Elephant,  E.  primi genius,  extending  over  both 
miocene  and  pliocene  formations. 

So  far,  indeed,  from  admitting  only  one  species  of  Elephant  in  the 
deposits  of  Europe,  and  therefore  assuming  that  the  same  species  had 
been  contemporary  with  two  species  of  Mastodon,  Dr.  Falconer  con- 

siders that  he  has  fully  established  four  qhstinct  species,  and  further 

proved  that  the  several  species  of  Elephant,  as  well 'as  the  species  of 
Mastodon,  are  limited  to  peculiar  formations  in  so  marked  a  manner 
as  to  justify  him  in  ascribing  a  higher  value  to  them  and  to  other 

air-breathing  animals,  for  determining  geological  epochs,  than  to 
the  relics  of  Mollusca  or  other  marine  animals. 

To  effect  so  important  an  object  as  is  implied  by  this  deduction, 
it  was  manifestly  necessary  that  the  most  careful  scrutiny  should  be 
applied  to  the  determination  of  the  true  characters  both  of  genera 
and  species.  In  treating  of  the  Mastodon,  Dr.  Falconer  had,  for 
example,  pointed  out  that  the  obscurity  which  had  crept  over  the 
determination  of  the  faunse  of  the  Miocene  and  Pliocene  periods  was 
the  necessary  result  of  the  fusion  of  several  really  distinct  forms, 
belonging  to  different  geological  ages,  into  one  species — the  Mastodon 
angustidens ;  and  in  like  manner  he  shows  that  the  same  confusion 
has  existed  in  reference  both  to  the  geographical  range,  and  period 
of  existence  as  a  species,  of  Elephas  primi genius,  or  the  Mammoth, 
which,  having  been  quoted  as  existing  at  the  time  of  the  deposition 
of  both  the  lower  and  upper  pliocene  beds,  and  also,  when  the  post- 
pliocene  glacial  gravels  were  distributed,  must  have  continued  its 
existence  over  a  vast  extent  of  time  and  space,  in  spite  of  the  con- 

vulsions which  had  attended  the  elevation  of  the  Alps,  Apennines, 
and  Pyrenees,  and  given  rise  to  the  present  geographical  contour  of 
the  European  area.  In  order  to  unravel  this  confused  jumble  of  many 
species  into  one,  Dr.  Falconer  points  out  the  peculiarities  of  dentition, 
and,  assuming  these  peculiarities  as  permanent,  or,  in  other  words, 
as  depending  on  an  organic  law,  not  on  a  mere  casual  modification, 
he  explains  the  characters  on  which  several  subgenera  have  been 
established,  and  shows  that,  just  as  Tetralopliodon  arvernensis  had 
been  separated  from  Mastodon  (Trilophodon)  angustidens,  so  also 
must  Elephas  (Euelephas)  primigenius  be  separated  from  Loxodon 
meridionalis,  L.  priscus,  and  Euelephas  antiquus,  however  near  to 
each  other  in  some  respects  they  may  be. 
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By  this  reasoning,  then,  it  appears  that  the  following  genera  are 
grouped  together  in  the  older  pliocene  deposits  of  several  important 
localities:  viz.  Piedmont  and  Lombardy — Trilophodon  Borsoni,  Te- 

tralophodon arvernensis,  Loxodon  meridionalis,  L.  priscus,  Euelephas 
antiquus,  together  with  Rhinoceros  leptorhinus  and  Hippopotamus 

major.  In  the  Subapennine  beds  of  the  Val  d'Arno,  in  Tuscany — 
Tetralophodon  arvernensis,  Loxodon  meridionalis,  with  the  same 
Hippopotamus  and  Rhinoceros.  Near  Chartres  in  Prance — Loxodon 
meridionalis  with  the  same  Hippopotamus  and  Rhinoceros.  In  the 

Crag  deposits  of  the  Eastern  coast  of  England — Tetralophodon 
arvernensis,  Loxodon  meridionalis,  Euelephas  antiquus,  associated  at 
Cromer  and  other  places  in  Norfolk,  as  well  as  in  the  Yalley  of  the 

Thames,  with  Rhin.  leptorhinus,  and  Hipp,  major ;  so  that  the  re- 
semblance between  the  two  extreme  localities  is  even  greater  than 

between  either  of  them  and  the  intermediate. 

On  the  north  of  the  Alps,  the  regular  characteristic  fauna  of  the 

Pliocene  epoch  becomes  confused  by  the  introduction  of  species  fo- 
reign to  it,  proceeding  from  the  erratic  drift,  in  some  cases  a  glacial 

drift ;  and  this  has  been  the  case  also  in  proximity  with  the  newer 

gravels  of  England,  so  that  the  Euelephas  primigenius,  the  Mam- 
moth of  the  Siberian  glacial  period,  the  R.  tichorhinus,  and  the  Musk 

Ox  (Bubidus  moschatus)  of  the  Post-pliocene  fauna  have  been  acci- 
dentally mixed  with  the  fauna  of  the  Pliocene.  Whilst,  however, 

thus  separating  the  fauna  of  the  true  Post-pliocene  beds  from  that  of 
the  Pliocene,  Dr.  Ealconer  considers  that  the  chronological  subdivi- 

sion of  the  Upper  Tertiaries  into  Older  Pliocene  and  Newer  Pliocene 
or  Pleistocene  is  untenable,  as  he  considers  too  great  a  stress  has 

been  laid  upon  shell-evidence — at  the  same  time  stating  that  he  is 
far  from  supposing  that  all  the  species  of  this  remarkable  fauna  ranged 
equally  throughout  the  area,  as  it  is  at  least  probable  that  some 
were  peculiar  to  the  south,  and  others  to  the  north.  The  appa- 

rent restriction,  indeed,  of  E.  primigenius  to  the  region  north  of 
the  Alps,  in  Europe,  and  again  to  the  Northern  and  Central  States  of 
North  America,  is  a  fact  of  great  importance,  whilst  the  occurrence 
of  the  Hippopotamus  gives  a  fair  indication  of  the  climatal  and 
physical  conditions  of  the  country. 

A  short  paper  of  Mr.  "W*.  Bollaert,  F.R.G.S.,  on  the  occurrence  of bones  of  Mastodon  in  Chili,  was  communicated  by  Professor  Owen, 
who  states  that  the  fragments  of  bone  taken  from  the  Lake  of  Tagua- 
tagua,  45  leagues  south  of  Santiago  de  Chili,  are  parts  of  a  femur 
and  tibia  of  a  Mastodon,  probably  M.  Andium,  Cuvier.  Mr.  Bol- 

laert observes  that  few  instances  of  the  discovery  of  fossil  bones  on 
the  western  side  of  the  Andes  have  been  recorded,  and  that  he  had 

been  unable  to  discover  any  traces  of  such  bones,  either  on  the  Isth- 
mus of  Darien,  where  many  railway- cuttings  were  in  progress,  or  on 

his  journey  southward  to  Chili,  until  his  friend,  the  British  Consul 

at  Santiago,  Mr.  George  Smith,  presented  him  with  the  above  speci- 
mens which  he  had  himself  taken  from  the  Lake  Taguatagua.  The 

lake  is  2300  feet  above  the  bed  of  the  Pacific  Ocean,  and  is  surrounded 

by  very  high  hills,  called  the  Borbollon,  of  volcanic  origin,  the  high- 
est peak  rising  to  the  height  of  7000  feet  above  the  margin  of  the 
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lake.  It  receives  no  streams  from  the  mountains,  but,  being  Supplied 
from  springs,  is  generally  as  full  in  summer  as  in  winter,  and  appears 
to  Mr.  Smith  to  be  the  exhausted  crater  of  a  volcano.  In  cutting  a 
ditch  from  the  lake  towards  the  mountains,  the  fossil  bones  were 
found  at  the  depth  of  30  feet,  the  first  animal  discovered  being  almost 
perfect,  excepting  the  head,  and  another  skeleton  of  smaller  size  being 
very  near  it.  Mr.  Smith  found  fossil  branches  of  trees  in  the  same 
trench ;  and  as  its  width  was  only  12  feet,  he  naturally  concluded 
that  a  wider  excavation  in  the  alluvial  soil  would  have  yielded  the 

remains  of  other  individuals,  and  in  consequence  suggests,  "  may  not 
herds  of  these  creatures  have  been  destroyed  whilst  feeding  on  what 

at  that  time  was  an  extended  plain  ?"  The  teeth  of  one  of  these 
animals  are  in  the  museum  at  Santiago ;  and  there  can  be  no 
doubt  that  the  skill  of  a  Falconer  would  be  enabled  to  determine 

whether,  in  South  America  also,  there  is  a  difference  between  the 
Mastodons  of  the  East  and  West,  the  M.  Andium  having  been  found 
both  east  and  west  of  the  Andes,  in  Peru  and  Chili,  and  the  M. 
Humboldtii  in  Buenos  Ayres  and  Brazil,  or  entirely  to  the  east. 
Without  doubt,  this  wide  distribution  in  the  ancient  fauna  of  a  type 
of  organization  so  comparatively  restricted  at  present  in  its  range,  is 
one  of  the  most  curious  natural-history  phenomena  which  the 
researches  of  geology  have  brought  to  light. 

In  the  class  Crustacea,  two  additions  have  been  made  to  our  know- 
ledge, both  of  which  are  interesting,  as  tending  to  approximate  the 

faunae  of  past  epochs  to  that  of  the  present, — a  remark  I  have  fre- 
quently on  preceding  occasions  been  led  to  make.  The  one  is  a 

Decapod  from  the  Lias  Bone-bed,  described  by  Mr.  C.  Gould  of 
the  Geological  Survey,  to  which  it  had  been  confided  for  exami- 

nation by  Mr.  E.  Higgins,  of  Birkenhead.  Mr.  Gould  after  describ- 
ing carefully  the  specimen,  investigates  the  affinities  of  the  fossil 

individual  to  known  genera  and  species,  and  points  out  in  what  respects 
it  resembles,  and  in  what  it  differs  from,  the  several  great  divisions  of 
the  Macrura ;  he  then  states  that,  although  there  is  an  affinity  in  some 
respects  with  the  genera  Nephrops  and  Scyllarus,  he  does  not  think 
the  evidence  sufficient  for  assigning  it  to  those  or  any  existing  genus 
of  Macrura,  and  he  therefore  constitutes  a  new  genus  for  its  reception. 

The  names  assigned  to  it  are  Tropifer  Icevis, — the  generic  term  (from 

rpoiris,  "keel")  expressing  the  keeled  character  of  the  carapace,  and 
the  specific  its  general  smoothness.  The  eyes  are  large  and  remote, 
and  the  abdomen  flattened  and  sculptured. 

The  next  was  derived  from  the  Coal-measures,  and  is  the  result 
of  the  examination,  by  Professor  Huxley,  of  three  specimens,  two  of 
which  belong  to  Mr.  R.  S.  Cooper,  of  Bilston,  and  the  third,  being  the 
most  perfect,  to  the  Manchester  Museum,  which  were  obtained  from 
the  Coal-shales  at  Midlock  Park  Bridge.  Professor  Huxley  describes 
minutely  the  structural  peculiarities  of  the  specimens,  and  explains  the 

difficulty  of  even  deciding  "which  end  was  the  head,  and  which  the 
tail,  and  whether  the  surface  exposed  to  view  was  the  ventral  or  the 

dorsal."  Assuming  the  dorsal  surface  to  be  in  view,  his  first  im- 
pression was,. that  the  form  combined  the  characters  of  several  orders 
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of  Crustacea.  Taking,  however,  into  account  all  the  objections  to  so 
anomalous  an  interpretation,  he  next  reversed  his  hypothesis,  and 

assumed  "  the  quadrate  disk  to  be  the  head,  the  hemispherical  disk 
to  be  the  caudal  extremity,  and  the  exposed  face  to  be  ventral, — a 
supposition  which,  though  still  not  free  from  difficulty,  exhibited, 
on  a  comparison  of  the  specimens  with  the  Mysis  or  Opossum- 
shrimp  of  our  own  sea,  such  curious  points  of  resemblance  as  could  not 
be  considered  merely  accidental ;  and  he  therefore  concludes  that  the 
Pygocephalus  Cooperi,  which  is  the  name  he  adopts,  is  probably  more 
nearly  allied,  notwithstanding  an  approximation  in  some  respects  to 
the  Squillidce,  to  the  Mysis  than  to  any  other  existing  form,  that  it 
is  therefore  a  Podophthalmous  Crustacean,  and  may  safely  be  assigned 
a  place  among  either  the  lower  Decapoda  or  the  Stomapoda,  affording 
the  first  certain  evidence  of  the  existence  of  Podophthalmia  at  so 
early  a  period  as  the  Carboniferous  epoch. 

In  another  paper,  Professor  Huxley  described  a  new  species  of 
Plesiosaurus,  procured  at  Street,  near  Glastonbury,  and  now  in  the 

Museum  of  Practical  Geology,  Jermyn-street.  As  this  species  will 
be  described  at  length  in  the  Decades  of  the  Geological  Survey,  the 
object  of  Professor  Huxley  was  principally  to  point  out  the  peculiar- 

ities of  the  atlas  and  axis,  and  of  the  cranium  of  that  genus.  The 
species  resembles  most  P.  Hawhinsii,  and  is  about  the  same  size, 
being  between  seven  and  eight  feet  long  ;  but  it  has  53  cervico-dorsal 
vertebrae,  of  which  30  are  cervical,  whilst  in  P.  Hawhinsii  there  are 

31  cervical,  and  at  least  23  dorsal.  The  species  is  therefore  charac- 
terized as  having  53  cervico-dorsal  vertebrae,  by  a  cranium  not  more 

than  y^th  of  the  length  of  the  body,  the  30  anterior  vertebrae  being 
fully,  or  more  than,  four  times  the  length  of  the  cranium.  It  has 
been  named  P.  Etheridgii.  The  atlas  and  axis  are  (as  stated  by 
Professor  Owen  to  be  characteristic  of  the  genus)  anchylosed ;  but 
their  structure  is  very  different  from  that  exhibited  in  the  genus 
Ichthyosaurus,  and  more  nearly  resembles  the  corresponding  parts  of 
the  Crocodile. 

Professor  Huxley  then  pointed  out  the  many  points  of  structural 
correspondence  between  Plesiosaurus  and  Teleosaurus,  and  questions 
the  accuracy  of  the  very  backward  position  of  the  posterior  nares 
ascribed  to  Plesiosaurus,  which  would  be  in  opposition  to  such  an 
analogy,  as  the  posterior  nares  in  Teleosaurus  are  far  more  forward 
than  in  Gavialis,  and  in  the  Gavial  more  forward  than  in  the  Cro- 

codile. He  thinks  it  therefore  more  probable  that  the  so-called 
posterior  nares  of  Plesiosaurus  correspond  with  the  deep  fossae  on 
cither  side  of  a  prominent  median  ridge  visible  on  the  under  surface 
of  the  basi-sphenoid  of  Teleosaurus.  Some  other  structural  analogies 
between  Teleosaurus  and  Plesiosaurus  were  noticed ;  and  Professor 
Huxley  stated  that  in  many  respects  the  Teleosaurus  appeared  to 
afford  a  link,  before  not  noticed,  between  the  long-necked  Enalio- 
saurus  and  the  existing  Crocodile,  a  conclusion  in  the  interest  of 
which,  when  the  relations  of  time  are  considered,  the  genus  Plesio- 

saurus must  manifestly  share. 
In  respect  to  the  ancient  flora,  Mr.  Salter  has  submitted  a  notice 
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of  some  terrestrial  plants  from  the  Old  Eed  Sandstone  of  Caithness, 

the  specimens  being,  however,  merely  fragments,  and,  as  such,  only- 
capable  of  an  approximate  determination.      The  best  have  been  lent 
for  examination,  by  Mr.  John  Miller,  of  Thurso ;  and  Mr.  E.  Dick  has 
materially  added  to  the  discoveries.    Similar  plants  have  been  found 

at  Wick  by  Mr.  C.  "W.  Peach,  and  by  Dr.  Hamilton  in  Orkney.    All the  collections  have  passed  under  the  observation  of  Mr.  Salter.  The 

fossils  are  preserved  in  hard,  grey,  sandy  nag-stones,  many  of  which 
are  marked  by  Annelide  borings  ;  and  it  was  suggested  by  the  late 
Hugh  Miller,  that  these  strata  had  been  accumulated  on  an  extremely 
level  muddy  shore  :  some  appear  to  have  been  fragments  of  large 
stems,  occasionally  three  feet  long,  and  are  straight  and  finely  fluted; 
others,  which  are  curved  and  occasionally  branched,  were  probably 
roots.     They  are  highly  bituminized,  and  divided  by  oblique  lines, 
evidently  due  to  mineral  structure.     From  compression,  the  silex 
stands  out  in  relief,  and  the  resulting  impressed  lines  may  be  mistaken 
for  marks  of  organic  structure,  similar  lines  noticed  by  Dr.  Hooker 
in  calamites  from  near  Lerwick  having  been  ascribed  by  him  to 

"pressure  during  silicification."     The  large  stems  are  considered  by 
Mr.  Salter  to  have  belonged  to  Coniferous  wood,  and  the  structure,  or 
thick  woody  envelope,  sirrrounding  a  central  pith,  to  be  allied  to  that 

of  the  Dadoxylon  of  the  Coal-measures ;  and  in  confirmation  of  his 
opinion,  Mr.  Salter  refers  to  the  authority  of  Professor  Quekett,  who 
examined  for  him  microscopically  some  sections,  and  found  the  ordi- 

nary Coniferous  structure, — namely  wood-fibres  dotted  with  disks, 
which  appear  to  have  been  in  alternating  double  rows,  as  in  the 
modern  Araucaria.     The  dotted  structure  distinguishes  the  speci- 

mens from  other  fragments  of  fossil- wood  without  disks,  described 
by  Professor  Unger.     Some  smaller  branches,  bearing  branchlets  at 
intervals,  are  referred  to  the  same  plants.     Some  of  the  supposed 
rootlets  are  marked  by  tubercles,  as  are  the  roots  of  many  Conifera, 

and  cannot,  in  Mr.  Salter's  opinion,  be  ascribed  to  marine  plants.  Of 
Lycopodiaceous  plants,  Mr.  Salter  names  one  Lycopodites  Milleri ;  and 
the  other  he  thinks  may  be  Lepidodendron  nothum,  Unger,  though  not 
exactly  agreeing  with  the  figure  given  by  Unger,  which,  however, 
appears  to  represent  the  cicatrices,  not  the  leaves  themselves.     Pro- 

fessor Unger  considered  his  plants  as  constituting  a  new  type,  and 
they  came  from  the  Upper  Devonian  of  Germany,  whereas  the  strata 
from  which  the  fossils  described  by  Mr.  Salter  were  derived  have 
been  determined  by  Professor  Sedgwick  and  Sir  E.  T.  Murchison  to 
belong  to  the  Middle  Devonian,  and  were  associated  with  the  genera 
of  fishes  Dipterus  and  Diplopterus.  An  interesting  note  was  appended 
by  Mr.  John  Miller,  descriptive  of  the  Devonian  beds  of  Caithness, 
which  had  yielded  these  plants. 

Mr.  C.  J.  P.  Bunbury,  P.E.S.,  has  taken  advantage  of  an  interest- 
ing fossil  specimen  of  the  genus  Neuropteris  from  the  Coal-measures 

of  Lancashire,  to  throw  some  light  upon  the  true  character  of  that 
genus.  He  points  out  the  extreme  rarity  of  specimens  of  young 
half-expanded  fronds  of  Perns,  showing  the  characteristic  circinate 
vernation.      Those  hitherto  figured  have  belonged  to  the  genus 
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Pecopteris ;  but  the  present  specimen  exhibits  a  well-marked  example 
of  the  circinate  condition  in  Neuropteris,  and  proves  that  it  did  not 
belong  to  the  Coniferous  order.  The  only  flowering  plants  which  can 
be  compared  with  Eerns  in  this  respect  are  the  Cycadece ;  and  Mr. 
Bimbury  admits  the  difficulty  of  deciding,  in  the  absence  of  fructifi- 

cation, whether  Neuropteris  may  not  have  belonged  to  that  family, 
though  it  is  far  more  probable,  from  all  the  observable  characters,  that 
these  plants  were  true  Perns  :  the  present  specimen  he  considers  to 
belong  to  N.  gigantea.  Mr.  Bunbury  concluded  his  paper  by  stating 
that  the  genus  is  principally  characteristic  of  the  Coal-measures, — no 
genuine  species  from  a  formation  later  than  the  Trias  having  come 
Under  his  notice,  whilst  the  Oolitic  species  referred  to  the  genus  by 
Lindley  and  Hutton  do  not  agree  with  its  characters.  N.  Loshii  and 
JSf.  tenuifolia  appear,  he  observes,  to  be  common  to  the  Carboniferous 
and  Permian  systems ;  and  he  adds  that  the  species  have  been  too 
much  multiplied  by  describing  the  ordinary  and  possible  variations 
in  the  same  frond  as  distinct  species.  I  need  not  add  that  this 
short  addition  to  our  more  critical  knowledge  of  an  important  fossil 

genus  of  plants  exhibits  Mr.  Bunbury's  well-known  botanical  skill 
and  accuracy  of  judgment. 

Foreign  palaeontology. — Of  all  living  animals,  the  Edentata  are 
perhaps  second  only  to  the  Marsupials  in  the  interest  attached  to 
their  organization  and  habits  ;  but,  unlike  the  Marsupials,  they 
possess  another  claim  to  our  admiration,  in  the  fact  that  they  have 
not  as  yet  been  traced  beyond  what  may  be  considered  the  natural 
terrestrial  range  of  their  distribution.  We  can  still  study  the  won- 

derful organization  and  the  singular  habits  of  the  Armadillo  and  the 
Sloth  in  the  original  cradle  of  the  first  birth  of  the  order ;  and  Pro- 

fessor Owen  has  pointed  out  to  us  that  they  are  but  the  relics  of  a 
larger  fauna  characteristic  of  South  America,  and  once  enriched  by 
the  Glyptoclon,  the  Mylodon,  and  the  Megatherium.  A  memoir  upon 
the  Glyptoclon,  by  Professor  Owen,  has  appeared  in  our  Transactions ; 
and  my  object  at  present  is  to  bring  under  your  notice  a  memoir  by  M. 
L.  Nodot  of  the  Academy  of  Dijon,  and  published  in  its  Transactions. 

AL  Nodot  first  reviews  the  history  of  the  progress  of  knowledge  in 
respect  to  the  peculiar  form  of  organization  of  the  Edentata,  and 
specially  of  the  Glyptoclon,  and  justly  remarks  that  it  was  not  till  the 
great  Cuvier  had  given  so  powerful  an  impulse  to  the  study  of  fossil 
organic  remains,  that  travellers  began  to  bring  home  specimens  of 
such  relics  from  distant  countries.  We  are  all  aware  with  what 

skill  Professor  Owen  treated  the  investigation  into  the  Osteology  of 
the  remarkable  genus  Glyptoclon ;  and  M.  Nodot  states  correctly  that 
he  recognized  and  named,  from  specimens  in  the  Museum  of  the  Col- 

lege of  Surgeons,  four  species,  to  which  he  added  afterwards,  without 
describing  it,  a  fifth  species ;  but  M.  Nodot  adds  that  the  number 
has  now  been,  to  his  own  knowledge,  tripled.  He  then  proceeds  to 
describe  these  species,  making  a  wise  reservation  when  he  observes 
that,  not  being  acquainted  with  the  descriptive  characters  of  the 
three  species  named  by  Dr.  Lund  Hoplophorus  euplxraatus,  H.  JSelloi, 
&nd  H.  minor,  it  is  possible  that  he  may  have  sometimes  applied  new 
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names  to  some  of  those  species.  He  further  observes  that  one  of 
the  four  species  described  by  Professor  Owen  was  not,  in  his  opinion, 
sufficiently  known  to  be  accurately  determined,  and  ought  perhaps  to 
have  been  transferred  to  a  separate  genus. 

Mi  Nodot  had  the  advantage  of  examining  a  very  valuable  collec- 
tion of  remains  of  Edentata,  brought  home  from  South  America  in 

1846,  by  Vice- Admiral  Dupotet,  and  which  his  widow,  in  conformity 
with  his  wishes,  conferred  upon  the  Museum  at  his  untimely  death. 
The  larger  portion  of  his  collections  had  been  previously  deposited  in 
the  Museum  at  Paris ;  but  this  generous  contribution  to  the  treasures 
of  a  provincial  museum  consists  of  2000  fragments,  more  or  less 
valuable,  but  which  were  all  confusedly  packed  together  in  the  chests 
containing  them.  The  task  of  identification  and  restoration  was 
necessarily  very  great ;  but  M.  Nbdot  carried  it  on  vigorously  and 
successfully,  adopting  as  rules  for  preparatory  selection — 1st,  the 
colour  of  the  fragments  ;  2nd,  the  thickness  of  the  fragments  ;  3rd, 
the  peculiar  markings  or  figured  designs  upon  them  ;  4th,  anomalous 
forms,  tubercles,  &c. ;  by  which  arrangement  the  whole  number  of 
fragments  were  reduced  into  30  groups,  and  the  examination  greatly 
simplified,  whilst  M.  Nodot  was  enabled  by  the  same  means  to  com- 

pare the  specimens  at  Dijon  with  those  at  Paris,  and  thus  to  supply 
many  deficiencies  in  the  parts  of  the  former  by  castings  from  analo- 

gous portions  amongst  the  Paris  specimens. 
Having  thus  completed  the  reconstruction  of  his  species*  M.  Nodot 

compares  it  with  the  Glyptodon  clavipes  of  Owen,  and  notes  the  fol- 
lowing differences : — 

1st.  The  carapace  or  cuirass  is  much  more  convex  than  in  Glyptodon 
clavipes,  and  resembles  the  form  of  a  truncated  pear  more  than  of  a 
cylinder, — a  difference  which  may  be  sexual,  but  in  that  case  would 
mark  the  specimen  as  having  been  a  female. 

2nd.  Nearly  all  the  osselets  which  compose  the  cuirass  are  hex- 
agonal, whilst  in  G.  clavipes  they  are  pentagonal.  Besides,  the  cir- 

cular or  ovoidal  markings,  situated  on  the  front  of  the  central  line  of 
the  osselets  in  the  G.  clavipes,  are  on  the  posterior  extremity  in  the 
Dijon  species. 

3rd.  The  tubercles  which  form  a  border  to  the  carapace  of  G.  cla- 
vipes are  all  alike  in  form  and  size,  and  are  supported  on  two  rows 

of  osselets,  whereas  in  the  other  species  the  tubercles  are  disposed 
in  series  of  different  forms,  and  several  are  articulated  with  only  a 
single  row  of  osselets,  their  edges  being  angular  and  imbricated,  which 
gives  a  segmentary  character  to  the  sides  of  the  animal. 

4th.  The  carapace  of  the  G.  clavipes  exhibits  not  a  trace  of  an 
anterior  or  posterior  buckler,  whilst  it  is  distinctly  visible  on  the 
lower  margin  of  each  side  of  the  carapace  of  the  other. 

5th.  The  tail  of  the  G.  clavipes  is  composed  of  pieces  strongly 
articulated,  and  intimately  connected  together,  which  form  a  homo- 

geneous and  inflexible  sheath,  which  envelopes  the  vertebrae  of  the 
tail,  whilst  in  the  other  the  tail  is  merely  annulated  and  extremely 
flexible,  both  laterally  and  downwards,  having  also  a  series  of  sup- 

plementary tubercles  articulated  on  the  axial  line  of  each  ring,  of 
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which  the  probable  object  is  unknown.  On  the  basis  of  these 
distinctive  characters,  particularly  on  the  flexibility  of  the  tail,  M. 
Nodot  considers  himself  justified  in  establishing  a  new  genus,  to 
which  he  has  given  the  name  Schistopleurum  (from  g^igtos,  cut, 

7rAevpoy,  side),  in  reference  to  the  segmentation,  by  which  character 
it  is  approximated  nearer  to  the  genus  Armadillo  than  to  the  Glyp- 
todon.  I  do  not  think  it  necessary  to  follow  M.  Nodot  into  minuter 
details,  from  the  consideration  of  which  he  has  established  three 
species  of  his  new  genus,  S.  typus,  S.  gemmatum,  S.  tuberculatum, 
and  added  to  the  genus  Glyptodon  five,  viz.  G.  subelevatus,  G.  ele- 
vatus,  G.  gracilis,  G.  quadratus,  G.  verrucosus :  but  I  may  add,  he  con- 

siders that  the  genus  Hoplophorus  of  Lund  should  be  retained,  as  being 
distinct  from  the  genus  Glyptodon  of  Owen,  being  characterized  by 
its  club-shaped  tail;  and  he  therefore  names  the  G.  clavicaudatus 
H.  clavicaudatus,  which,  however,  appears  objectionable,  as  a  generic 

peculiarity  cannot  be  properly  used  as  a  specific  designation.  This 
genus  is  remarkable  for  its  great  size,  M.  Nbdot  remarking  that  he 
has  only  observed  two  species,  H.  eupliractus,  and  H.  Selloi,  both  of 
which  were  of  the  size  of  an  Ox ;  and  it  may  well  be  imderstood  how 
useful  the  short  club-shaped  tail  must  have  been  in  supporting  the 
weight,  probably  more  than  4000 lbs.,  of  so  large  an  animal,  with  its 
covering  coat  of  mail.  It  is  curious  that  all  these  three  genera  are 
linked  together  by  the  same  dental  formula,  and  by  the  same  sculp- 

tured teeth,  which  led  to  the  adoption  of  the  name  Glyptodon, — the 

number  and  kind  of  teeth  being  the  same  in  both  jaws,  viz. :  |^|=32, 

whilst  the  formula  in  the  Armadillo  is  g^=34.  This  group  does 

not  appear  to  have  ever  migrated  from  the  regions  of  South  America, 
although  the  Megatherium  wandered  more  northwards  ;  they  formed 
therefore  a  local  fauna  of  the  highest  interest,  which  is  now  only 
faintly  represented  by  the  Armadillos,  including  the  genera  Dasypus, 
Tatusia,  Xenurus.  M.  Nodot  considers,  from  the  positions  in  which 
they  are  found,  that  they  inhabited  the  Pampas,  on  the  banks  of 
rivers  or  of  fresh-water  lakes  or  pools,  where  they  doubtless  found 
an  abundance  of  those  plants  which  grow  in  damp  localities  and 
might  have  been  easily  scratched  up  by  the  slender  yet  rigid  feet  of 
these  animals.  It  would  be  unwise  to  accept  such  large  additions  to 
so  remarkable  a  group  without  strict  scrutiny ;  but  it  is  impossible 
to  read  the  memoir  of  M.  Nodot  without  the  greatest  gratification, 
and  I  may  add  that  his  views  on  classification,  and  on  the  plans 
of  organization,  are  very  ingenious.  There  appear  to  have  been,  he 
observes,  three  such  plans, — the  first,  in  which  the  body  is  equi- 

librated horizontally,  the  centre  of  gravity  corresponding  with  the 
centre  of  the  axis  which  passes  through  the  length  of  the  animal ; 
the  second,  where  the  body  is  equilibrated  vertically,  the  centre  of 
gravity  being  behind  the  centre  of  the  longitudinal  axis;  and  the 
third,  in  which  the  organization  is  sometimes  conformable  to  the  first 
type,  and  at  other  times  to  the  second. 

These  views  are  illustrated  in  reference  to  the  Mammalia  by  the 
different  modes  of  progression  of  various  animals,  as,  for  example, 
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amongst  the  Carnivora,  in  which  the  Lion  and  the  more  humble  Cat 

are  well  known  to  preserve  in  leaping  a  horizontal  position,  by  ex- 
tending forwards  their  necks  and  front  limbs,  and  backwards  their 

hinder  legs  and  tail,  and  thus  to  maintain  their  equihbrium  in  that 
direction,  which  would  be  destroyed  were  the  animal  deprived  of  its 
tail,  and  amongst  the  Solipedes  by  the  Horse,  the  neck,  limbs,  and 
tail  of  which  are  also  thrown  into  a  horizontal  position  in  leaping. 
Well  may  M.  Nodot  observe  that  he  cannot  comprehend  on  what 
principle  the  English  have  adopted  the  barbarous  practice  of  docking 
the  tails  of  horses  !  In  all  such  animals  the  tail  is  in  great  measure 
a  counterpoise ;  but  in  those  which  are  equilibrated  vertically,  it 
becomes  one  of  the  organs  of  support,  as  in  the  Marsupials,  and 
still  more  strikingly  in  the  fossil  genera  which  have  been  the  sub- 

ject of  M.  Nodot's  essay ;  and  it  is  therefore  curious  that  animals  of 
so  distinctive  a  type  of  organization  should  have  been  so  restricted 
in  distribution,  both  as  regards  space  and  time :  and  with  this 
remark  I  shall  close  my  notice  of  the  valuable  essay  of  M.  Nodot, 
which  I  trust  will  attract  the  attention  of  some  of  our  able  palaeon- 
tologists. 

In  my  last  Address,  I  commented  at  some  length  on  the  descrip- 
tion of  numerous  species  of  fossil  Chelonia  found  in  Switzerland,  by 

MM.  F.  J.  Pictet  and  Alois  Humbert,  and  which  are  relics  of  the 
organic  life  of  the  Mollasse  or  Tertiary  epoch.  During  the  last  year 
the  same  naturalists  have  been  able  to  record  the  discovery  of  a 
new  species,  found  in  the  forest  of  Lech,  near  Moirans,  in  the 
Department  of  Jura,  the  locality  being  in  the  French  territory. 
A  portion  of  the  carapace,  probably  the  dorsal,  was  observed  pro- 

jecting beyond  the  surface  of  the  rock,  by  the  peasants,  who  reported 
to  the  priest  of  a  neighbouring  village  that  it  was  the  impression 
of  the  breast  of  a  man ;  and  his  curiosity  being  excited,  he  had  it 

carefully  extracted,  and  presented  it  to  M.  Girod,  the  Vicar-general 
of  the  diocese  of  Saint-Claude.  M.  Pictet  has  named  the  fossil 

Emys  Etalloni,  after  M.  Etallon,  Professor  of  the  Lyceum  of  Saint- 
Claude,  to  whom  he  was  indebted  for  the  opportunity  of  examining 
and  describing  it.  M.  Etallon,  a  zealous  geologist,  had  also  explored 
and  studied  the  highly-fossiliferous  rocks  which  surround  that  city ; 
and  from  the  result  of  his  investigations,  M.  Pictet  concludes  that 
the  flat  on  which  Moirans  has  been  built  belongs  to  the  Upper 
division  of  the  Jurassic  Formation,  or  Portland  Oolite  section, — 
the  rock  in  which  the  specimen  was  imbedded  having  all  the  cha- 

racters which  distinguish  the  rocks  of  that  stage  in  the  Department 
of  the  Jura  and  of  the  Ain.  M.  Pictet  adds  that  the  data  are  not 

sufficient  to  bring  it  into  relation  with  the  Chelonian  Limestone  of 
Soleure. 

The  dimensions  of  this  fine  specimen  are  as  follow  : — 

Carapace. . . .   Length  1ft.  7-^in.  Breadth  1ft.  5in. 
Breastplate . .       „        1ft.  5iin. 

Depth  and  height  between  the  upper  face  of  the  "I    fi  t . 
carapace  and  lower  face  of  the  breastplate  . .  J     7 
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The  carapace  is  nearly  regularly  oval — the  anterior  extremity 
being  widely  notched,  and  the  posterior  slightly  acuminated :  it  is 
depressed  as  in  the  genus  Platemys.  The  breastplate  is  solidly  fixed 
to  the  carapace  for  about  half  its  length,  the  free  portions  being  both 
much  narrowed,  the  anterior  one  subtruncated,  and  the  posterior 
one  acuminated. 

M.  Pictet  describes  in  detail  the  bony  pieces  according  to  their 
respective  positions,  and  as  far  as  the  condition  of  the  specimen 
permits,  and  then,  having  made  the  most  of  his  materials,  discusses 
the  affinities  of  the  species.  In  respect  to  the  genus,  he  considers 
that  it  belongs,  without  doubt,  to  the  family  of  Elodites  of  Dumeiil 
and  Bibron,  but  states  that  it  is  impossible  to  refer  it  more  specially 
to  any  of  the  numerous  genera  of  the  family,  as  the  generic  characters 
of  most  of  them  are  based  on  portions  of  the  bony  structure  of  the 

animal  not  preserved  in  the  specimen,  whilst,  although  clearly  sepa- 
rated from  some  others  by  the  solid  manner  in  which  the  carapace 

and  breastplate  are  joined  to  each  other,  there  are  not  sufficient 
data  for  separating  it  from  others.  Under  these  circumstances  M. 

Pictet  thinks  it  prudent  to  retain  for  it  the  name  of  Emys,  as  ori- 
ginally defined  by  Alexander  Brongniart,  in  1803,  when  it  em- 

braced the  whole  family  of  Elodites.  M.  Pictet  gives,  however,  the 
following  diagnosis  as  a  guide  to  palaeontologists  in  estimating  the 
value  of  the  generic  characters. 

"  Bony  case  flattened  ;  breastplate  extensively  and  firmly  anchy- 
losed  with  the  carapace,  without  moveable  pieces,  perforated  with 
two  holes,  narrow  and  subtruncated  in  front,  terminated  behind  by 
a  front  not  notched ;  a  series  of  submarginal  scales  between  the 
marginal  scales  and  the  sternal  as  well  as  the  inguinal  margins  on 
each  side  ;  upper  face  of  the  marginal  pieces  very  large,  cut  by  the 

margino- costal  impression  very  near  its  exterior  edge." 
In  respect  to  species,  M.  Pictet  considers  that  it  approaches  nearest 

to  Pleurosternon  latiscutatum,  Owen,  known  only  from  the  carapace ; 
but  he  points  out  several  striking  differences  which  separate  it  from 

that  species,  although  he  thinks  it  probable  that  both  species  belong- 
to  the  same  generic  type,  and  that  the  discovery  of  the  breastplate 

of  Professor  Owen's  species  might  lead  to  its  removal  from  the  genus 
Pleurosternon.  He  explains  also  the  many  points  of  difference 
between  the  Emys  Etalloni  and  the  E.  Menkei,  Eoemer,  and  Platemys 
Mantelli,  Owen.  It  is  therefore  an  interesting  addition  to  the  fauna 
of  the  Upper  Oolite  period. 

In  addition  to  the  work  I  have  just  noticed  of  MM.  Pictet  and 
Humbert,  M.  Pictet  has  published  during  the  year  the  6th,  7th,  8th, 
and  9th  parts  of  his  contributions  towards  Swiss  Palaeontology,— 
being  a  series  of  Monographs  of  the  Possils  of  the  Jura  and  of  the 
Alps.  A  brief  abstract  of  the  species  described,  and  of  the  localities 
in  Switzerland  and  in  other  countries  where  they  have  been  dis- 

covered, will  explain  in  the  simplest  manner  the  value  of  these  por- 
tions of  a  very  important  work ;  and  it  may  be  fairly  said  that  the 

fact  of  finding  so  many  mollusca  common  to  England,  Prance,  and 
the  limited  localities  of  Perte  du  Rhone  and  Sainte  Croix,  is  of  even 
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higher  interest  than  the  discovery  of  new  species.  The  6th  and 
7th  parts  are  devoted  to  Mollusca ;  and  it  will  be  noticed,  in  the 

abstract,  that  out  of  25  species  described,  3  only  are  new,  the  remain- 
ing 22  having  been  before  named  by  preceding  authors.  This  fact 

exhibits  strongly  the  great  caution  with  which  MM.  Pictet  and 
Renevier  have  compared  their  specimens  with  the  species  of  other 
countries,  frequently  with  the  specimens  themselves,  and  proves  that 
they  have  been  free  from  that  anxiety  to  make  new  species,  which  is 
too  frequently  a  prevailing  passion  amongst  palaeontologists  :— 

"  Terrain  Aptien." 
Cardium  Bellegardense,  Pict.  Sf  Renevier. — Yellow  Marl  of  Perte 

du  Rhone. 

Cardita  fenestrata  {Forbes),  D'Orbigny. — Lower  Greensand,  Lower 
Neocomian,  Perte  du  Rhone. 

„       Meriani,  Pict.  6f  Renevier. — Yellow  marl,  Perte  du  Rhone. 
Opis  neocomiensis,  I?  Orb. — Yellow  marl,  Perte  du  Rhone. 
„     Mayori,  Pict.  fy  Renevier. — Yellow  marl,  Perte  du  Rhone. 

Astarte  Buchii,  F.  Roemer. — Yellow  Marl  of  Perte  du  Rhone,  and 
of  Sainte  Croix.     Lower  Neocomian,  France. 

„         obovata,  Sowerby. — Lower  Greensand  of  Isle  of  Wight, 
Hard  Grit  of  Perte  du  Rhone. 

,,        laticosta,  Desk. — Middle  Neocomian,  Yellow  Marl  of  Perte 
du  Rhone. 

„        sinuata,  jyOrb. — Aptian  Lumachella  of  Marolles,  Yellow 
Marl  of  Perte  du  Rhone,  Red  bed  of  Wassy,  and  L.  G. 
of  Peasemarsh. 

Crassatella  Robinaldina,  D'Orb. — Lower  Neocomian,  Hard  Grits  of 
Perte  du  Rhone,  Yellow  Marl  of  Sainte  Croix. 

Trigonia  Bsedalea,  Parkinson.- — Blackdown  and  Haldon  (Dev.),  Lower 
Greensand  (Forbes),  Neocomian,  Yellow  Marl,  Perte  du 
Rhone. 

,,       nodosa,  Sowerby. — Lower  Greensand,  Hard  Grits  of  Perte 
du  Rhone. 

„       Archiaciana,  DWrb. — T.  spinosa,  Sowerby. — Lower  Green- 
sand, Hard  Grits  of  Perte  du  Rhone  and  Aptian  For- 

mation of  Pont  (Lac  de  Joux). 

,,        ornata,  D'Orb. — Neocomian  in  France,  abundant  in  Yellow 
Marl  of  Perte  du  Rhone  and  of  Sainte  Croix. 

,,        caudata,   Agassiz. — Blue   Marls,    Neocomian,    Neuchatel; 
Lower  Neocomian,  France  ;  Lower  Greensand,  England  ; 
Yellow  Marls  of  Perte  du  Rhone  and  Sainte  Croix. 

,,        aliformis,  Parkinson. — Gault,  France  ;   Lower  Greensand, 
England ;  Hard  Grits  of  Perte  du  Rhone,  and  probably 
in  the  Gault  of  these  localities  and  of  the  Savoy  Alps. 

„        carinata,  Agassiz. — Neocomian  Marls  of  Hauterive  ;  Neo- 
comian,  France  ;  Lower  Greensand,   England ;  Yellow 
Marl  of  Sainte  Croix. 

„        longa,  Agassiz. — Neocomian,  Neuchatel;  Lower  Neocomian, 
France ;  Hard  Grits  and  Yellow  Marl  of  Perte  du  Rhone. 
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Trigonia  Coquandiana,  D'Orb. — Chloritic  Chalk  of  Castellane,  Lower 
Alps  ;  Neocomian,  Yellow  Marl  of  Perte  du  Rhone. 

Area  glabra,  Parkinson  Sf  Goldfuss. — Greensand  of  Quedlimburgh 
and  Aix-la-Chapelle,  and,  under  various  synonyms,  Gault 
in  France,  and  Lower  Greensand,  England,  as  also  in 
Bohemia.     Perte  du  Rhone. 

„      Robinaldina,  D'Orb. — Neocomian  at  Marolles,  Lower  Green- 
sand of  Isle  of  Wight,  Yellow  Marl  of  Perte  du  Ehone. 

?,      Raulini,  Leym.  fy D'Orb. — Lower  Neocomian,  France;  Lower 
Greensand,  England ;  Yellow  Marl  of  Perte  du  Rhone  and 
of  Sainte  Croix  and  of  the  Presta.     This  species  was  first 
named  by  Leymerie  as  CucuJlwa  Raulini ;  and  M.  Pictet 
agrees  with  Edward  Forbes  in  uniting  to  it  A.marullensis 

and  A.  neocomiensis  of  D'Orb. 
Nuculaimpressa,/SWerfo/. — Neocomian  andRed  Bed  of  Wassy,  France, 

Lower  Greensand,  England ;  Yellow  Marl  of  Perte  du 
Rhone  and  of  Sainte  Croix.     Several  synonyms,  such  as 

K".  Cornuelina,  N.  planata,  N.  subobtusa,  are  united  to 
this  species,  as   also  1ST.  subrecurva,  Phillips,  Speeten 
Clay. 

Mytilus  lanceolatus,  Sowerby. — Neocomian,  France ;  Lower  Green- 
sand, England ;  Yellow  Marl,  Perte  du  Rhone.     Three 

species  of  Sowerby  and  two  of  D'Orb.  are   given    as 
synonyms,  but  do  not  materially  affect  the  geological 
deductions.     Yellow  Marl  of  Perte  du  Rhone. 

„      sublineatus,  D'Orb. — JSTeocomian,    Turonian,    and  'Aptian, 
France;  Lower  Greensand,  England ;  Hard  Grits  of  Perte 
du  Rhone ;  Yellow  Marl  of  Sainte  Croix,  Gault  of  Perte 
du  Rhone  and  of  Savoy.     This  species  absorbs  Modiola 

lineata,$W erby,  M.  angusta,  Boem,  from  the  Hils  conglo- 
merate, Mytilus  lineatus,  Soiverby,  M.  asper,  Forbes,  &c. 

Part  8  is  devoted  to  the  two  orders  Sauridia  and  Ophidia  of  the 
class  Reptilia. 

In  the  first,  some  bones  of  a  head,  collected  at  Mauremont  by 
MM.  De  la  Harpe  and  Gaudin,  are,  after  a  careful  scrutiny,  iden- 

tified with  Crocodiles  Hastingsice  (Owen)  from  the  freshwater 
Eocene  beds  of  Hordwell  Cliff, — a  species  which  Professor  Owen  has 
shown  to  form  a  passage  between  the  true  Crocodiles  and  the  Caimans. 
The  left  branch  of  a  lower  jaw,  found  in  the  breccia  of  Saint  Loup 
by  Professor  Morlet,  has  all  the  generic  characters  of  a  true  Lizard, 
but  is  insufficient  for  specific  determination.  It  must  have  belonged 
to  an  individual  of  the  same  size  as  the  common  European  species, 
Lacerta  agilis.  Two  bony  osselets  of  a  cranial  plate  are  referred  by 
M.  Pictet  to  the  genus  Placosaurus,  Gervais,  which  was  established 
upon  one  such  plate.  The  French  specimen  was  found  resting  on 
the  cranium,  which  it  protected,  and  was  obtained  from  the  calcareous 
Palseotherian  Marls  of  Sainte  Radefonde,  near  Apt ;  the  Swiss  speci- 

mens were  found  by  Professor  de  Morlet  in  the  breccia  of  Saint  Loup. 
The  bony  osselets,  as  described  by  Gervais,  were  irregularly  hex- 

agonal, mamillated  on  the  surface  by  blunted  tubercles  having  no 
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analogy  with  anything  previously  observed  in  reptiles.  The  charac- 
ters of  these  osselets  are  quite  in  conformity  with  this  descrip- 

tion ;  they  are  irregularly  hexagonal,  protuberant,  and  covered  with 
four  concentric  bands  of  smooth,  rounded  tubercles.  As  the  diameter 

of  these  osselets  is  only  about  ̂ th  of  an  inch,  it  is  certainly  a 

very  curious  fact  that  the  Placosaurus  rugosus  of  Gervais,  founded 

upon  the  discovery  in  France  of  such  minute  osselets  in  direct  con- 
tact with  the  cranium,  of  which,  combined  together,  they  formed  a 

protecting  plate  or  covering,  should  have  been  traced  into  Switzer- 
land by  means  of  the  osselets  alone,  though  in  this  case  detached  and 

isolated.  If  this  identification  be  well-founded,  it  is  only  natural  to 
expect  that  other  vestiges  of  the  Placosaurus  may  be  hereafter  dis- 

covered ;  and  at  all  events  such  a  fact  is  a  striking  illustration  of  the 
wisdom  of  the  caution  which  Sir  C.  Lyell  has  given  us,  not  to  assume 
that  certain  animals  have  never  lived  because  we  have  been  unable  to 

find  their  fossilized  remains.  Palaeontology  has  done  much  to  unravel 
the  ancient  natural  history  of  the  world,  but  it  has  yet  much  more 
to  do.  Of  the  other  fossils  described  by  M.  Pictet,  some  were  bones 
of  a  head,  found  by  MM.  Gaudin  and  De  la  Harpe  at  Mauremont, 
and  which,  though  not  without  much  difficulty,  M.  Pictet  refers  to 
a  lost  type  of  Saurians,  closely  related  to  the  Iguanas.  The  reason 
of  the  difficulty  in  establishing  this  analogy  is  the  striking  resem- 

blance of  the  inferior  maxillary  to  that  of  an  Ophidian ;  but,  as  the 
intermaxillary  cannot  be  classed  with  Ophidian  remains,  the  upper 
and  lower  maxillary  evidently  belonged  to  the  same  species ;  and  as 
all  the  bones  were  so  closely  associated  together,  the  inference  seems 

well  'founded,  that  they  belonged  to  a  pleurodont  iguana,  of  the 
size  of  the  living  iguanas,  characterized  by  a  flattened  muzzle  shaped 

like  a  horse-shoe,  the  nostrils  being  large  and  widely-separated; 
by  a  series  of  small  teeth  on  each  pterygoid;  by  slender  jaws 
armed  with  conical  detached  teeth,  of  which  the  anterior  were  very 
acute,  thin,  and  slightly  curved  backwards.  Having  given  these 
details,  M.  Pictet  exhibits  a  wise  reserve  by  refraining  from  giving 
a  generic  name  to  the  animal  until  further  discovery  has  provided 
more  complete  data.  Four  vertebra?,  obtained  by  Professor  Morlot 
in  the  breccia  of  Saint-Loup,  are  next  noticed ;  two  are  comparatively 
large,  and  two  smaller :  the  dimensions  of  the  largest  are,  breadth, 

1-02  in. ;  height,  1*06  in. ;  length,  measured  from  one  articulating 
surface  to  the  other,  half  an  inch  nearly — and  these  in  the  smaller 
are  similar  in  proportion,  the  height  and  breadth  being  nearly  the 

same,  viz.  '55  of  an  inch.  M.  Pictet  states  that  the  large  ver- 
tebrae, compared  with  those  of  Python  molurus,  appear  to  exhibit 

an  almost  perfect  identity,  excepting  that  the  vertebrae  of  the 
living  serpent  are  a  little  wider  and  shorter  than  those  of  the 
fossil;  the  differences  between  the  fossil  and  the  vertebrae  of  a 
Python  figured  by  Professor  Owen,  are,  however,  greater.  He 
then  points  out  the  analogies  of  the  fossil  with  the  recent  genus 
Eryx  and  the  fossil  genus  Palerycc,  observing  that  he  would  have 
classed  the  small  vertebrae,  if  alone,  with  Paleryx  rhombifer  of 
Owen,  but  that  the  larger  vertebrae  seem  to  have  belonged  to  a  more 

h 
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robust  serpent,  and  that  on  the  whole  he  considers  that,  if  all  the 
vertebrae  belong  to  the  same  genus,  and  that  genus  be  Paleryoc,  the 
analogy  of  the  genus  is  more  with  Python  than  with  Eryoc.  At  the 
same  time  there  are,  in  the  same  deposit,  smaller  vertebras,  belong- 

ing probably  to  younger  individuals  of  the  same  species,  and  which 
are  more  close  in  their  resemblance  to  Paleryoc.  The  discovery  of  this 
little  nest  of  snakes  in  Switzerland,  apparently  the  same  as  those  of  the 
Bracklesham  Clay  of  England,  is  a  most  interesting  fact  as  regards 
the  distribution  of  fossils.  Some  Chelonian  remains  found  by  MM. 
Gaudin  and  De  la  Harpe  at  Mauremont  close  the  number:  they  appear 

to  show  the  former  existence  of  a  small  Emys  and  of  a  small  Land  Tor- 
toise, scarcely  determinable ;  and  at  the  same  time  they  have  afforded 

materials  for  the  restoration  of  the  carapace,  and  partly  of  the  breast- 
plate, of  a  species  which  is  assigned  to  the  new  genus  and  species 

Dithyrosternon  valdense,  Pict.  and  Humb.  It  unites  many  of  the 
characters  of  the  Land  Tortoises,  associated  with  some  of  those  of 

the  Emys.  The  generic  name  implies  that  the  shell  has  two  move- 
able doors  or  valves.  There  are  living  genera  which  have  the  double 

valve,  such  as  the  Cistudo,  where  there  is,  however,  no  fixed  portion 
of  the  breastplate  between  the  valves,  which  simply  move  on  a 
hinge ;  and  the  Cinosternum,  in  which  the  analogy  as  regards  the 
two  valves  is  complete,  but  in  all  other  respects  it  fails. 

Appended  to  the  9th  part  is  a  list  of  the  Yertebrata  of  the  Eocene 
Fauna  found  in  the  siderolite  deposits  of  the  Canton  de  Yaud. 

Mammalia — Pachydermata. — 1.  Palaeotherium  medium,  Guv. — 2. 
Palasotherium  curtum,  Guv. — 3.  Plagiolophus  minor,  Pomel, 
Palaeotherium  minus,  Guv. — 4.  Rhagatherium  valdense,  Pictet. 
— 5.  Hyracotherium  siderolithicum,  Pictet. — 6.  Oplotherium. 
— 7.  Dichobune  Campichii,  Pictet. — 8.  Dichobune,  species  near 
to  but  a  little  larger  than  D.  cervina,  Owen ;  from  isolated 

teeth. — 9.  Dichobune,  smaller  species,  also  from  teeth  alone. 
Carnivora. — 1.  Amphicyon,  species  of  the  size  of  the  Conguar; 

from  teeth  alone. — 2.  Cynodon,  probably  new  species  of  the 
size  of  C.  lacustris,  Gervais,  from  teeth  alone. — 3.  Indeter- 

minable, of  the  size  of  the  Ocelot. 

Cheiroptera. — 1.  Yespertilio  Morloti,  Pictet. 
Hodentia. — 1.  Theridomys  siderolithicus,  Pictet. — 2.  Sciurus. — 

3.  Spermophy tus  ? 

Reptilia — Sauridia. — 1.  Crocodilus  Hastingsiae,  Owen. — 2.  Lacerta. 
— 3.  Placosaurus  rugosus,  Gervais. — 4.  Saurian  of  extinct 
species,  probably  belonging  to  the  group  of  Iguanas. 

Ophidia. — 1.  Python. — 2.  Python  or  Paleryx. 
Chelonia. — 1.  Dithyrosternon  Yaldense,  Pictet  <$f  Humbert. — 2. 

Cinixys  ? — 3.  Emys,  large  species. — 4.  Emys,  small  species. 
— 5.  Testudo,  small  species. 

Most  of  these  fossils  were  obtained  by  the  labours  of  either  MM. 
Gaudin  and  De  la  Harpe,  or  of  Professor  De  Morlot ;  and  as  the 
illustrations,  both  of  them  and  of  the  Mollusca  previously  noticed,  are 
extremely  well  drawn  and  lithographed,  the  work  may  be  justly 
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considered  highly  creditable  to  the  palaeontologists  of  Switzerland 
and  to  Geneva,  of  the  Academy  of  which  city  M.  Pictet  is  a  Pro- 
fessor. 

I  have  already  had  occasion  to  notice  the  varied  labours  of  Her- 
man Von  Meyer,  whilst  stating  to  you  the  grounds  upon  which  the 

Council  had  awarded  to  him  the  Wollaston  Medal ;  but  it  is  right 
that  I  should  briefly  notice  in  more  detail  the  later  numbers  of  the 

1  Palaeontographia/  a  work  which  is  the  joint  production  of  Dunker 
and  Von  Meyer.  In  the  July  number,  the  history  of  the  discovery 
of  reptilian  remains  is  briefly  but  succinctly  stated,  from  the  time 

when  the  Botryosaurus  of  the  Zechstein  formation,  a  genus  esta- 
blished by  Von  Meyer,  was  deemed  the  oldest  or  first  reptile  form  of 

the  ancient  world,  to  the  discovery,  in  1847,  by  Von  Dechen  of  remains 
which  were  distinguished  from  the  fish-remains  of  the  Coal  Forma- 

tion of  Lebach,in  Rhenish  Prussia,  and  were  rightly  assumed  to  belong 
to  Reptilia.  The  relics  of  the  past  which  first  attracted  attention 

were  Coprolites  of  a  finger's  length  ;  but  Von  Dechen  soon  set  the 
peasantry  to  search  for  all  kinds  of  fossil  remains,  and  five  nodules 
containing  reptilian  relics  were  brought  to  light,  from  which  Gold- 
fuss  established  the  genus  Archegosaurus.  Before,  however,  this 
positive  determination  of  the  existence  of  reptiles  at  so  remote  an 
epoch  as  the  Coal  formation,  several  geologists  and  palaeontologists 
had  suspected  their  existence ;  but  either  the  actual  age  of  the  de- 

posits, or  the  true  nature  of  the  fossils  remained  uncertain.  The 
nascent  expectation,  however,  that  Reptilian  remains  would  be  found 
was  a  proof  that  old  prejudices  were  beginning  to  give  way ;  whilst 
their  original  depth  may  be  understood  from  the  fact  cited  by  Von 
Meyer,  that  the  first  specimen  of  the  Archegosaurus  was  found  in  1777, 
and  was  long  afterwards  described  as  the  head  of  a  fish  by  Agassiz,  who 
named  this  very  specimen,  even  then  the  only  one  known,  Pygopterus 
Lucius,  evidently,  therefore,  considering  it  a  fish :  so  sure  is  any  long- 
admitted  theory  to  interfere  with  the  due  appreciation  of  truth  when 
it  comes  in  an  unexpected  form.  The  imaginary  boundary  once  passed, 
other  Reptilian  remains  soon  flowed  in  from  the  Coal  formation.  In 
1848  Von  Meyer  proved  that  the  cranium  upon  which  Goldfuss  had 
established  his  Sclerocephalus  Hauseri  belonged  to  a  reptile,  and  not  to 
a  fish.  In  1849,  Jordan  established  a  second  species  of  Archegosaurus, 
A.  latirostris,  also  from  Lebach,  where  the  first  species,  A.  Decheni 
had  been  discovered.  In  1853,  Professors  Wyman  and  Owen  named 
some  Reptilian  remains  found  in  Nova  Scotia  Dendrerpeton  acaclia- 
num ;  another  specimen,  from  the  coal  of  the  neighbourhood  of  Glas- 

gow, Prof.  Owen  termed  Parabatrachus  Colei ;  and  in  1854,  Nova 
Scotia  supplied  him  with  the  data  for  estabhshing  his  Baphetes 
planiceps.  All  these  reptiles  belonged  to  the  remarkable  family 
of  Labyrinthodonta ;  and  Von  Meyer  observes  that  the  Telerpeton 
elginense  of  Mantel,  though  from  the  Upper  Devonian,  may  be  con- 

sidered as  belonging  to  the  same  geological  period, — an  opinion  in 
harmony  with  the  views  of  the  present  leading  Irish  geologists,  who 
consider  the  Old  Red  Sandstone  to  be  simply  the  base  of  the  Carbo- 

niferous deposits  ;  and  I  may  add  that  I  have  repeatedly  urged  the h  2 
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probability  of  the  lowest  portion  of  the  Devonian  system  belonging 
to  the  Silurian,  and  the  upper  to  the  Carboniferous. 

M.  Von  Meyer  then  gives  a  detailed  description  of  the  genus  Ar- 
cliegosaurus  ;  and  nothing  can  more  strikingly  exhibit  the  extensive 
range  of  the  genus  at  the  Carboniferous  epoch  than  the  fact  that 
271  specimens  have  passed  under  the  inspection  of  M.  Yon  Meyer, 
in  addition  to  two  specimens  from  England,  and  three  others  de- 

scribed by  Goldfuss,  Burmeister,  or  Jager,  which  had  not  been  per- 
sonally examined  by  him :  of  these  he  has  figured  102,  and,  having 

ascertained,  from  careful  examination  and  comparison,  that  the  em- 
bryonic condition  and  stages  of  growth  of  the  animal  may  be  recog- 

nized, he  unites  A.  medius  and  A.  minor  of  Goldfuss  with  A.  Decheni, 
— an  arrangement  which  reduces  the  genus  to  two  species,  A. Decheni, 
and  A.  latirostris.  A  short  notice  of  Apateon  pedestris  and  of  Scle- 
rocephalus  Hauseri  closes  this  section  of  the  work, — both  being  of 
the  Labyrinthodont  type,  but  yet  distinct  from  the  genus  Archego- 
saurus :  the  latter  is  from  shale  resting  upon  beds  of  coal ;  the 

former  (Apateon)  from  the  coal-shale  of  Minister- Appel,  being  the 
first  specimen  which  carried  the  epoch  of  reptilian  life  back  to  the 
Carboniferous  formation. 

The  other  section  of  the  work  of  Yon  Meyer,  published  during  the 
last  year,  is  devoted  to  the  plants  of  the  Chalk  Formation  of  the 
Hartz,  from  Blankenburg  and  Quedlinburg.  The  interesting  cha- 

racter of  the  Chalk  flora,  from  the  many  points  of  approximation 
to  the  existing  flora  which  it  affords,  is  well  known.  M.  Yon  Meyer 
reviews  the  works  of  his  predecessors,  and  by  description  and  illustra- 

tion endeavours  to  reform  anything  which  may  have  been  defective  in 
them.  From  the  genus  Crednera,  Zenker,  so  remarkable  for  its 
hazel-like  leaves,  11  species  have  been  transferred  to  the  genus 
Ettinghausenia,  of  Stiehler,  which  resembles  the  Cistidce :  these  were 
all  from  the  Blankenburg  deposits.  Those  of  the  Long  Mountain 
near  Quedlinburg,  have  yielded,  of  Ferns,  the  species  Weichselia  Lu- 
dovice,  Stiehler ;  of  Pandaneae,  Pandanus  Simildce,  Stiehler;  of  Cyca- 
dese,  Pterophyllum  Ernestines,  Stiehler :  and  it  may  be  added  that 
the  chemical  examination  of  other  specimens  detected  the  former 
presence  of  organic  vegetable  bodies  by  the  quantity,  though  small, 
of  carbonaceous  matter  they  contain.  A  description  of  the  flora  of 

the  younger  Brown- coal,  by  M.  E.  Ludwig,  adds  value  to  the  work 
of  Yon  Meyer,  and  displays,  as  usual,  a  still  nearer  approximation  to 
the  existing  flora,  as  such  names  as  Vaucheria,  Conferva,  Potamo- 
qeton,  Pinus,  Taccus,  Myrica,  Arundo,  Lobelia,  Magnolia,  &c.  &c. 
testify, — even  our  very  recent  discovery,  Victoria  regina,  finding  its 
representative  in  the  genus  Holopleura  of  Ludwig,  to  which  he 
gives  the  specific  name  Victoria,  from  its  near  approach  to  the  genus 
of  that  name. 

It  cannot  be  doubted  that  the  brief  notice  I  have  given  of  a  por- 
tion of  a  great  work  will  add  weight  to  what  I  have  already  stated 

in  pointing  out  to  you  the  great  merits  and  services  of  those  di- 
stinguished palaeontologists,  Yon  Meyer  and  Dunker.  Many  more 

names  might  be  cited  as  a  proof  of  the  universal  spread  of  enthu- 
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siasm  about  the  history  of  the  past  world,  such  as  Weber,  Von  Hauer, 
Von  Hagenow,  Schnur,  in  addition  to  those  which  have  long  become 
household  words  amongst  men  of  science. 

Of  the  latter,  the  distinguished  countryman  of  Dumont,  M.  de 
Koninck,  is  still  earnest  in  his  endeavours  to  perfect  the  fauna  of  the 
Carboniferous  epoch.  In  a  paper  addressed  to  the  Belgian  Academy, 
he  notices  the  distribution  of  some  of  the  Carboniferous  fossils,  stating 
that  he  had  already  determined  the  existence  of  more  than  600  species. 
These  he  has  grouped  in  three  sections, — the  first  belonging  to  the 
Coal-formation,  properly  so  called,  the  second  to  the  limestone  of 
Vise,  and  the  third  to  the  limestone  of  Tournay.  In  Belgium,  the 
fossils  of  the  first  section  are  peculiar  to  the  strata  in  which  they  are 
found ;  but  in  the  other  two  groups  some  are  found  common  to  both, 
whilst  others  are  characteristic  of  either  one  or  the  other  limestone. 

M.  de  Koninck  adds  that  the  same  facts  may  be  observed  in  both  Eng- 
land and  Russia, — the  fossils  of  the  neighbourhood  of  Bristol  and  of 

Moscow  being  the  same  as  those  of  the  limestone  of  Tournay,  whilst 
those  of  Newcastle,  Glasgow,  and  Gosatschi-datchi  in  the  Oural  Chain 
are  identical  with  those  of  Vise.  Whilst,  indeed,  he  observes,  this 

existence  of  the  same  species  at  widely-separated  localities  is  one  of 
the  great  palaeontological  facts,  it  is  not  less  curious  to  observe  how 
localized  some  species  are,  though  belonging  to  the  same  epoch  (a 
fact,  I  may  add,  equally  observed  in  recent  natural  history),  as  for 
example,  Sjpirifer  striatus,  S.  rotundatus,  and  S.  cuspidatus,  abundant 
in  the  Carboniferous  limestone  of  the  neighbourhood  of  Dublin,  are  not 
found  at  Hook  Head,  county  of  Wexford ;  and  in  the  same  manner, 
the  limestone  of  Tournay  has  never  furnished  these  Spirifers,  though 
they  are  abundant  in  that  of  Dinant,  which  belongs  to  the  other  sec- 

tion. As  an  interesting  notice  of  new  discovery,  he  states  that  M. 
Dupont,  to  whom  he  was  indebted  for  the  latter  remark,  has  also 
enabled  him  to  state  that  130  species  of  Mollusca  are  found  in  con- 

nection with  the  Spirifers,  of  which  about  30  are  new,  including  some 
magnificent  specimens  of  Cardiomorpha,  Avicula,  and  Aviculopecten, 
which  M.  de  Koninck  proposes  to  describe  very  shortly,  as  an  addition 
to  a  fauna  already  so  rich. 

Before  closing  this  brief  notice  of  the  labours  of  one  of  our  most 
active  foreign  friends,  I  may  observe  that  he  submitted  to  the  British 
Association  at  Dublin  last  year  his  description  of  a  third  species  of 
the  genus  Davidsonia.  In  the  generic  name  he  had  testified  his 
recognition  of  the  merits  of  one  of  our  most  able  palaeontologists,  and 
in  the  specific  he  has  borne  testimony  to  those  of  another  of  our  most 
able  naturalist  members,  by  adopting  the  term  Woodwardiana.  This 
Devonian  genus  he  places  in  the  family  of  Productidae,  from  the 
existence  of  spines  along  the  hinge,  which  separates  it  from  the 
Strophomenidae,  whilst  he  does  not  think  there  is  any  reason  for 
establishing  a  specific  family  under  the  appellation  of  Davidsonidae. 
Every  peculiar  Devonian  type  must  be  considered  an  advantage 
gained,  by  those  who  maintain  the  independence  of  that  formation. 

It  is  right  to  observe  that,  whilst  our  knowledge  of  the  fauna  of 
the  ancient  world  is  daily  increasing,  new  information  respecting 
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that  fauna  which  is  so  closely  connected  with  our  own  existence, 
and  has  been  so  long  studied,  is  constantly  flowing  in  upon  us. 
Dr.  H.  A.  Philippi,  Professor  of  Natural  History  at  the  University 
of  Santiago,  in  Chili,  for  example,  describes  a  new  species  of  the 
genus  Thysanopus  under  the  name  T.  austrdlis,  which  he  discovered 
on  examining  the  stomach  of  a  fish.  He  speaks  of  the  discovery  as 
remarkable,  since  the  species  already  known  to  him  was  from  the 

European  seas :  the  editor,  however,  of  Wiegmann's  Archiv  adds  to 
this  remark,  that  Brandt  had  enumerated  7  species  of  the  genus,  in 

Von  Middendorf's  Yoyage.  In  either  case  the  wide  distribution  of  a 
genus  comprising  such  minute  species,  eight  lines  in  length,  is  a 
fact  of  much  interest.  Of  another  Crustacean  of  the  order  Stoma- 
topoda,  he  forms  a  new  genus  Hoplites,  and  gives  it  the  specific  name 

longirostris.  It  was  found  in  the  Atlantic  ocean,  in  25°  N.  lat.  and 
22°  50'  West  long.  Leucifer  Zybrantsii,  Ph.  is  a  new  crustacean 
found  in  the  same  position  by  Captain  Peter  Zybrants,  who  com- 

manded the  ship  which  conveyed  Dr.  Philippi  to  Chili.  Alima 
valdiviana,  and  A.  ctnura  are  two  new  species  of  a  genus  not 
before  traced  to  the  American  coast,  and  found  in  the  harbour  of 
Valdivia.  The  new  genus  Euacanthus  is  also  established  from  a 
minute  crustacean  of  the  order  Stomatopoda,  and  the  new  species 
Megalojoa  valdiviana  from  another  three  lines  long.  Of  this  latter, 
Dr.  Philippi  remarks  with  great  justice,  that  even  though  his  obser- 

vations may  not  prove  sufficient  to  determine  the  question  whether 
Megalopa  is  a  full-grown  and  perfect  animal,  or  merely  an  immature 
condition  of  some  other  genus,  the  existence  of  that  form  of  crusta- 

cean in  the  Chilian  seas  is  not  less  a  fact  of  great  interest.  Were  I 
to  go  through  the  12  new  Echinodermata  described  by  Dr.  Edward 
Grube  of  Breslau,  or  follow  Dr.  Troschel  in  his  analysis  of  the  pro- 

gress of  discovery  in  natural  history  both  in  America  and  Europe, 
I  should  have  no  difiiculty  in  establishing  the  fact  that  the  time  is 
still  far  distant  when  it  will  be  possible  to  study  the  system  of  nature 
as  one  great  whole,  combining  the  extinct  and  the  living :  and  so 
this  fact,  far  from  discouraging,  ought  to  exercise  upon  every  natu- 

ralist the  most  powerful  and  stimulatory  influence  ;  for  who  can  tell 
what  will  be  the  ultimate  result  of  man's  researches  and  of  man's 
unprejudiced  reasonings  upon  them  ? 

Physical  Geology. — As  the  physical  condition  of  the  crust  of  the 
earth  has  been  not  only  aifected  by  the  action  of  external  force,  in- 

cluding all  aqueous  and  aerial  agencies,  but  also  by  the  action  of 
internal  forces,  it  becomes  important  to  study  whatever  is  calculated 
to  throw  light  upon  the  processes  of  nature  which,  though  unseen, 
are  too  often  felt  to  be  going  on  under  our  feet.  Of  all  our  members, 
Dr.  Daubeny  has  most  distinguished  himself  by  his  able  advocacy 
of  the  chemical  theory  of  volcanos ;  and  although  that  theory  may 
not  be  considered  sufiicient  to  explain  all  the  phenomena,  it  is  im- 

possible to  doubt  that  chemical  action  must  be  going  on  extensively 
in  the  interior  of  the  earth,  and  that  it  is  of  the  utmost  importance 
to  study  the  nature  of  that  action.  The  paper  by  Dr.  Daubeny  on 
the  Evolution  of  Ammonia  from  Volcanos,  deserves  therefore  especial 
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consideration,  as  it  is  evident  that  the  volcano  must  be  considered 
the  discharging  flue  of  the  subterranean  laboratory,  and  therefore 
the  place  where  its  gaseous  products  ought  to  be  traced  in  their  pas- 

sage outwards.  That  ammoniacal  compounds  are  found  in  the  vicinity 
of  volcanic  vents  is  well  known ;  but  MM.  Bischoff  and  Bunsen 
have  endeavoured  to  prove  that  the  production  of  ammonia  is  due  to 
chemical  action  on  the  surface,  and  not  within  the  crust  of  the  earth, 
as,  for  example,  in  the  celebrated  hypothesis,  that  the  hot  lava, 
whilst  overflowing  the  herbage,  so  far  promotes  its  decomposition,  as 
to  set  free  its  nitrogen,  which  uniting  with  the  muriatic  acid  of  the 

lava,  became  sublimed  as  sal-ammoniac.  This  theory,  though  in- 
genious, is  shown  by  Dr.  Daubeny  to  be  inapplicable  to  many  vol- 

canic districts,  in  which,  though  the  herbage  is  far  too  scanty  to  sup- 
ply a  sufficiency  of  nitrogen,  the  sal-ammoniac  is  not  less  in  quantity  ; 

he  therefore  adopts,  as  in  his  opinion  more  probable,  the  theory  of  the 
formation  of  ammonia  within  the  crust  of  the  earth,  and  adduces,  in 
support  of  his  explanation,  the  affinity  which  certain  metals  are  known 

to  possess.  For  example,  "Wohler  and  Rose  have  proved  the  exist- 
ence of  a  compound  of  titanium  with  nitrogen ;  and  Wohler  and  Ste.- 

Claire  Deville  have  shown  that  titanium  absorbs  nitrogen  even 
from  the  air,  and  that  heated  titanic  acid,  when  brought  into  con- 

tact with  nitrogen,  leads  to  the  production  of  a  nitride  of  titanium 
with  so  intense  a  chemical  reaction  as  to  generate  light  and  heat,  ni- 

trogen in  this  case,  instead  of  oxygen,  acting  as  the  supporter  of  com- 
bustion. Dr.  Daubeny  also  alludes  to  the  recently  discovered  fact,  to 

which  I  shall  again  refer,  that  boron,  like  titanium,  has  the  property  of 
combining  directly  with  the  nitrogen  of  the  air,  and  that  the  compound 
thus  formed  possesses  the  property  of  evolving  ammonia  under  the  in- 

fluence of  the  alkaline  hydrates.  Dr.  Daubeny  further  observes  that 
we  cannot  fairly  conclude,  from  the  difficulty  hitherto  experienced  in 
producing  a  direct  combination  of  nitrogen  and  hydrogen,  that  such 
a  combination  would  be  impossible  under  the  different  circumstances 
of  pressure,  heat,  &c.  which  may  be  expected  within  the  crust  of  the 
earth :  in  fact,  he  considers  that  such  circumstances  might  even  be 
sufficient  to  induce  the  combination  of  hydrogen  and  nitrogen,  and 
thus  produce  ammonia  directly,  although  it  has  not  been  possible  to 
do  so  in  the  laboratory  of  the  chemist.  Titanium  is  present  in  most 
volcanos,  though  Dr.  Daubeny  admits  that  it  is  not  sufficiently 
abundant  to  account  for  the  large  quantity  of  sal  ammoniac  known 
to  occur,  and,  I  will  add,  for  the  continued  production  of  it,  unless, 
indeed,  it  be  assumed  that  the  titanium  discovered  outside  the  vol- 

canic vent,  and  freed  from  the  nitrogen  with  which  it  may  have  been 
combined,  is  only  a  small  portion  of  that  which  has  passed  through 
the  chemical  decomposition,  and  still  remains  below  the  crust.  Such 
a  conclusion  would  not  be  unreasonable,  as  it  is  certainly  quite  con- 

sistent with  sound  speculation  to  deduce  what  is  passing  out  of  sight 
from  that  which  can  be  actually  observed.  Boracic  acid,  however, 

is  sufficiently  abundant  in  many  volcanos  to  account  for  the  produc- 
tion of  any  amount  of  ammonia  ;  and  it  only  remains  in  those  cases 

to  determine  whether  the  chemical  reactions  which  have  led  to  the 
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production  of  ammonia  took  place  actually  within  the  volcanic  crater, 
or  during  the  process  of  eruption, — assuming  in  the  first  instance, 
that  the  combination  of  boron,  titanium,  or  any  other  metal  with 
nitrogen  had  at  least  been  effected  in  the  volcanic  laboratory. 

The  paper  byMr.B,obertWarington,F.C.S.,read  so  far  back  asl854, 
at  the  Liverpool  meeting  of  the  British  Association,  and  published  in 
the  Edinburgh  New  Philosophical  Journal,  April  1855,  is  valuable,  as 
it  shows  the  actual  circumstances  under  which  both  boracic  acid  and 

ammonia  may  be  found.  Mr.  Warington  founds  his  remarks  on  infor- 
mation from  a  friend  who  visited  the  island  of  Yulcano,  twelve  miles 

north  of  Sicily.  The  volcanic  mountain  is  estimated  to  be  2000  feet 
in  height,  and  its  crater  is  about  700  feet  deep.  The  area  at  the 
bottom,  about  10  acres  in  extent,  is  paved,  as  it  were,  with  small 
loose  fragments  of  limestone ;  and  the  ground  is  so  hot  as  rapidly  to 
destroy  the  leather  of  the  shoes.  A  thermometer  thrust  between  the 

stones  indicated  a  temperature  between  250°  and  500° ;  so  that  the 
conditions  of  the  locality  were  peculiarly  favourable  for  the  study  of 
the  phenomena  under  consideration,  as  it  is  evident  that  there  was 
nothing  extraneous  to  interfere  with  the  results.  On  looking  down 

on  the  area,  it  appeared  covered  with  a  substance  like  finely- drifted 
snow,  which  was  found,  on  examination,  to  consist  of  crystallized 
boracic  acid.  This  incrustation,  about  an  inch  thick,  being  dug 
through  with  a  pickaxe,  a  mass  of  red-hot  fused  lava,  similar  in 
appearance  to  the  slag  of  a  glass-house,  spumed  up,  and  was  found 
to  consist  of  fused  saline  matters  forming  a  coherent  mass  of  vol- 

canic debris.  "  When  the  ground  covered  with  boracic  acid  is  dug 
down  for  about  eight  inches,  a  red-hot  mass  of  sal-ammoniac  is 

always  found,"  as  also  sulphur.  Now  this  is  not  a  temporary  phe- 
nomenon, as  the  boracic  acid  is  constantly  renewed  when  removed, 

and  has  become,  together  with  sal-ammoniac  and  sulphur,  a  regular 
source  of  income  to  the  proprietors,  to  whom  it  yields  about  .£1000 

per  annum, — sulphur  being  obtained  by  fusing  the  stone  of  which  the 
sides  of  the  volcano  are  composed,  sal-ammoniac  from  the  lixiviation 
of  the  scoria  or  lava,  and  boracic  acid,  either  at  once  from  the  surface, 

or  by  receiving  the  sublimed  acid  in  open  barrels  filled  with  broom- 
twigs  or  other  plants,  placed  there  for  its  reception. 

It  will  be  observed  from  these  observations,  as  Mr.  Warington 

states,  that  the  sal-ammoniac  sent  to  him  was  obtained  by  the  lixi- 
viation of  the  fused  mass ;  and  its  exact  condition,  therefore,  in  that 

mass  he  had  no  means  of  determining.  On  the  boracic  acid,  how- 
ever, which  came  to  him  as  collected,  he  was  enabled  to  experiment. 

The  boracic  acid  having  been  boiled  in  diluted  muriatic  acid,  the  solu- 
tion was  subsequently  decanted  from  the  undissolved  portion.  This 

again  was  boiled  in  a  weak  solution  of  caustic  potash,  without  yield- 
ing any  trace  of  ammonia,  but  the  residue  being  washed  with  distilled 

water,  dried  and  fused  in  a  tube  of  hard  glass  with  caustic  potash, 
gave  strong  evidence  of  the  formation  and  liberation  of  ammonia. 
From  these  experiments,  therefore,  Mr.  Warington  concludes  that 
the  reactions  are  similar  in  character  to  those  effected  by  Balmain  in 
1842,  and  by  Wohler.     In  them  the  nitride  of  boron  was  first  ob- 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT. 
C1X 

tained  by  heating  borax  and  ferrocyanide  of  potassinm  (both  anhy- 
drous) to  a  dull  red  heat  in  a  crucible ;  and  this,  being  fused  with 

caustic  potash,  gave  out  ammonia  copiously,  or,  if  heated  in  a  current 
of  steam  to  a  moderate  red  heat,  was  entirely  converted  into  boracic 
acid  and  ammonia.  These  experiments  unquestionably  explain  the 
simultaneous  presence  of  boracic  acid  and  ammonia  in  volcanic  craters, 
considering  that  nitride  of  boron  had  been  previously  formed  in  the 
interior  of  the  volcanic  vent,  and  then  brought  into  contact  with  either 
alkaline  bases  under  a  high  temperature,  or  with  heated  steam.  The 
same  may  be  said  in  respect  to  the  reactions  consequent  on  the  for- 

mation of  nitride  of  titanium,  or  of  the  nitride  of  any  other  metal 
within  the  volcanic  vent.  All  these  reactions  are  natural  in  their 

way,  consistent  with  the  circumstances  of  volcanic  action,  and  con- 

firmatory of  Dr.  Daubeny's  views. 
Admitting,  then,  the  reasonableness  of  Dr.  Daubeny's  views,  and 

those  of  Mr.  "Warington,  as  to  the  production  of  the  ammoniacal 
compounds  so  generally  found  in  connexion  with  volcanos,  the 
source  from  which  the  nitrogen,  presumed  to  be  of  internal  origin, 

has  proceeded,  can  only  be  conjectured.  From  the  smoke- vents  of 
lava-streams,  as  well  as  from  those  of  the  craters  of  volcanos,  atmo- 

spheric air  was  evolved,  in  combination  with  other  gaseous  products  ; 
but  it  was  often  found  poorer  in  oxygen,  or,  in  other  words,  richer 
in  nitrogen,  than  in  a  normal  state,  according  to  Deville, — whilst 
Palici  states  (as  quoted  in  the  Jahresbericht  der  Chemie  of  Liebig  and 
Kopp)  that  the  gas  collected  in  the  Lago  di  Naftia,  in  Sicily,  on  the 

5th  October,  contained  17*4  volumes  of  oxygen,  and  82'6  of  nitrogen, 
and  on  the  22nd  October,  5-0  of  carbonic  acid,  15-8  of  oxygen,  and 
79-2  of  nitrogen.  From  the  same  Journal  we  learn  that  C.  Schmidt 
had  examined  the  boracic-acid  vents  of  Monte  Cerboli  in  Tuscany. 
According  to  his  researches,  the  boracic  acid  cannot  be  found  in 
the  mixed  vapour  and  gas  which  issues  from  the  vent  itself,  but  in 
the  shining  mud  which  floats  over  its  mouth,  and  there  in  combina- 

tion with  carbonic  acid,  ammonia,  and  a  small  quantity  of  sulphu- 
retted hydrogen.  In  fact,  salts  of  ammonia  abound  in  the  dark-grey 

mud  of  these  mud-lagoons ;  and  after,  in  the  refining  process,  the 
greater  portion  of  the  boracic  acid  has  been  removed  by  crystalliza- 

tion, the  residue,  obtained  from  the  mother-liquor  when  condensed 
by  evaporation,  yielded  on  analysis  the  following  results — the  first 
from  a  specimen  obtained  by  M.  Abich,  and  the  second  from  one 
collected  by  M.  Schmidt  himself : — 

Abich'sSp, 
Schmidt's 

NH40,SO- 5-328 
9-667 

MgO,S03 4-116 
1-843 

CaO,  S03  KO,  S03 
0-160  1-086 
0-102  0'419 

NaO,S03 0-266 
0-515 NH4C1 

0-178 0-109 
NH40 

0-159 

0-614 

Fe2  03; 
0-019 

0-011 

BOa 

1-754 3-094 

Total. 
13-066  in  100 

16-373,,    „ 

with  a  trace  of  oxide  of  manganese  and  of  silicon. 

Here  the  co-existence  of  ammoniacal  salts  and  of  boracic  acid  is 
again  manifest ;  and  it  may  be  fairly  assumed  that  they  are  the  results 
of  the  same  chemical  reaction.  In  a  letter  to  M.  Elie  de  Beaumont,  M. 
Bornemann  mentions  a  case  where  the  nitrogen  is  given  out  in  a  free 
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state,  and  where  it  has  apparently  not  gone  through  the  first  step  of 
combination  with  boron,  which  appears  to  be  essential  for  the  pro- 

duction of  ammonia. 

In  this  letter  he  notices  the  gaseous  and  aqueous  emanations  in 
Sardinia,  as  supplementary  to  the  labours  of  M.  Deville.  These  he 
considers  as  the  last  exhibitions  of  volcanic  action  in  Sardinia,  where, 
although  there  are  many  remains  of  ancient  volcanos,  there  are  no 
true  volcanic  vents  of  gaseous  matter, — the  emanations  proceeding 
from  mineral  waters  or  thermal  springs,  all  of  which  are  situated  in 
close  proximity  to  the  ancient  volcanic  districts.  These  emanations 
are  rich  in  carbonic  acid  and  azote,  and  contain  also  some  free 
oxygen.  M.  Bornemann  concludes  his  notice  by  eulogizing  the 
Geological  Map,  and  work  on  Sardinia,  of  General  Albert  de  la 
Marmora. 

Perhaps  no  one  has  devoted  more  attention  than  M.  Ch.  Sainte- 
Glaire  Deville  to  the  gaseous  products  of  volcanic  vents.     In  a  for- 

mer  memoir  he  laid  down  the  proposition  that  the  physical  and 

chemical  properties  of  the  gas-vents  of  any  volcano  are  influenced,  on 
the  one  hand,  by  the  distance  of  the  observed  orifice  from  the  initial 
point  of  emission,  and  on  the  other  by  the  interval  of  time  between 
the  moment  of  observation  and  the  initial  moment  of  eruption.     As 

this  proposition  implies  variations  in  the  nature  of  the  gaseous  ema- 
nations, corresponding  to  variations  in  their  position  and  the  time 

of  emission,  M.  Deville  has  endeavoured  to  illustrate  his  position 
by  a  study  of  the  chemistry  and  stratigraphy  of  the  subject,  so  as  to 
test  in  the  laboratory  the  reactions  which  have  taken  place  between 
the  elementary  substances  recognized  as  existing  in  volcanic  districts, 
and  thereby  to  explain  the  observed  modifications  in  the  halogene 
sulphureous  or  carbonic  emanations.     These  emanations  he  divides 
into  two  groups,  according   as  the  motive  substance,  or  substance 
which  gives  rise  to  the  chemical  reactions,  is  either  hydrogen  or  a 
haloid  body  such  as  chlorine  or  fluorine ;  and  M.  Deville  points  out 
the  antagonism  between  these  two  classes  of  emanations :  for,  whilst 
chlorine  and  its  congeners  decompose  water  by  absorbing  its  hydro- 

gen, its  oxygen  being  fixed  by  the  alkaline  metal  which  accompanies 
them,  sulphur  and  carbon,  when  emitted  in  combination  with  hydro- 

gen, produce  a  contrary  effect,  by  giving  out  the  hydrogen  and  recon- 
stituting water  at   the  expense  of  the  oxygen  of  the   air, — the 

equilibrium  of  the  forces  manifested  in  natural  phenomena  being 
thus  preserved. 

Along  the  course  of  a  lava- stream  it  is  also  seen,  in  respect  to  the 
halogene  and  sulphureous  emanations — and  in  this  case  M.  Deville 
observed  no  other  gases — that  their  transformations,  explained  on 
chemical  principles,  are  influenced  by  the  position  of  the  gaseous 
vents,  the  characters  of  which  vary  according  to  their  distance  from 
the  focus  of  eruption,  and  to  the  time  which  has  elapsed  since  its 
commencement, — these  two  coordinates  of  time  and  space  represent- 

ing the  variations  of  temperature  under  the  influence  of  which,  and 
by  the  instrumentality  of  the  primary  elements  or  constituents  of 
the  gaseous  emanations  and  of  the  accessory  elements  either  derived 
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from  the  rocks  through  which  they  pass  or  from  the  air,  the  various 
products  which  M.  Deville  enumerates  have  been  formed.  Each 
order  of  emanation  has  therefore  its  peculiar  products,  which  are,  in 

M.  Deville's  opinion,  merely  modifications,  under  the  influence  of 
variable  physical  and  chemical  causes,  of  the  same  compounds,  derived 
from  the  incandescent  materials  of  the  volcanic  eruption. 

The  difficulty  is  greater  when  the  inquiry  is  directed,  not  merely 
to  the  gaseous  vents  of  the  lava-stream,  but  to  the  vents  of  the  vol- 

canic cone  itself,  assumed,  as  they  are,  to  communicate  by  a  transverse 
fissure  with  the  internal  focus,  as  the  variations  then  observed  depend 
on  causes  similar  to  those  which  have  produced  in  the  interior  of  a 
vein  the  successive  deposition  of  different  substances.  Generalizing 

the  phenomena,  an  analogy  is  recognized  between  the  gaseous  emana- 
tions which  succeed  each  other  in  a  volcano  during  the  course  of  a 

single  eruption,  and  those  which,  in  the  series  of  ages  of  our  globe, 
have  predominated  at  each  successive  epoch.  As,  for  example,  when 
at  the  commencement  of  an  eruption  chlorine  and  fluorine  are  the 
gaseous  emanations  which  proceed  from  the  orifices  of  the  lava, 
whilst  phosphate  of  lime  and  oxidulated  iron  are  fixed  in  the  rock, 
can  we  not  perceive  an  analogy  between  the  workings  of  existing 
volcanic  forces  and  those  phenomena  of  emanation  which  under  the 
influence  of  the  same  agents,  chlorine  and  fluorine,  have  enriched 
the  most  ancient  consolidated  rocks  with  tourmaline,  phosphate  of 
lime,  oxide  of  tin,  or,  in  a  word,  with  that  galaxy  of  bodies,  intimately 
connected  one  with  another,  which  has  been  figuratively  named 
the  penumbra  of  granite  ? 

M.  Deville  then  endeavours  to  explain  how  the  gaseous  vents  are 
distributed  over  the  volcanic  mass,  and  to  prove  that  their  positions 
can  be  referred  to  the  great  stratigraphical  accidents  of  the  country. 

The  effect  of  an  eruption  is  to  determine,  on  the  cone,  fissures 
the  direction  of  which  prolonged  would  sensibly  pass  through  the 
centre  of  the  crater ;  and  in  a  volcano  in  a  state  of  eruption,  two 
kinds  of  operating  agencies  may  be  recognized  ;  the  one  eccentric  in 
connexion  with  the  fissures  produced  by  the  eruption,  or  with  the 
orifices  of  gaseous  vents ;  the  other  central,  at  the  summit  of  the 
volcano,  or  common  centre  to  which  all  the  fissures  converge, — the 
first  generally  acting  only  during  the  duration  of  the  eruption,  whilst 
the  latter  acts  variably  but  constantly.  The  object  of  M.  Deville  is 
to  define  precisely  the  functions  performed  by  each,  either  in  a  period 
of  tranquillity,  or  during  the  height  of  an  eruption,  or  at  the  moment 
when  the  intensity  of  volcanic  action  retires  from  the  fissures  to  the 
normal  focus,  and  thus,  by  establishing  the  mutual  connexion  of  one 
with  the  other,  to  obtain  the  means  of  predicting  the  effects  to  be  ex- 

pected from  observations  made  during  any  particular  form  of  eruption; 
as  for  example,  in  respect  to  the  eruption  of  Vesuvius  in  1856,  M. 
Deville,  from  the  facts  he  had  observed,  did  not  hesitate  to  announce 
the  probability  of  a  series  of  small  eruptions  from  the  summit  of  the 
volcano, — a  prediction  which  was  fully  verified. 

But  it  was  yet  to  be  determined  whether  the  fissures,  which  per- 
form so  important  an  office  in  volcanic  eruptions,  are  merely  acci- 
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dental  and  ephemeral,  or  are  intimately  connected  with  those  powerful 
mechanical  forces  which  have  at  various  epochs  broken  the  crast  of 
the  earth,  and  left  everywhere  ineffaceable  marks  of  their  action 
behind  them ;  and  in  investigating  this  question,  M.  Deville  de- 

termined, from  numerous  observed  facts,  that  the  planes  of  fissure 
penetrate  the  volcanic  mass  so  deeply,  and  with  such  a  permanency 
of  direction,  as  to  preserve  a  remarkable  regularity,  at  successive 
great  explosions  of  the  eruptive  forces. 

M.  Leopold  von  Buch  had  pointed  out  the  tendency  of  volcanic 
vents  to  arrange  themselves  in  lines  corresponding  to  the  direction 
of  volcanic  chains,  or  radiating  from  central  volcanos ;  and  M.  Deville 
modifies  the  expression  of  this  view,  by  stating  that  a  central  vol- 

cano always  occupies  a  peculiar  point,  fixed  by  the  intersection  of 
two  or  more  volcanic  lines,  and  supports  his  opinion  not  only  by 
the  facts  he  had  observed  at  several  volcanic  chains,  but  also  by  the 
theory  of  M.  Elie  de  Beaumont,  in  itself  directed  towards  a  different 
object,  and  shows  that,  on  the  principle  of  a  pentagonal  network 
of  lines  of  elevation,  Etna  occupies  one  of  the  summits  of  a  rectan- 

gular spherical  triangle,  one  side  of  which  passes  through  Teneriffe, 
and  the  other  connects  Etna  with  the  Eolian  Islands,  Vesuvius,  and 
Mauna-Loa  of  the  Sandwich  Islands ;  so  that  the  geographical  dis- 

tribution of  volcanos,  the  manner  in  which  the  mechanical  effects  of 
earthquakes  are  exhibited,  and  the  chemical  peculiarities  of  gaseous 
emanations  seem  to  correspond  with  general  laws  of  stratification. 
M.  Deville  also  points  out — and  the  fact  is  important  in  reference  to 
the  general  question — that  in  the  Isle  of  Teneriffe  each  of  the  lines 
which  cut  the  Peak  of  Teyde  is  characterized  by  the  appearance  of 
a  peculiar  kind  of  volcanic  rock. 

By  this  class  of  investigations  the  special  phenomena  of  volcanos, 
which  can  be  still  observed,  are  put  into  relation  with  the  more 
general  phenomena  of  elevation  by  which  the  stratification  of  the 

earth's  crust  has  been  modified,  and  which  can  now  no  longer  be 
observed  ;  and  a  step  is  therefore  made  towards  a  physical  history  of 
the  earth.  M.  Deville  has  continued  through  the  year  to  detail  the 
results  of  his  researches,  all  of  which  have  a  bearing  more  or  less 
in  conformity  with  his  theoretical  views.  In  gas- vents,  where  there 
is  neither  vapour  of  water  nor  acids,  the  oxygen  and  azote  proceeding 
from  them  are  mixed  in  proportions  not  sensibly  different  from  those 
of  normal  air, — whereas  from  vents  which  exhibit  traces  of  vapour 
of  water,  or  hydrochloric  or  sulphurous  acid,  the  proportion  of  azote 
is  in  excess  of  that  of  oxygen ;  and  this  is  the  same,  whether  the  vent 
is  from  a  stream  of  lava  or  from  a  volcanic  crater.  In  illustration, 
M.  Deville  gives  the  following  results  of  the  examination  by  himself 
and  M.  Felix  Leblanc,  of  the  gaseous  emanations  of  Vesuvius  and 
Vulcano,  after  abstracting  from  them  the  hydrochloric  acid  and  the 
vapour  of  water : — 
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1. 

Sulphuric    Acid      2*6 
Oxygen        18*7 
Nitrogen           78*7 

Vesuvius. 
2.        3. 

2-4      0-3.... 

Vulcano, 

Vents  with  flame.  Without  flame. 
1.          2. 

   391      27*5    69  6 
19-7     17-6  ,  , 
77-9    82-1....    551       58.5    249 

100-0  100-0  100-0  100-0     100-0 

Oxygen  in  100" 

cPombmedoxhy!  \  '«    ««     17'6       9'6       19'4    18'8 gen  &  nitrogen  _ 

Now,  as  the  normal  proportions  of  oxygen  and  nitrogen  are  20  or 
21  0_  and  80  or  79  N,  it  is  evident  that  in  few  instances  were  the 
true  proportions  of  normal  air  preserved,  whilst  in  several  the  pro- 

portion of  nitrogen  was  greatly  in  excess.  The  fact,  therefore,  that 
nitrogen  appears  in  a  portion  of  the  gaseous  emanations  of  volcanos, 
cannot  be  doubted;  but, as  oxygen  appears  contemporaneously  with  it, 
the  question  still  remains  to  be  answered,  whether  the  atmospheric  air, 
of  which  it  appears  to  have  once  formed  a  part,  has  only  been 
sucked  into  the  mouth  of  the  crater,  or  whether  it  has  been  carried, 
either  in  combination  with  water,  or  in  any  other  state,  deep  into  the 
interior  of  the  earth  or  down  to  the  very  focus  of  volcanic  action.  It  is 
somewhat  remarkable,  indeed,  that  the  gases  of  Vulcano,  which  are 
accompanied  with  vapour,  and  contain  air  so  poor  in  oxygen  and  so. 
rich  in  nitrogen,  are  those  which,  as  stated  by  Mr.  Warington, 
deposit  sulphur,  boracic  acid,  and  muriate  and  hydriodate  of  am- 

monia, exhibiting  therefore  so  great  an  excess  of  nitrogen  as  almost 
to  demonstrate  that  the  reactions  which  gave  rise  to  the  production 
of  ammonia  and  the  collection  of  an  excess  of  nitrogen  must  have 
been  internal.  The  gas  proceeding  from  the  spring  of  Santa  Yene- 
rina  on  the  flank  of  Etna  yields  nitrogen  entirely  free  from  oxygen ; 
and  M.  Deville  states  that  he  looks  upon  volcanos  as  vast  chimneys 
into  which,  by  means  of  the  lateral  fissures  connected  with  them,  the 
atmosphere  is  sucked  in,  and  there  freed  by  combustion  of  all  or 
part  of  its  oxygen,  and  that  the  emanations  from  vents  in  a  plane  of 
eruption  exhibit  a  combustion  less  and  less  energetic  as  it  recedes 
from  the  centre  of  activity,  which  corresponds  with  the  view  already 
enunciated, — namely,  that  in  any  one  vent  the  intensity  of  action  will 
diminish  in  proportion  to  the  time  elapsed  since  the  commencement 
of  the  eruption,  but  in  many  contemporaneous  vents  the  intensity 
will  be  in  proportion  to  their  distance  fiom  the  focus  of  eruption  or 
main  crater.  This  notice  of  the  labours  of  M.  Deville  will,  it  is 

trusted,  convey  an  adequate  idea  of  their  importance,  either  as  bear- 
ing upon  the  subject  brought  under  our  notice  by  Dr.  Daubeny,  or 

upon  the  still  higher  generalizations  of  physical  geology.  The  ope- 
rations of  the  volcanic  laboratory  may  be  investigated  in  the  labo- 

ratory of  the  chemist,  and,  when  once  satisfactorily  explained,  afford 
a  clue  to  the  investigation  of  phaenomena,  of  which  the  mode  of 
production  has  long  since  been  veiled  from  direct  observation. 

M.  J.  Durocher  has  directed  his  attention  to  another  form  of  this 

interesting  inquiry,  and  has  studied  with  much  attention  the  chemical 
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constitution  of  igneous  rocks  for  more  than  twelve  years.  Kesearches 
of  this  kind  illustrate  the  manner  in  which  the  simple  elements  of 
the  crust  of  the  earth  have  been  so  combined  as  to  produce  rocks  of 

considerable  apparent,  but  little  real  difference.  It  is  for  this  pur- 
pose that  M.  Durocher  investigates  with  great  care  the  atomic  pro- 

perties of  the  oxygen  of  the  silica  and  of  the  bases  of  these  magmas, 
the  solidification  of  which  has  produced  the  igneous  rocks.  In  the 
hornblendic  series,  the  ratio  of  the  oxygen  of  the  silica  to  that  of  the 
bases  exceeds  3  to  1,  except  in  trachytic  lavas  and  phonolites ;  so  that, 
on  the  magma  solidifying,  it  is  resolved  entirely  into  a  crystalline 
mass,  and  the  silica  which  is  in  excess  becomes  free  in  the  form  of 

quartz.  In  granite,  the  proportion  between  the  oxygen  of  the  alu- 
mina and  that  of  the  alkaline  and  alkali-earthy  bases  is,  on  the 

average,  3*7  to  1 ;  and,  as  there  is  more  alumina  than  is  necessary  to 
produce  merely  a  felspathic  mineral,  the  excess  of  alumina  contributes 
to  the  production  of  mica.  In  normal  granite  there  is  about  35  per 

cent,  of  quartz,  and  40  to  45  of  felspar  which  has  absorbed  |-ths  of  the 
alumina,  the  remaining  J-ths  serving  to  produce  the  mica  in  the  pro- 

portion of  20  to  35  per  cent.  ;  and  M.  Durocher  observes  that  the 
same  magma,  on  solidifying,  may,  through  a  variation  of  circumstances, 
take  the  form  of  a  granite,  sometimes  more  rich  in  felspar,  and  some- 

times in  mica  and  quartz.  Where  the  oxygen  of  the  alumina  in  the 
erupted  mass  was  nearly  three  times  that  of  the  protoxides,  very 
little  mica  was  found,  and  a  pegmatite  more  or  less  rich  in  felspar 

was  the  result.  It  is  easy  indeed  to  imagine  how  readily  the  varia- 
tions of  physical  circumstances  sometimes  consequent  on  tranquillity, 

sometimes  on  disturbance,  must  tend  to  alter  the  distribution  of 
the  mineral  elements,  and  thus  to  produce,  on  solidification,  different 
results ;  it  is  curious  also  to  observe  how  in  the  long  series  of 
events  the  alumina  becomes  proportionally  diminished,  and  gives 
rise  to  newer  forms  of  igneous  rocks.  M.  Durocher  states  that,  in 
the  felspathic  rocks  of  the  tertiary  and  recent  epochs,  the  oxygen 
of  the  alumina  bears  a  proportion  to  that  of  the  alkaline  and 

earthy-alkaline  bases  of  less  than  3  to  1 ;  so  that  all  the  magma  can- 
not be  changed  into  felspar,  and  part  continues  in  the  state  of  a 

paste,  or  forms  other  minerals  less  aluminous  than  felspar.  These 
and  many  other  variations  in  the  resulting  rocks  produced  by  the 
solidification  of  the  magma  are  described  by  M.  Durocher,  and  the 
general  atomic  relations  shown  by  tables ;  and  this  is  the  interesting 

conclusion  of  one  of  his  papers,  "  the  present  essay  has  exhibited 
the  physical,  chemical,  and  geogenic  relations  which  connect  together 
the  igneous  rocks,  however  varied  in  their  aspect.  The  clearness  with 
which  these  relations  have  been  unravelled  confirms  the  proposition 
I  have  laid  down,  that  all  igneous  rocks  have  been  derived  from  two 

mineral  beds  or  layers,  situated  below  the  crust  of  the  earth — one 
characterized  by  its  richness  in  silica,  and  the  other,  though  poorer 
in  silica  and  in  alkalies,  containing  a  very  much  larger  proportion 
of  alkaline  earths  and  oxide  of  iron,  and  at  the  same  time  dis- 

tinguished by  very  different  atomic  proportions.  I  have  thus  suc- 
cessively thrown  light  upon  the  mutual  relations  of  eruptive  products, 
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on  the  generation  of  the  minerals  they  contain,  on  the  history  of 
their  emission,  which  I  have  simplified,  and  on  their  natural  clas- 

sification." 
According  to  M.  Durocher's  view,  silicium  performs  the  same  office 

in  the  mineral  kingdom  as  carbon  performs  in  the  organic  world, 
acting  as  a  polybasic  acid,  and  uniting  with  the  oxides  in  very  differ- 

ent proportions,  so  as  to  give  rise  to  a  great  variety  of  combinations ; 
and  hence  that  the  minerals  which  constitute  rocks  must  depend 
principally  upon  the  materials  brought  into  chemical  action.  After 
comparing  his  own  chemical  analyses  with  those  recorded  in  the 
works  of  other  writers,  M.  Durocher  concludes  that  the  granites, 
eurites  or  felspathic  and  quartziferous  porphyries,  trachytes,  phono- 
lites,  pearlstones,  obsidians,  pumice,  and  lavas,  rich  in  vitreous  fel- 

spar, were  produced  from  the  first  of  his  magmas,  whilst  diorites, 
ophites,  melaphyres,  euphotides,  hyperites,  traps,  basalts,  and  augitic 
lavas  proceeded  from  the  second. 

M.  Durocher  also  states  that,  if  the  different  varieties  of  one  type 
of  rock,  such  as  granite,  be  examined,  there  will  be  often  found  a 
greater  difference  in  their  elementary  composition  than  in  that  of 
different  species  proceeding  from  the  same  magma ;  as,  for  example, 
those  between  granite  and  a  trachyte  or  a  pumice,  and  he  then 
arranges  in  a  tabular  form  the  several  species  supposed  to  proceed 
from  each  magma ;  remarking  that  the  differences  are  equally  due 
to  the  conditions  of  pressure,  temperature,  and  cooling  as  to  mere 
elementary  composition,  and  he  adds  that  the  magmas  which  have 
produced  igneous  rocks  are  similar  to  metallic  baths  containing 
in  a  state  of  fusion  various  metals,  which  on  cooling  give  rise  to  alloys 
differing  from  each  other  according  to  the  circumstances  of  solidi- 

fication. He  adds  that,  where  the  two  layers  or  magmas  are  in  con- 
tact, hybrid  products  are  formed,  or  rocks  which  have  petrographic 

and  geological  affinities,  sometimes  approximating  them  to  the  time 
rocks  of  one  magma,  sometimes  to  those  of  the  other.  The  upper 
zone,  rich  in  silica,  and  poor  in  earthy  bases  and  in  oxide  of  iron, 
has  the  least  density,  and  its  specific  gravity  differs  from  that  of  the 
lower  as  much  as  oil  in  this  respect  differs  from  water, — a  circum- 

stance to  which  is  due  the  permanent  separation  of  the  two  magmas. 

The  solid  crust,  therefore,  of  the  globe  rests,  in  M.  Durocher's  opinion, 
upon  a  fluid  zone  composed  of  two  distinct  layers  :  the  upi:>er,  which 
is  the  most  refractory,  being  only  semifluid  or  pasty  ;  the  second  much 
more  fluid  and  dense.  It  is  to  this  second  magma,  so  rich  in  oxide  of 
iron,  that  he  ascribes  the  eruptions  of  oxidulous  iron  which  have  ap- 

peared in  the  manner  of  igneous  rocks  in  Italy,  the  Oural  Mountains, 
and  Scandinavia,  being  connected  with  hornblendic  or  augitic  rocks  ; 
and  in  the  upper  bed  he  considers  that  light  or  volatile  bodies  would 
be  concentrated,  such  as  alkaline  metals,  fluor,  boron,  &c. :  it  is  indeed 

amongst  granite  rocks  proceeding  from  this  layer  that  the  fluor-sili- 
cates,  boro-silicates,  as  mica,  topaz,  tourmaline,  &c,  have  been  usu- 

ally found.  There  is  of  course  much  speculation  in  this  theory  of  M. 
Durocher ;  but  the  attempt  to  penetrate  through  the  mystery  which 
hangs  over  the  production  of  the  great  variety  of  igneous  rocks,  and 
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to  discover  the  mode  in  which  nature  worked  in  its  internal  labo- 
ratory, displays  great  ingenuity.  In  fact,  geology  has  now  arrived  at 

such  a  stage  that  nothing  short  of  a  complete  explanation  of  the  great 

problem  of  the  earth's  history  in  all  its  relations,  whether  purely 
chemical,  physical,  or  organic,  will  satisfy  the  philosophical  geologist. 

Geologists  are  all  aware  that  the  recognition,  as  an  incontrovertible 
fact,  of  the  increase  of  temperature  in  descending  from  the  surface 
towards  the  centre  of  the  earth,  in  whatever  way  the  experiments  may 
have  been  made,  whether  in  Artesian  borings,  or  in  the  shafts  of  mines, 
or  by  the  examination  of  hot  springs,  was  considered  a  certain  proof 
of  the  existence  of  a  source  of  internal  heat,  due  to  the  retention  of 
a  portion  of  the  original  heat  of  the  planet  when  in  a  state  of  igneous 

liquidity,  by  some  part  of  the  internal  nucleus.  "When  this  theory  was first  propounded,  many  objections  were  urged  in  opposition  to  the 
fact  itself,  but  when  it  had  been  satisfactorily  proved  that  no  acci- 

dental circumstances  could  account  for  the  increase  of  temperature,  the 
question  appeared  settled,  and  the  theory  was  adopted  without  further 
hesitation.  One  remarkable  circumstance  had,  however,  been  noticed, 
namely,  that  the  rate  of  increase  varied  in  different  places,  or  in 
different  deposits ;  and  this  fact  has  suggested,  to  our  great  physical 
geologist  and  former  president,  an  eocperimentum  cruris,  to  which  he 
has  subjected  the  theory.  It  is  this, — that  according  to  the  ordinary 
law  of  the  distribution  of  heat,  the  progressive  increase  of  tempera- 

ture from  above  downwards  should  be  in  an  inverse  proportion  to  the 
conducting  power  of  the  strata  bored  or  sunk  through.  After  a  care- 

ful experimental  examination  of  the  subject,  he  comes  to  the  con- 
clusion that  the  rate  of  increase  does  not  conform  to  this  law,  and, 

hence,  that  some  other  mode  of  explanation  must  be  sought  for,  the 
fact  remaining,  as  before,  uncontroverted.  It  is  hard  to  abandon  a 
favourite  theory  so  pregnant  in  deductions  of  great  interest ;  and  there 
can  be  no  doubt  that  both  the  experiments  and  reasonings  of  Mr. 
Hopkins  will  undergo  a  rigorous  examination ;  but  should  their  accu- 

racy be  fully  established,  it  will  be  better  that  we  should  be  put 
upon  a  new  scent  and  an  active  hunt,  rather  than  be  allowed  to 
repose  in  an  unwarranted  confidence  that  we  had  solved  so  great  a 

problem  in  the  earth's  history. 
Another  able  investigator  of  the  physical  conditions  of  the  earth 

is  Mr.  H.  Hennessy,  F.R.S.,  who,  in  a  recent  paper  on  the  Physical 
Structure  of  the  Earth,  has  brought  forward  additional  developments 
and  illustrations  of  the  views  he  had  already  put  forward  in  other 
publications.  He  quotes  a  result  at  which  he  arrived  by  a  mathe- 

matical examination  of  the  figure  of  a  spheroid  acted  on  by  the 
abrasion  of  water,  in  order  to  show  that  the  earth  could  not  have 
acquired  its  present  figure  by  the  action  of  its  watery  envelope  alone, 
as  maintained  by  some  distinguished  philosophers. 

Assuming,  therefore,  the  earth  to  have  been  in  a  state  of  fluidity 
from  intense  heat,  he  proceeds  to  consider  the  way  in  which,  accord- 

ing to  known  mechanical  and  physical  laws,  such  a  fluid  mass  may 
have  passed  into  the  actual  condition  in  which  we  find  our  planet. 
He  observes  that  the  increase  of  density  of  the  strata  of  the  fluid  in 
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proceeding  from  its  surface  to  its  centre,  consequent  on  the  overlying 
strata  compressing  those  included  within  them,  would  render  the 

process  of  "convection"  very  different  from  that  which  takes  place  in  a 
homogeneous  and  limpid  fluid,  such  as  warm  water,  and  thus  the  prin- 

cipal oscillations  of  the  fluid  would  be  confined  to  the  vicinity  of  the 
surface.  As  explanatory  of  the  influence  of  the  viscidity  of  the  fluid, 
the  consolidation  of  the  surface  of  lava-streams  is  adduced,  as  it  shows 
how  a  continuous  solid  covering  may  be  gradually  formed  over  matter 
still  continuing  in  a  fused  condition  beneath.  The  probably  imper- 

fectly consolidated,  porous,  or  scoriaceous  condition  of  the  first-soli- 
dified portions  of  such  a  fluid  mass  would,  as  he  has  subsequently 

remarked,  greatly  facilitate  the  formation  of  a  solid  crust ;  and  if  the 

first  superficial  pellicle  of  the  earth's  crust  had  been  formed  in  this 
way,  it  would  manifestly  be  much  more  easily  disintegrated  and 
removed  than  the  harder  and  more  slowly  consolidated  crystalline 
masses  beneath. 

In  further  considering  the  physical  and  mechanical  actions  by  which 

the  earth's  internal  structure  may  have  been  effected,  Mr.  Hennessy 
strongly  objects  to  the  adoption  of  the  supposition,  regarding  the 
fluid  matter  from  which  the  crust  of  the  earth  has  solidified,  that 

the  change  of  consistence  of  the  earth's  materials  produced  no  change 
in  their  distribution.  This  hypothesis  he  rejects  as  improbable,  and 
considers  it  more  philosophical  to  base  our  views  regarding  the 

changes  of  state  in  the  earth's  materials  upon  the  evidence  afforded 
by  those  materials  which  come  under  our  actual  notice.  The  nature 

of  the  earth's  internal  structure  appears  to  depend  greatly  upon  the 
manner  in  which  its  fluid  portions  have  passed  into  a  solid  state  ;  and 
Mr.  Hennessy  points  out  that  a  consequence  deducible  from  his  views 

of  the  earth's  structure,  and  from  a  result  obtained  by  Mr.  Hopkins, 
would  prove  the  existence  of  considerable  pressure  and  friction  be- 

tween the  fluid  nucleus  of  the  earth  and  its  solid  envelope.  The 
physical  causes  on  which  this  pressure  depends  are  shown  to  be 
involved  in  the  gradual  increase  of  density  of  the  fluid  towards  its 
central  portions.  The  connexion  of  these  views  with  that  portion  of 

geological  dynamics  which  embraces  the  study  of  the  greater  eleva- 
tory  movements  on  the  surface  of  our  planet  is  briefly  pointed  out. 

"Without  implying  the  correctness  of  all  the  conclusions  stated  by  M. 
Elie  de  Beaumont,  Mr.  Hennessy  is  satisfied  that  the  eminent  French 
geologist  has  shown  such  an  amount  of  connexion  between  very 
widely  distributed  phenomena  of  elevation  as  indicates  the  operation 
of  general  and  wide-spread  disturbing  agencies  beneath  the  crust  of 
the  earth.  But,  instead  of  attributing,  with  De  Beaumont  and 
Humboldt,  these  phenomena  to  the  successive  collapse  of  the  crust 
of  the  earth  upon  a  more  rapidly  contracting  nucleus,  Mr.  Hennessy 
refers  it  to  the  pressure  he  had  before  explained.  Illustrating  his 
views  from  the  equilibrium  of  arches,  he  shows  that  a  pressure 

acting  in  the  direction  required  to  produce  subsidence  of  the  earth's 
crust  upon  the  nucleus,  would  be  far  more  resisted  than  a  press- 

ure acting  in  the  contrary  direction.  The  action  of  an  interior 
expanding  elevatory  force  upon  the  crust  of  the  earth  appears  to 
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Mr.  Hennessy  more  calculated  to  produce  symmetrical  relations  in 
the  lines  of  fracture  and  elevation  of  that  crust,  than  the  squeezing 
or  crushing  actions  that  would  accompany  a  series  of  great  subsi- 

dences. The  obvious  connexion  between  the  disturbances  of  the 
crust  of  the  earth  and  its  thickness  has  produced  some  remarks  on 
that  point.  If  gravity  were  rigorously  perpendicular  to  the  outer 

surface  of  the  earth's  crust,  its  thickness  might  be  extremely  small 
compared  to  the  earth's  radius,  or  the  earth  might  be  solid  from  its surface  to  its  centre :  the  manner  in  which  Professor  Stokes  has 

deduced  Clairault's  theorem  shows,  as  remarked  by  Mr.  Hennessy, 
that  the  variation  of  gravity  over  the  earth's  surface,  and  other  great 
statical  and  dynamical  results  of  the  earth's  structure,  would  be 
then  precisely  the  same,  whatever  might  be  its  internal  constitution. 
But  although  gravity  acts  perpendicularly  to  the  surface  of  the 

ocean,  that  does  not  prove  its  perpendicularity  to  the  earth's  solid 
crust;  and  reasons  are  adduced  for  coming  to  a  different  con- 

clusion; whence  Mr.  Hennessy  infers  that  we  cannot  at  present 

consider  the  thickness  of  the  earth's  crust  as  an  inappreciable  fraction 
of  the  earth's  radius.  On  the  other  hand,  he  considers  Mr.  Hopkins's 
estimate  of  the  thickness  of  the  earth's  crust  as  not  conclusive,  because 
it  essentially  depends  upon  the  hypothesis  that  the  process  of  soli- 

dification of  the  earth  was  accompanied  by  no  change  in  the  distribu- 
tion of  its  particles. 

The  very  clear  explanation  of  the  views  intended  to  be  expressed  in 
his  late  essays,  with  which  I  have  been  favoured  by  Mr.  Hennessy,  has 
enabled  me  to  put  other  physical  geologists  in  a  position  to  estimate 
their  value ;  and  I  have  thus  done  justice  to  one  who  is  following 
closely  and  with  great  ability  in  the  footsteps  of  Mr.  Hopkins.  The 

purely  physical  investigation  of  the  phenomena  of  the  earth's  crust 
cannot  be  in  better  hands  than  those  of  our  former  president  and  of 
his  two  Irish  coadjutors  Hennessy  and  Haughton,  whilst  there  are 
many  of  our  members  who  are  quite,  capable  of  following  Dr.  Daubeny 
in  the  purely  chemical  investigation. 

Amongst  the  phenomena  which  still  require  much  elucidation  are 
those  of  metamorphism  ;  and  it  appears  to  me  that  we  are  at  present 
allowing  our  foreign  friends  to  make  a  monopoly  of  that  class  of 
research.  M.  Delesse  has,  for  example,  distinguished  himself  by  his 
efforts  to  clear  up  the  difficulties  which  hang  over  the  subject  of 

metamorphism ;  and  I  shall  therefore  briefly  notice  his  '  Etudes  sur 
le  Metamorphisme '  here,  as  a  preparative  for  an  abstract  of  his 
papers,  which  he  has  transmitted  to  me,  and  a  translation  of  which 

I  propose  to  insert  in  a  future  number  of  the  i  Journal.' 
M.  Delesse  rightly  observes  that  the  term  "  metamorphism,"  taken 

in  its  more  general  acceptation,  comprises  all  the  changes  through 
which  rocks  have  passed ;  and  it  may  indeed  be  said  that  scarcely  any 
rock  or  stratum  can  be  studied  in  its  original  condition,  as  every  one, 
whether  it  be  a  sandstone,  a  conglomerate,  a  shale,  a  schist,  a 
limestone,  a  trap,  or  a  granite,  has  undergone  some  modification, — 
consolidation  being  a  process  subsequent  to  deposition,  and  crystal- 

lization subsequent  to  some  form  of  liquefaction.  He  then  introduces 
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the  following  classification  as  necessary  to  facilitate  the  study  of  so 
comprehensive  a  subject :  viz.,  1st,  normal  or  general  metamorphism, 
depending  upon  causes  which  have  acted  upon  a  grand  scale,  but 
generally  in  an  imperceptible  manner ;  2nd,  abnormal  or  special 
metamorphism,  which  depends  upon  partial  causes,  visible  in  their 
modes  of  action,  and  generally  limited  in  extent.  To  this  latter 
class  of  metamorphism,  and  more  especially  to  metamorphism  of 
contact,  M.  Delesse  con  fines  his  attention  at  present,  remarking  that, 
though  it  is  the  most  simple,  it  yet  affords  a  vast  field  for  inquiry ;  and 
in  this  restriction  he  acts  wisely,  as  it  cannot  be  doubted  that  the 
safest  way  to  arrive  at  a  correct  conclusion  as  to  the  possibility  of 
certain  effects  having  been  produced  by  the  more  obscure  forces  of 
nature,  is  to  ascertain  what  those  forces  which  can  be  observed 
almost  in  action,  and  which  have  some  analogy  (at  least  in  results) 
with  the  forces  which  may  be  called  into  action  in  our  laboratories, 
are  capable  of  producing. 

M.  Delesse  gives  a  goodly  list  of  the  various  European  and  Ame- 
rican authors  who  have  in  some  one  point  of  view  or  another,  as 

M.  Delesse  observes,  referred  to  the  subject  since  the  time  when 
Hutton  first  brought  it  within  the  range  of  true  science ;  but  it 
must  be  admitted  that  many  of  these  authors  have  merely  referred 
to  metamorphism  as  a  matter  of  fact,  and  that  some  have  occasionally 

assumed  for  it  powers  at  variance  with  the  laws,  chemical  and  phy- 
sical, of  nature. 

When  a  dyke  or  vein  of  intruded  mineral  matter  can  be  so  observed 
that  the  portion  of  the  rock  of  deposition  through  which  it  passes 
exhibits  the  effect  of  its  contact,  whilst  the  portions  distant  from  it 
retain  their  original  condition,  or  rather  their  actual  condition 
at  the  time  of  the  eruption,  there  can  be  no  reasonable  difficulty 
in  assigning  the  effect  to  its  cause,  though  there  may  yet  be  a 
doubt  as  to  the  manner  in  which  that  cause  had  acted.  One  of  the 

best  methods  of  obtaining  a  clue  to  this  very  obscure  question  is 
to  study  the  different  effects  produced  on  various  substances  by  the 
same  operating  cause — bearing  also  in  mind,  that  here,  as  in  every 
exhibition  of  natural  forces,  action  and  reaction  always  accompany 
each  other,  the  intruded  rock  acting  upon  the  mineral  matter  through 
which  it  passes,  whilst  the  latter  reacts  upon  the  intruded  rock,  the 
two  forms  of  metamorphism  being  thus  called  by  Cotta,  direct  and 
inverse,  and  by  Fournet  exomorphism  and  endomorphism, — cita- 

tions which,  it  will  be  observed,  I  quote  from  M.  Delesse.  The  effect 
of  the  direct  action  of  the  erupted  rock  is,  however,  generally  greater 
than  the  inverse  action  of  the  rocks  through  which  it  passes,  as  its 
plastic  state  gives  it  a  facility  in  penetrating  and  operating  upon 
the  more  rigid  materials  of  the  enveloping  rock,  which  the  latter 
does  not  possess.  Its  action  also  is,  doubtless,  assisted  (as  suggested 
by  M.  Elie  de  Beaumont)  by  the  filtration  of  water  charged  with 
mineral  matter,  or  by  the  disengagement  of  gaseous  and  vaporous 
emanations  from  its  mass.  On  this  point,  however,  it  is  necessary 
that  I  should  observe  that  the  abstraction  of  certain  portions  of  its 
elementary  constituents  from  the  intruded  rock  of  eruption  must 

»2 
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necessarily  induce  a  very  great  change  in  its  ultimate  condition,  quite 
independent  of  the  possible  introduction  into  its  mass  of  other  ele- 

mentary constituents  derived  from  the  enveloping  strata.  Here, 
again,  the  examination  of  the  reciprocal  effects  produced  by  the  pas- 

sage of  erupted  rocks  through  various  substances  has  the  advantage 
of  not  only  showing  the  difference  of  the  results  produced  on  the 
enveloping  rocks,  but  also  on  the  erupted  rocks  themselves,  which, 
however  different  they  appear  in  their  final  condition,  may  possibly 
be  reduced  to  the  same  original  by  such  inquiries.  As  M.  Delesse 

observes,  quoting  an  old  proverb,  "  just  as  the  workman  is  known 
from  his  work,"  so  also  from  the  study  of  metamorphosed  rocks  may 
be  traced  out  the  true  history  of  the  erupted  rocks  which  have  pro- 

duced them. 

M.  Delesse  begins  his  inquiry  with  direct  metamorphism,  or  that 
change  produced  on  the  enveloping  strata  by  the  erupted  rock,  and 
limits  himself  first  to  the  effects  produced  by  the  eruption  of  truly 
siliceous  rocks,  such  as  lavas,  trap-rocks,  and  granites.  The  term 
lava  is  restricted  to  those  flowing  mineral  masses  anhydrous  in  com- 

position and  manifestly  of  igneous  origin.  Trap -rocks  are  hydrated 
mineral  masses,  the  base  of  which  is  a  hydrated  felspar  of  the  sixth 
system,  anorthose,and  which  may  be  therefore  called  anorthose  rocks : 
they  include  basalt,  dolerite,  hyperite,  euphotide,  trap,  diorite, 
hornblende-rock,  greenstone,  kersantite,  &c,  to  which  are  added 

"  Sherzolithe"  and  serpentine.  Granite-rocks  contain,  as  an  essen- 
tial element,  orthose  felspar,  and  may  be  therefore  called  orthose- 

rocks :  they  include  granite  (as  the  type),  syenite,  protogine,  por- 
phyry, eurite,  minette,  and  even  gneiss.  The  family  of  trachytes, 

containing  vitreous  felspar,  belongs  to  the  orthose-rocks ;  but,  as  some 
of  them  are  hydrated  rocks,  such  as  retinite,  perlite,  phonolite,  and 
even  obsidian,  the  metamorphism  they  have  produced  differs  in 
character  from  that  of  granitic  rocks,  and  they  must  therefore  be 
classed  with  the  trap-rocks,  so  that  all  hydrated  volcanic  rocks  are 
grouped  together  as  traps.  The  metamorphism  produced  by  granitic 
rocks  is  not  so  easily  traced  out  as  that  proceeding  from  the  action  of 
trap  rocks,  since  it  generally  happens  that  the  enveloping  rocks  are 
also  crystalline,  and  that  it  becomes  therefore  no  easy  matter  to 
determine  the  line  of  demarcation  between  the  granitic  nucleus  and 
the  granitic  envelope,  or  to  distinguish  between  the  action  of  special 
and  of  general  or  normal  metamorphism.  M.  Delesse  therefore 

begins  by  explaining  the  metamorphic  action  of  trap -rocks  ;  and  he 
investigates  the  effect  produced  on  mineral  substances  such  as  the 
ores  of  iron,  on  combustible  substances,  on  felspathic  rocks,  on  lime- 

stones, and  on  siliceous  and  on  argillaceous  rocks,  first  citing  the  actual 
facts  he  has  either  observed  himself  in  nature  or  in  well- authenticated 

specimens,  then  describing  the  erupted  rock  and  bringing  into  com- 
parison the  original  and  the  metamorphosed  condition  of  the  rock 

upon  which  it  has  acted, — the  principal  mineralogical  and  chemical 
characters  of  all  these  being  carefully  determined,  so  that  both  the 
physical  changes  of  structure  and  density,  as  well  as  the  alteration 
of  composition  from  the  loss  of  particular  elementary  substances, 
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may  stand  revealed.  At  this  point  it  may  be  observed  that  M. 
Delesse  soon  convinced  himself  that  the  effect  of  heat  as  an  agent 
of  metamorphism  has  been  mnch  exaggerated,  and  even  that  porcel- 
lanite,  so  often  assimilated  as  an  igneous  product  to  the  vitreous 
slags  of  furnaces,  which  are  produced  by  the  action  of  beds  of  coal 
in  a  state  of  ignition,  has  only  very  partially  owed  its  production 
to  heat.  Nor  is  this  all,  as  he  considers  that  the  same  remark 
applies  to  various  other  rocks,  both  metamorphic  and  eruptive,  the 
formation  of  which  has  been  exclusively  ascribed  to  heat. 

To  solve  a  question  of  this  kind,  M.  Delesse  first  submitted  the 
various  rocks  to  the  action  of  heat  in  the  laboratory,  as  the  effects 
upon  some  substances  may  be  very  great,  and  upon  others  very  slight. 
The  prismatic  structure  which  the  lining  of  furnaces  assumes  by 
heat  has  often  been  noticed,  as  also  the  vitrified  scoriaceous  con- 

dition assumed  by  many  substances  ;  but  all  these  bear  about  them 
marks  of  their  origin  which  are  easily  recognized.  As  the  action 
of  heat  necessarily  varies  with  the  composition  of  rocks,  M.  Delesse 

briefly  notices  the  peculiarities  of  metamorphism  which  they  ex- 
hibit :  thus,  combustibles  lose  their  water  and  volatile  constituents, 

and  are  converted  into  charcoal  or  coke,  but  are  never  by  heat 
alone  transformed  into  anthracite, — the  temperature  necessary  for 
producing  these  effects  being  much  less  than  is  usually  supposed, 
as  the  heat  required  for  distillation  of  the  bituminous  matters  ranges 

from  500°  in  turf  and  572°  in  lignite,  to  752°  in  coal  and  anthra- 
cite, or  in  all  cases  a  temperature  below  red  heat.  On  this  point 

M.  Delesse  observes  that,  admitting  the  progressive  increase  of 
temperature  in  penetrating  towards  the  interior  to  be  at  the  uniform 

rate  of  1°  for  60  feet,  the  highest  temperature  above  named  would  be 
possessed  by  a  rock  erupted  from  a  depth  of  about  9-1-  miles, — whilst 
the  great  change  produced  by  the  expulsion  of  the  larger  portion  of 
the  water  of  the  combustible  substances  being  effected  at  a  tempera- 

ture little  above  212°,  the  eruption  of  a  rock  from  a  depth  of  2\ 
miles  would  be  sufficient  to  produce  such  an  effect.  I  need  scarcely 
observe  that  this  reasoning  simply  implies  that  an  increase  of  tem- 

perature proportionate  to  the  depth  below  the  surface  of  the  earth 
is  an  observed  fact,  and  leaves  untouched  the  question  as  to  the  true 
cause  of  that  increase.  It  is  only  necessary  to  name  the  other  agen- 

cies which  M.  Delesse  cites  as  capable  of  abstracting  the  bituminous 
and  volatile  matter  of  combustibles,  such  as  benzine,  itself  a  product 
of  the  distillation  of  coal,  alkalies  and  alkaline  carbonates,  and  highly 

heated  currents  of  water,  charged  with  mineral  and  especially  alka- 
line matter,  traversing  the  beds  of  combustible  matter  when  situated 

deep  in  the  interior.  M.  Delesse  indeed  concludes  from  this  latter 
fact,  that  the  difference  between  lignite,  coal,  anthracite,  and  graphite 
is  rather  due  to  the  metamorphic  action  produced  by  this  aqueous 
action  than  to  a  simple  dry  distillation. 

Pure  calcareous  rocks  would  lose  by  heat  alone  their  carbonic  acid, 
and  be  brought  as  caustic  lime  into  a  condition  to  undergo  further 
change  ;  but  marls  or  impure  limestones  might  enter  into  fusion, 
and  thereby  undergo  a  complete  change.     Sulphate  of  lime,  even  at 
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a  temperature  of  248°,  loses  its  water ;  and,  if  heated  to  a  much 
higher  temperature,  does  not  regain  it ;  so  that  it  may  be  reasonably 
assumed  that  contact  with  an  igneous  rock  of  intrusion  would 
change  gypsum  into  anhydrite. 

The  action  of  heat  upon  siliceous  rocks  is  somewhat  different  in 
character,  and  had  been  the  subject  of  a  previous  essay  of  M.  Delesse. 
Their  fusibility  diminishes  with  the  increased  amount  of  their  silica ; 
and  they  fuse  either  into  a  glass  or  into  a  scoria  more  or  less 
crystalline,  at  the  same  time  being  diminished  in  density,  and  after 
fusion  being  readily  acted  upon  by  alkalies. 

As  prismatic  sandstones  are  often  found  in  contact  with  trap- 
dykes,  M.  Delesse  has  tried  what  the  effect  of  the  action  of  alkalies 
would  be  on  a  sandstone  forming  the  lining  of  a  furnace,  and  which 

had  assumed  a  prismatic  condition  as  the  effect  of  heat.  This  sand- 
stone was  very  quartzose  and  cellular,  or  melted  only  in  some  few 

points.  When  boiled  in  a  concentrated  solution  of  potash,  4*5  of  the 
silica  was  extracted, — this  experiment  proving  that,  by  the  joint 
action  of  heat  and  the  alkaline  constituents  of  an  igneous  intru- 

sive rock,  the  metamorphic  effects  would  be  considerable,  as  the 
rock  is  brought  by  the  heat  into  a  condition  in  which  it  becomes 
subject  to  the  alkaline  action. 

It  is  manifest  that  hitherto  M.  Delesse  has  estimated  the  effects 

produced  under  the  simplest  aspect  of  the  operations  of  natural 
causes ;  but,  as  in  Nature  the  causes  are  complicated  or  combined  (for 
example,  in  volcanos,  where  heat  acts  in  the  interior  of  the  earth 
subject  to  the  modifications  due  to  pressure  and  the  action  of 
vapour  and  disengaged  gases),  he  then  proceeds  to  give  examples  of 
the  alterations  both  of  minerals  and  of  rocks  by  subterranean  igni- 

tion such  as  often  occurs  in  coal-mines.  The  heat  thus  produced, 
and  under  such  circumstances,  has  been  found  sufficient  to  volatilize 
the  water,  and  disengage  the  carbonic  acid  of  the  argillaceous 
carbonate  of  iron,  and  to  produce  a  considerable  change  in  its 
physical  characters,  whilst  combustible  substances  have  also  undergone 
material  alteration  in  such  a  process.  In  this  latter  case,  the  carbon 
being  dissipated,  the  ashes  are  sometimes  too  refractory  to  melt,  as 

at  Menat  in  Auvergne,  where  the  ash  proceeding  from  the  spon- 
taneous combustion  of  a  bed  of  lignite  is  a  schistose  and  pulverulent 

tripoli  coloured  red  by  oxide  of  iron,  whilst  in  other  cases  they  have 
melted  and  are  vitrified.  Considerable  change  may  be  effected  also 
even  where  the  combustibles  are  not  burnt,  as  the  observations  of 

M.  Drian,  quoted  by  M.  Delesse,  prove — on  such  natural  combustions 
at  the  Montagne  de  Feu  near  Lyons.  The  first  alteration  is  indi- 

cated by  the  coal  becoming  iridescent ;  by  a  further  change  it 
becomes  cellular  and  cavernous,  as  well  as  harder  and  more  brilliant, 

and  finally  passes  into  a  coke  with  metallic  lustre  :  and  such  altera- 
tions have  been  extended  to  a  distance  of  several  yards  from  the 

ignited  coal,  the  metamorphosis  here  produced  being  analogous  to 
that  observed  in  contact  with  trap-rocks.  Siliceous  rocks  are  acted 
upon  nearly  in  the  same  manner  as  by  ordinary  calcination  :  they 
lose  their  water  or  other  volatile  constituents  ;  they  become,  if  argil- 
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laceous,  agglutinated  together,  tinted  of  various  colours,  ribanded 
like  jasper,  still  preserving  traces  of  stratification,  fragile,  hard,  and 
sonorous,  of  which  porcellanite  is  an  example  :  and  if  the  tempera- 

ture he  very  high,  they  are  melted  and  form  vitrified  substances, 

just  like  the  slags  of  a  forge  or  furnace.  These  subterranean  com- 
bustions yield  also  volatile  and  sublimed  products  like  volcanos,  as, 

for  example,  the  combustible  gases,  vapour  of  water,  specular  iron, 
sulphur,  hydrochlorate  of  ammonia,  and  other  salts.  It  is  right, 
however,  to  observe,  that  though  the  identity  of  the  effects  produced 
by  artificial  calcination  with  those  produced  by  the  combustion  of 
beds  of  coal  or  lignite  is  fully  established  by  these  observations,  it 
can  hardly  be  said  that  the  conditions  are  those  of  rocks  exposed  to 
intense  heat  under  great  pressure,  and  totally  excluded  from  the  air. 

This  latter  case  is  more  nearly  represented  by  the  effects  pro- 
duced by  lavas,  which  is  the  next  subject  of  the  inquiries  of 

M.  Delesse,  who  names  all  those  authors  who  had  preceded  him  in 
such  investigations.  At  the  Puy  de  Montehie,  in  Auvergne,  trunks 
of  trees,  more  or  less  carbonized,  are  found  imbedded  in  the  volcanic 
debris  which  forms  the  base  of  the  Puy.  The  charcoal  thus  formed 
is  of  a  rich  black  colour,  and  of  a  metallic  lustre ;  it  is  friable,  very 
porous,  light,  and  soils  the  fingers;  it  has  preserved  its  original 
woody  structure,  and  by  MM.  Lecocq  and  Bouillet  is  considered  to 
have  belonged  to  the  birch.  It  is  readily  combustible ;  and  its  com- 

position, as  determined  by  MM.  Lecocq  and  Bouillet,  is — carbon, 
52-50 ;  white  ashes,  consisting  of  carbonate  of  lime,  with  traces  of 
silica  and  alumina,  5*00 ;  loss  by  ignition,  42*50  ;  so  that  it  is  evi- 

dent that  the  water  and  volatile  matter  had  not  been  fully  expelled 
by  the  igneous  rocks,  to  the  action  of  which  the  combustible  body 
had  been  exposed. 

The  composition  of  another  example  of  wood  carbonized  by  lava, 

from  Auvergne,  M.  Delesse  found  to  be — carbon,  18*75 ;  ashes,  46*48, 
consisting  of  carbonate  of  lime,  6*21,  oxide  of  iron  with  a  little 
alumina,  40*27;  loss  by  ignition,  34*77.  As  charcoal  formed  arti- 

ficially contains,  when  manufactured  in  damp  air,  not  more  than  20 
per  cent,  of  volatile  matter,  it  is  clear  that,  even  in  this  example,  cal- 

cination under  such  circumstances  has  only  partially  expelled  the 
volatile  matter  of  the  wood,  whilst  both  analyses  show  that  the  charcoal 
has  been  impregnated  with  mineral  substances ;  so  that  the  black  or 
red  charcoal,  produced  by  the  action  of  the  lava  which,  as  at  Vesuvius 
where  these  effects  may  be  studied,  envelopes  the  wood  or  other  vege- 

table substances,  is  in  a  much  more  advanced  stage  of  metamorphosis 
than  any  artificially-formed  charcoal.  Felspathic  bodies  undergo  very 
material  change  from  contact  with  lava :  thus  the  granite  of  the 
Roches  Rouges,  near  the  Puy,  has  assumed  a  prismatic  structure ; 
the  fragments  of  granite  of  Denise,  near  the  Puy  (Haute  Loire),  im- 

bedded in  a  volcanic  scoria,  have  been  partly  melted,  and  have  assumed 
a  cellular  structure,  the  cavities  being  due  to  the  dissipation  of  the 
mica,  which  is  the  most  fusible  of  the  constituents  of  granite,  whilst 
the  quartz,  which  is  the  least,  remains  distinguishable. 

Many  other  examples  of  the  fusion,  either  partial  or  entire,  of 
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granitic  rocks  are  cited,  the  effects  being  similar  to  that  produced  on 
granite  in  a  glass-making  furnace,  the  quartz  alone  resisting  the 
action  of  the  heat ;  but  M.  Delesse  observes  that,  independently  of 
fusion  more  or  less  complete,  felspathic  rocks  become  impregnated 

with  "  fer  oligiste  "  and  other  sublimated  products  of  volcanoes,  and 
have,  like  other  rocks,  been  sometimes  attacked  by  acid  vapours.  In 
fact,  metamorphosis,  under  such  circumstances,  depends  on  the 
action  and  reaction  between  the  active  rock  and  the  rock  acted 

upon,  as  also  upon  the  effects  produced  by  other  agencies,  due  to  the 
eruption  of  gases  and  vapours,  simultaneously  with  the  principal 
agent,  the  erupted  rock. 

In  calcareous  rocks  it  is  remarkable  that,  though  in  general  they 
are,  by  contact  with  lavas,  rendered  crystalline  and  granular,  or  in 
some  cases  highly  saccharoid,  like  marble,  they  appear  on  other 
occasions  to  have  undergone  scarcely  any  alteration.     This  meta- 
morphism,  due  to  heat  combined  with  pressure,  has  been  well  under- 

stood since  the  experiments  of  Sir  James  Hall,  confirmed  as  they 
have  been  by  those  of  several   subsequent  chemists :   M.  Delesse 
observes,  however,  that  neither  a  great  amount  of  pressure  or  of 
heat  is  necessary  to  produce  it,  and  adduces  as  a  proof  the  pro- 

duction of  crystalline  stalactites,  and  even  beds  of  a  similar  lime- 
stone, without  the  aid  of  heat, — an  example  not,  however,  in  my 

opinion,  analogous,  as  in  this  case  the  molecules  have  been  enabled 
to  move  by  a  previous  solution  of  the  body  in  water,  whereas  in  the 
other  the  cohesive  attraction  between  the  particles  required  the  action 
of  heat  to  allow  mobility.     It  appears  to  me,  indeed,  that  the  occa- 

sional absence  of  the  effects  of  metamorphic  action  indicates  that  in 
such  cases  the  pressure  had  not  only  prevented  the  escape  of  the 
volatile  constituents,  but  had  also  neutralized  the  effort  of  heat  to 
destroy  the  force  of  cohesion,  and  thus  to  allow  the  particles  to 
move  amongst  themselves,     If  so,  it  is  due  to  some  modification  in 
the  circumstances,  as  yet  to  be  explained  by  positive  facts,  though 
easily  guessed  at  as  a  speculation.    Other  more  complex  effects,  such 
as  the  introduction  of  magnesia  into  the  rock,  or  (in  the  case  of  the 
saccharoid  limestone  of  Somma,  specially  studied  and  described  by 
M.  Delesse)  numerous  minerals,  are  due   to   the  reactions  before 
noticed  in  respect  to  felspathic  rocks,  the  limestone  being  originally 
marly  or  impure.     Pure  siliceous  rocks,  such  as  quartz,  are  acted 
upon  in  a  similar  manner  to  granite,  but  have  been  less  affected. 
Fragments  of  quartz  found  imbedded  in  lava  have  become  opake, 
and  have  been  fissured,  but  rarely  melted,  and  then  chiefly  on  the 

surface.     The  presence  of  an  alkaline  solvent  may,  however,  con- 
tribute to  a  mere  perfect  solution ;  and  then  the  silica  would  be 

absorbed  in  the  mass  of  the  lava. 

The  effect  of  metamorphic  action  on  argillaceous  rocks  is  less 

complete,  as  the  surface  may  be  vitrified,  "and  no  alteration  pro- 
duced on  the  interior ;  still,  however,  gaseous  matter  has  in  some 

instances  been  expelled,  and  a  cellular  internal  structure  has  been " 
the  result.  M.  Delesse  then  sums  up  the  effects  thus :  either  a  cal- 

cination more  or  less  complete;  the  assumption  of  a  stony,  cellular, 
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or  vitreous  structure ;  sometimes  a  complete  solution,  probably  partly 
due  to  the  water  combined  with  the  rock. 

I  hope  that  what  I  have  said  will  give  a  fair  idea  of  the  sys- 
tematic and  able  manner  in  which  M.  Delesse  has  treated  his  sub- 

ject advancing  step  by  step  from  the  simple  to  the  compound,  the 

laboratory  of  the  chemist  leading  to  Nature's  present  laboratory  the 
volcano,  and  that  again  to  the  more  recondite  sources  of  meta- 
morphism,  viz.  trap-rocks ;  but,  as  to  follow  him  through  the  latter 
would  require  an  inordinate  space,  I  must  merely  content  myself 
by  observing  that  the  same  order  is  observed,  and  that  every  step  of 
the  investigation  is  illustrated  by  numerous  examples,  either  based 
on  the  observations  of  others,  or  on  his  own,  as  well  as  by  the  che- 

mical analysis  of  many  of  the  products  of  metamorphism, — whilst  the 

results  are  striking  proofs  of  the  value  of  M.  Delesse's  inquiries,  and 
of  the  ability  with  which  he  has  pursued  them.  In  respect  to  com- 

bustible substances,  he  deduces  from  his  inquiries  that  they  appear 
under  four  aspects,  corresponding  to  the  different  degrees  of  normal  or 
general  metamorphism,  namely  graphite,  anthracite,  coal,  and  lignite, 
and  then  illustrates  the  action  of  the  trap-rocks  upon  each.  New  Cum- 

nock in  Scotland  has  afforded  many  illustrative  specimens,  originally 
collected  by  M.  Boue,  but  analysed  by  M.  Delesse,  though  here  it  is 
rightly  assumed  that  the  coal  has  passed  through  the  several  stages  of 
metamorphism  up  to  anthracite,  and  finally  graphite,  through  the  action 
of  the  trap,  having  become  impregnated  in  the  course  of  the  change 
with  a  large  amount  of  mineral  matter.  The  lignite  of  Omenak  in 
Greenland,  collected  during  the  recent  voyage  made  by  Prince  Na- 

poleon, and,  where  in  contact  with  the  trap,  metamorphosed  into  an- 
thracite, exhibits  even  more  striking  results,  as  by  analysis  it  is  found 

to  consist  of  carbon  50-64,  water  and  traces  of  bitumen  15-60,  car- 
bonate of  lime  18-43,  of  magnesia  6*27,  of  iron  2-03,  alumina  7-08; 

the  anthracite  having  become  useless  as  a  combustible,  being 
highly  impregnated  with  mineral  matter,  sometimes  in  the  form  of 
veins.  Wiiilst,  however,  these  are  the  effects  of  contact  with  trap- 
rocks,  M.  Delesse  points  out,  from  various  examples,  that  coal  and 
anthracite,  when  imbedded  in  the  trap,  may  have  escaped  such 
external  metamorphism, — as  an  illustration  of  which,  he  cites  the 
combustible,  apparently  a  lignite,  of  Dellys  in  Algeria,  observed  by 
M.  Ville,  which,  though  imbedded  in  trap,  has  not  passed  into  the 
state  even  of  charcoal  or  of  coke,  as  it  would  have  done  in  contact 
with  lava ;  but  has  been  simply  changed  into  a  dry  coal,  which  under 
distillation  yields  bituminous  and  ammoniacal  matter. 

M.  Delesse  deduces  from  this  partial  change  a  reason  for  con- 
sidering the  heat  comparatively  feeble  ;  but  I  am  more  disposed  to 

ascribe  the  differences  of  result  to  the  more  or  less  porous  character 
of  the  enveloping  trap,  and  the  consequent  greater  or  less  facility  with 
which  the  volatile  ingredients  might  have  escaped  from  the  combusti- 

bles, although  it  is  very  possible  that  the  heat  in  this  case  may  not 
have  been  very  excessive  ;  and  the  impregnation  with  mineral  matter 
indicates,  as  in  other  cases,  that  the  metamorphism  is  due  in  part 
to  other  causes,  and  not  to  heat  alone.     The  change  produced  is, 
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indeed,  of  two  different  kinds,  which  point  to  differences  of  action, 
as,  for  example,  the  production  of  a  more  compact  combustible, 

whether  coal,  anthracite,  or  graphite — the  density  being  increased ; 
or  the  production  of  a  truly  carbonized  substance,  in  which  more 
or  less  of  the  volatile  matter  has  been  removed,  and  its  density 
diminished.  M.  Delesse  offers  some  theoretical  considerations  on 

the  subject  of  this  description  of  metamorphism.  The  prismatic 
character  so  frequently  observed  he  attributes  to  simple  contraction 
or  desiccation,  not  requiring  a  very  high  temperature,  and  he  cites 
the  fact,  that  some  combustibles,  when  dried  in  the  air,  lose  a  part 
of  their  volatile  constituents,  and  assume  a  prismatic  character  :  the 
introduction  of  mineral  matter  he  ascribes  to  filtration,  aided  in  most 

cases  by  aqueous  solution,  and  points  out  how  the  action  of  trap-rocks 

upon  the  usual  sedimentary  rocks  of  the  earth's  crust,  all  being 
more  or  less  saturated  with  water,  must  produce  streams  of  hot 
water,  which,  acting  upon  the  rocks,  will  become  charged  with 
saline  and  alkaline  matter,  and  thus  become  a  powerful  instrument 

of  metamorphism,  first  by  removing  the  volatile  matter  of  combusti- 
bles, and  then  by  acting  chemically  upon  them  through  the  instru- 

mentality of  the  matter  held  in  solution. 
The  action  of  heated  water,  penetrating  either  by  fissures  or 

through  the  pores  of  a  rock,  may  often  explain  cases  of  metamorphism 
where  no  igneous  rocks  can  be  traced, — for  example,  in  the  Alps,  as 
quoted  by  M.  Delesse,  where  combustibles  of  the  Jurassic  age  have 
been  converted  into  anthracite.  Scotland  and  Ireland,  as  well  as 
other  countries,  including  North  America,  have  afforded  numerous 
examples  of  the  effects  produced  on  rocks  of  various  geological  ages 
and  physical  structure  ;  but,  tempting  as  the  subject  is  when  handled 
by  M.  Delesse,  I  shall  now  leave  it,  confidently  trusting  that  some 
of  the  able  chemical  philosophers  of  our  own  Society  and  country 

will  be  induced,  by  what  I  have  said,  to  give  M.  Delesse  the  gra- 
tification of  knowing  that  he  has  kindled  enthusiasm  in  the  minds  of 

those  so  fully  qualified  to  follow  his  example.  M.  Delesse  adopts  the 

same  system  of  inquiry  as  Bunsen  and  Senft*  in  Germany;  and  I 
hope  that  ere  long]  we  shall  have  our  own  chemical  geologists,  in 
Haughton,  Galbraith,  and  others. 

The  papers  or  essays  which  I  have  hitherto  noticed  afford  good 
examples  of  the  purely  chemical  and  physical  modes  of  investigating 

the  condition  of  the  earth's  surface ;  the  one  I  am  now  about  to 
notice  introduces  a  new  principle  of  examination,  and  is  peculiar  to 
our  own  member  Mr.  Sorby.  The  microscope  has  unquestionably 
done  most  important  service  in  many  delicate  investigations  connected 
with  both  inorganic  and  organic  tissues ;  and  all  must  remember  the 

beautiful  results  displayed  in  the  l  Odontography'  of  Owen,  and  in 
the  works  of  Carpenter,  Quekett,  and  Bowerbank :  but  it  was  reserved 
to  Mr.  Sorby  to  apply  this  powerful  instrument  to  the  examination  of 
the  internal  structure  of  rocks,  and  to  deduce  from  it  many  philo- 

*  We  are  indebted  to  Mr.  J.  Morris  for  an  excellent  abstract,  in  the  'Journal,' 
of  the  able  work  of  Dr.  Ferdinand  Senft.  It  supplies  what  was  wanting  in  the 
mineralogical  classification  of  rocks  by  Brongniart,  namely,  their  chemical  analysis. 
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sophical  conclusions  of  high,  interest.  Mr.  Sorby' s  application  of  the 
results  of  his  inquiries  to  the  explanation  of  the  phenomena  of  clea- 

vage is  fresh  in  our  recollection ;  and  he  has  since  pointed  out  the 
misapprehension  of  his  views  which  even  Professor  Tyndall  has 
shared  with  many  others.  Mr.  Sorby  intended  to  show  that  the 
compressive  force,  which  he  considers  essential  for  the  production 
of  cleavage,  acting  upon  the  unequiaxial  particles  of  mica,  would  lead 
to  their  arrangement  in  planes  corresponding  to  those  of  the  induced 
cleavage,  and,  consequently,  that  the  cleavage  in  slate-rocks  is  more 
perfect  in  proportion  as  the  quantity  of  mica  present  increases ;  and  he 

further  states,  "  there  are  scarcely  any  rocks  whose  particles  are  not 
unequiaxed,  and  I  must  still  maintain  that,  other  circumstances 
being  the  same,  those  have  the  best  cleavage  that  are  composed  of 

particles  whose  length  and  thickness  differ  most."  It  is  therefore 
not  as  being  the  primary  cause  of  cleavage,  but  as  influencing  its  de- 

gree of  perfection,  that  Mr.  Sorby  cited  the  mode  of  arrangement  of 
the  particles  of  mica  in  slate  and  other  rocks  ;  and  few  will  doubt 
that  so  far  his  reasoning  is  correct,  as  the  planes  of  crystallization 
will  naturally  become  coincident  with  the  planes  of  cleavage.  In 

his  paper  on  the  "  Limestones  of  Devonshire,"  Mr.  Sorby,  in  a 
similar  manner,  endeavours  to  show  that  the  unequiaxed  particles 
have  by  compression  been  thrown  into  planes,  perpendicular  to  the 
direction  of  pressure,  which  have  become  the  points  or  spaces  of  least 
resistance  of  Professor  Tyndall,  or  those  in  which,  according  to  my 
view  of  the  case,  the  reaction  to  pressure  exceeds  the  cohesive  force, 
the  planes  in  fact  of  least  cohesion.  In  another  paper,  also  of  recent 
date,  Mr.  Sorby  endeavours  to  prove  that  the  terraces  in  the  Yalley 

of  the  Tay,  north  of  Dunkeld,  have  been  "  formed  by  the  combined 
action  of  the  river  and  of  the  sea  when  it  was  at  a  relatively  higher 

level ;"  and  this  idea  he  ingeniously  supports  by  showing  that  the 
stratula  of  the  bands  of  ripple-drift,  or  drift-bedding,  dip  on  the  whole 
along  a  mean  line  to  one  side,  being  that  to  which  the  current  flows 
or  in  which  the  directing  pressure  is  applied,  just  as  in  his  previous 
experiments  in  the  preceding  paper, — a  current  therefore  which  alter- 

nately moves  in  two  directions  naturally  giving  rise  to  successive 
opposite  dips  of  the  stratula.  Having  ably  maintained  his  views, 

Mr.  Sorby  judiciously  adds,  "  it  must  not  be  supposed  that  I  wish 
to  make  it  appear  that  the  terraces  in  all  other  valleys  are  due 
to  the  same  cause, — as  one  set  of  circumstances  may  have  formed 

some,  and  another  set  others.  Nothing,  in  my  opinion,"  he  adds, 
"  can  be  a  greater  obstacle  to  a  correct  interpretation  of  such  phe- 

nomena, than  to  conclude  that  all  things  which  appear  similar  are 

actually  identical  and  have  had  a  similar  origin," — remarks,  in  the 
truth  of  which  I  fully  concur. 

In  the  papers  of  Mr.  Sorby  which  I  have  been  noticing,  the  mi- 
croscope was  applied  to  the  elucidation  of  the  manner  in  which  the 

constituent  particles  of  rocks  had  been  arranged,  and  thereby  to  the 

explanation  of  the  true  character  of  some  important  physical  pheno- 
mena. In  the  paper  which  Mr.  Sorby  contributed  to  our  proceedings 

during  the  present  session,  the  same  instrument  has  been  applied  to 
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the  examination  of  the  "  Microscopical  structure  of  Crystals,  with  a 
view  to  the  determination  of  the  Aqueous  or  Igneous  origin  of  Minerals 

and  Rocks,"  which  is  one  of  the  most  abstruse  and  difficult  questions 
in  physical  geology.    As  a  general  rule,  it  must  of  course  be  admitted 
that  the  molecules  of  any  substance  must  be  endowed  with  a  power 
of  movement  before  they  can  arrange  themselves  into  any  definite 
form ;  and,  as  regards  mineral  substances,  it  has  therefore  been  always 
considered  necessary  that  they  should  be  in  a  state  of  solution  before 
the  elementary  constituents,  of  which  they  are  composed,  could  re- 

arrange themselves  into  a  definite  crystalline  form.     Taking,  in  the 
first  place,  notice  of  artificial  crystals,  since  the  whole  process  can  in 
them  be  brought  under  actual  observation,  Mr.  Sorby  points  out  that, 
though  the  cohesive  force  of  the  particles  is  reduced  to  a  minimum, 

it  is  not  absolutely  destroyed,  and  hence  that,  in  the  act  of  cry- 
stallizing, portions  of  the  solvent  surrounding  them  at  the  time  of 

formation  would  be  often  caught  up  and  enclosed  within  their  solid 
substance.     When,  therefore,  crystals  are  produced  by  sublimation, 
either  air  or  vapour  is  imprisoned,  which,  on  being  condensed  by  cold, 

leaves  apparently  empty  cavities  or  air-cavities ;  when  the  crystalli- 
zation is  from  an  aqueous  solution,  fluid-cavities  are  formed;  when 

from  an  igneous  solution,  the  crystals  which  separate  themselves  from 

the  fused-stone  solvent  may  be  expected  to  catch  up  and  entangle  in 
their  substance  some  portions  of  the  mineral  bath,  which  on  cooling 

resume  their  original  character,  and  produce  what  may  be  called  glass- 
or  stone-cavities.     The  differences  between  these  several  forms  of  ca- 

vities can  be  readily  distinguished  with  suitable  magnifying  powers, 
and  thereby  afford  the  means  of  determining  under  what  conditions 
the  crystals  had  been  formed :  as,  for  example,  crystals  containing  only 
fluid- cavities,  from  aqueous  solution ;  crystals  containing  only  stone- 
or  glass-cavities,  from  igneous  fusion ;  crystals  containing  both  water- 
cavities  and  stone-  or  glass-cavities,  from  the  combined  influence,  under 
great  pressure,  of  highly-heated  water  and  melted  rock :  and,  further 
than  this,  that  in  the  case  of  fluid- cavities,  the  amount  of  water  pre- 

sent affords  a  datum  for  determining,  from  the  amount  of  condensation 
it  appears  to  have  undergone  since  the  original  formation  of  the  cavity, 
the  temperature  it  possessed  when  entirely  filling  the  cavity.    In  like 

manner,  Mr.  Sorby  considers  that  empty  cavities  indicate  that  the  cry- 
stals containing  them  have  been  formed  by  sublimation,  unless  there 

is  reason  to  believe  that  the  enveloping  matter  was  sufficiently  porous 
to  allow  the  imprisoned  fluid  to  escape,  or  that  the  cavities  were 
merely  bubbles  due  to  fusion.     The  number  of  cavities  may  be  ex- 

pected to  increase  with  the  rapidity  of  crystallization,  whilst  a  total 
absence  of  cavities  indicates  either  very  slow  crystallization,  or  the 
cooling  of  a  fused  homogeneous  substance.     These  general  principles 
are  then  applied  by  Mr.  Sorby  to  the  study  of  natural  crystalline 
minerals  and  rocks  ;  and  he  deduces  from  them  many  highly  interest- 

ing results:  for  example,  that  the  fluid-cavities  in  rock-salt,  in  the 
calcareous  spar  of  modern  tufas,  in  vein-stones,  in  ordinary  limestone, 
and  in  gypsum,  indicate  that  these  minerals  were  formed  by  deposition 
from  solution  in  water,  at  a  temperature  not  materially  different  from 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  CXX1X 

the  present — a  conclusion  which  equally  applies  to  other  minerals 
found  in  the  veins  of  various  rocks, — whilst  the  many  fluid- cavities  in 
the  constituent  minerals  of  mica-schist  and  the  rocks  associated  with 
it  show  that  the  metamorphism  to  which  they  have  been  subjected  was 
due,  at  least  in  part,  to  the  action  of  heated  water,  and  not  alone  of 
dry  heat  and  partial  fusion — a  conclusion  which  should  be  com- 

pared with  some  of  the  deductions  of  M.  Delesse. 
The  structure  of  the  minerals  in  erupted  lava  shows  that  they  were 

generally  deposited  from  a  mass  in  the  state  of  igneous  fusion ;  but 
as  in  some  of  the  blocks  ejected  from  volcanos,  crystals  are  found 
which  contain  water-cavities, in.  addition  to  stone-  and  glass-cavities,  it 
may  be  fairly  assumed  that  they  were  formed  under  great  pressure, 
when  both  liquid  water  and  melted  minerals  were  present,  and  that 

the  minute  crystals  which  the  fluid-cavities  of  these  aqueo-igneous 
minerals  generally  contain  have  been  deposited  on  cooling  from  the 
highly-heated  water  which  once  filled  the  cavity.  The  minerals  in 
trap-rocks  appear  to  have  been  of  genuine  igneous  origin,  though 
they  have  been  subsequently  much  altered  by  the  action  of  infiltra- 

ting water,  from  which  many  other  minerals  have  been  also  deposited. 
The  quartz  from  quartz-veins  appears  to  have  been  rapidly  de- 

posited from  solution  in  water,  the  temperature  of  which  must,  from 
the  diminished  volume  of  the  water  by  cooling,  have  been  consider- 

able, about  329° ;  at  a  still  higher  temperature,  mica,  limestone,  and 
probably  even  felspar  were  deposited,  showing,  as  has  been  asserted 

by  M.  Elie  de  Beaumont,  a  passage  from  quartz-veins  even  to  granite, 
and  that  the  one  therefore  can  scarcely  be  separated,  as  a  rock  of  depo- 

sition, from  the  other  as  a  rock  of  purely  igneous  fusion.  Whilst, 
indeed,  in  the  quartz  of  highly  quartzose  granite,  the  liquid- cavities 
are  so  numerous  as  to  number  millions  even  in  a  cubic  inch,  and  the 
water  they  contain  amounts  to  1  or  2  per  cent,  of  the  volume  of  the 
quartz,  so  that  they  might  be  considered  the  result  of  an  aqueous 

solution,  both  the  felspar  and  quartz  exhibit  stone-cavities  exactly 
similar  to  those  in  the  crystals  of  furnace- slags  or  of  erupted  lavas, 
and  therefore  indicate  the  conjoint  action  of  igneous  fusion.  The 
great  conclusion  which  Mr.  Sorby  draws  from  this  fact  is,  that  gra- 

nite is  not  a  simple  igneous  but  rather  an  aqueo-igneous  rock,  pro- 
duced by  the  combined  influence  of  liquid  water  and  igneous  fusion, 

under  similar  physical  conditions  to  those  existing,  far  below  the 
surface,  at  the  base  or  focus  of  modern  volcanos.  These  deductions 
of  Mr.  Sorby  are  in  conformity  with  the  views  of  Scrope,  Scheerer, 
and  Elie  de  Beaumont ;  and  he  even  agrees  with  them  in  consider- 

ing it  probable  that  the  difference  between  erupted  trachytic  rocks 
and  granite,  both  of  which  are  included  by  M.  Durocher  (in  the  paper 
on  which  I  have  already  commented)  in  the  same  class,  as  proceeding 
from  the  same  magma,  is  due  to  the  presence  or  absence  of  the  water. 

In  whatever  light  we  regard  the  paper  of  Mr.  Sorby,  whether  as 
founding  upon  microscopical  observations  a  new  explanation  of  the 
conditions  under  which  rocks  have  been  formed,  or  as  proving  from 
them  the  intimate  association  of  water  with  the  constituents  of  mi- 

nerals, independently  of  the  simple  water  of  crystallization,  it  cannot 
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but  be  received  by  the  Society  as  a  striking  exemplification  of  the 
zeal,  originality,  and  success  with  which  he  carries  on  his  researches 
in  physical  geology. 

Cleavage. — In  my  last  address  I  was  necessarily  obliged  to  enter 
at  considerable  length  upon  the  subject  of  cleavage,  in  order  to  do 
justice  to  the  labours  of  our  late  most  distinguished  and  most  lamented 
President,  and  I  shall  therefore  refrain  from  anything  more  than  a 
very  brief  reference  to  what  has  since  then  come  under  my  notice. 
The  report  upon  cleavage  presented  to  the  British  Association  in  1856, 
or  anterior  to  my  address,  but  published  subsequently,  has  been 
divided  into  two  sections :  the  first,  of  a  historical  and  descriptive 
character,  is  that  which  has  now  appeared ;  the  second,  which  will 
be  theoretical,  is  reserved  for  a  future  period.  With  his  usual  ability 
Professor  Phillips  has  corrected  some  errors  of  detail  in  the  observa- 

tions of  his  predecessors;  and  it  may  be  said  that  he  clearly  establishes 
the  following  phases  in  the  progress  of  a  subject  which  he  justly 
characterizes  as  English ;  viz.,  1st,  the  recognition  of  the  necessity 
of  a  great  leading  or  general  cause,  instead  of  a  partial  or  accidental 
one,  by  Professor  Sedgwick ;  2nd,  the  more  perfect  connexion  of 
cleavage  with  pressure,  by  the  methodical  application  of  the  phae- 
nomena  of  distorted  shells  to  its  explanation  by  Mr.  D.  Sharpe; 
3rd,  the  illustration  of  many  points  connected  with  cleavage,  by  the 
microscopical  investigations  of  Mr.  Sorby;  4th,  the  experimental 
investigation  of  the  effects  of  pressure  in  producing  cleavage,  by 

Professor  Tyndall.  The  "  fundamental  generalization"  of  Professor 
Sedgwick,  to  use  the  expression  of  Professor  Phillips,  has  been  illus- 

trated by  many  observers,  and  especially  by  the  two  brothers  Eogers 
in  their  graphic  account  of  the  Appalachian  chain  in  the  United 
States ;  and  I  will  only  add,  that  whilst  there  can  be  no  doubt  that 
cleavage  has,  in  many  of  the  cases  which  came  under  the  observation 
of  Mr.  Sharpe,  been  the  result  of  pressure,  it  still  remains  to  prove 
that  pressure  has  been  the  only  cause  of  cleavage — or  at  least  that 
pressure  has  always  acted  in  the  same  manner,  in  order  to  bring 
within  the  scope  of  calculation  some  of  the  examples  cited  by  Pro- 

fessor Phillips,  such  as  "  waved  cleavage,"  "  cleavage  varying  in  its 
angle  according  to  the  variation  in  the  mineral  composition  of  suc- 

cessive strata,"  &c.  In  my  last  address  I  gave  my  opinion  as  to  the 
natural  law  upon  which  cleavage  might  be  supposed  to  depend;  and  I 
must  still  say,  that  when  Professor  Sedgwick  expressed  the  idea  that 
the  cleavage  in  mountain-masses  is  so  regular  as  to  appear  like  the 
results  of  enormous  crystallization,  he  seems  to  have  exhibited  that 
keen  appreciation  of  natural  phenomena  for  which  he  has  always 
been  remarkable,  and  to  have  had  in  his  mind  the  fact  that  crystals, 
being  formed  by  the  apposition  of  successive  layers  of  molecules  drawn 
together  by  the  force  of  affinity,  subsequently  cleave  in  the  direction 
of  these  layers — the  cohesive  force  between  the  molecules  of  any  one 
layer  being  greater  than  between  the  molecules  of  two  adjacent  layers. 
At  the  last  meeting  of  the  British  Association,  Professor  Haughton 
illustrated  his  preceding  calculation  of  the  effect  of  pressure  in  dis- 

torting organic  remains,  by  an  ingenious  model,  which  showed  that 
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as  a  general  rule,  there  is  not  a  greater  extension  of  a  distorted  fossil 
in  the  line  of  the  dip  than  in  that  of  the  strike  of  cleavage. 

Glaciers. — The  researches  of  Professor  Tyndall  on  the  properties  of 
ice  and  the  phenomena  of  glaciers  having  been  alluded  to  in  the  pre- 

ceding remarks,  it  seems  to  me  desirable  to  offer  a  few  observations  on 
that  interesting  subject ;  for,  though  glaciers  are  not  at  present  recog- 

nized as  having  at  a  comparatively  recent  epoch  extended  their  action 

over  a  vast  extent  of  the  earth's  surface,  plain  as  well  as  moun- 
tain, they  have  been  still  more  intimately  connected  with  the  general 

history  of  the  earth,  by  the  researches  made,  especially  by  Professor 
Ramsay,  to  detect  traces  of  their  past  action,  not  merely  on  ancient 
rocks,  but  within  the  periods  during  which  such  rocks  were  deposited. 
The  great  difficulty  in  accounting  for  the  progressive  movement  of 
glaciers,  is  to  provide  a  sufficient  force  to  put  such  ponderous  masses 
into  motion,  and  to  keep  it  up  notwithstanding  the  retarding  force 
of  friction.  Some  of  the  earliest  investigators,  as  Saussure,  con- 

sidered the  force  of  gravity  as  sufficient  to  produce  motion,  whilst 
the  melting  of  the  ice  in  contact  with  the  earth  reduced  the  friction 
to  a  minimum,  or,  in  the  words  of  Mr.  Mallet,  placed  as  it  were  liquid 
rollers  under  the  ice.  Anterior,  however,  to  this  mode  of  explana- 

tion, the  •  Swiss  philosopher,  John  Jacob  Scheuchzer  had  advanced 
a  totally  different  one  in  his  '  Itinera  per  Helvetise  alpinas  regiones,' 
a  work  which  was  published  by  Yaudon  of  Leyden,  in  1723,  and 
dedicated  to  Sir  Isaac  Newton,  then  President  of  the  Eoyal  Society, 
of  which  Scheuchzer  was  a  member.  Scheuchzer  observes  that  the 

movement  of  glaciers  requires  not  to  be  explained  by  any  miraculous 
agency,  but  is  entirely  dependent  upon  natural  causes  ;  for  he  adds, 

"  Solet  nempe  aqua  a  tergo  montium  rupiumque  glacialium  denuens, 
vel  in  fissuris  ipsis  et  interstitiis  aliis  glacialibus  collecta,  et  utrobique 
conglaciata,  quoiflam  amplius  in  hoc  statu  requirit  spatium  (con- 
testantibus  id  experimentis  circa  frigus  et  glaciem  institui  solitis), 
undiquaque  premere  et  earn  quidem  glaoiei  partem  quae  liberum 
aerem  respicit,  et  pascua  declivia  actu  ipso  propellere,  et  una  cum 
glacie  arenam,  lapides,  saxa  etiam  grandiora,  quo  ipso  hyperbolica 

ilia  purgatio  simul  explicari  et  facile  intelligi  potest."  All  will 
remember  the  ingenious  manner  in  which  Agassiz,  following  Char- 
pentier,  adopted  and  applied  this  theory,  by  assuming  that  a  multi- 

tude of  capillary  cracks  are  formed  at  night, — that  water  produced  by 

the  melting  of  the  ice  on  the  surface  by  the  sun's  rays  during  the  day 
filters  into  the  cracks,  and  is  frozen  and  therefore  expanded  at  night, 
when,  by  the  expansive  force  of  so  many  frozen  seams  of  water,  the  ice 
is  put  in  motion,  new  cracks  are  formed,  and  all  is  ready  for  a  repe- 

tition of  the  same  results.  This  theory  was  at  first  as  popular  as  the 
simple  gravitation-theory  had  at  first  been,  when  Professor  James 
Forbes,  considering  it  too  hypothetical,  entered  upon  the  investigation 
of  the  subject,  and,  after  most  laborious  personal  researches  in  the 
Alps,  guided  and  supported  as  they  were  by  the  light  and  vigour  of 
his  philosophical  mind,  brought  forward  facts  and  reasonings  not 
merely  to  overthrow  the  hypothesis  of  Agassiz,  but  to  prove  that, 
however  difficult  it  may  be  to  reconcile  the  motion  and  the  other 

phenomena  of  glaciers  with  the  gravitation-theory  so  long  as  the 
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glacier  is  considered  to  be  composed  of  solid  ice,  his  observations 
tended  to  show  that  all  the  phenomena  are  analogous  to  what  might 
be  expected  in  a  moving  semifluid  or  pasty  liquid  like  lava,  and  hence 
that  a  glacier  ought  to  be  considered  ice  in  this  imperfect  state  of 
condensation.  However  difficult  it  has  been  to  ordinary  observers  to 
convince  themselves  that  the  ice  they  saw  before  them  with  its  lofty 
pinnacles  and  its  huge  crevices,  and  which  they  could  split  with  an 
axe  into  angular  fragments,  was  a  semifluid  substance,  the  theory  of 
Forbes  has  yet  for  several  years  been  received  as  a  satisfactory  ex- 

planation of  the  phenomena ;  but  Professor  Tyndall  has  now  satis- 
factorily proved  that  the  structure  of  ice  (a  structure  which  had 

been  previously  ably  illustrated  by  M.  Schlagintweit)  is  such  that 
it  can  be  readily  crushed  into  its  constituent  particles,  and  again  by 
pressure  reconsolidated,  so  as  to  conform  to  all  the  variations  of  form 
of  the  mould  through  which  it  is  forced.  The  comparison  of  the 
results  of  direct  experiment  at  the  laboratory  of  the  Eoyal  Insti- 

tution with  the  actual  phenomena  of  the  glaciers  themselves  has 
convinced  Professor  Tyndall,  and  I  may  fairly  say  every  one  who 
has  listened  to  or  read  his  lectures  upon  the  subject,  that  his  expla- 

nation of  the  mode  in  which  ice  is  enabled  to  pass  through  all  the 
accidents  of  movement,  and  to  change  its  form  without  losing  its 
continuity,  is  as  satisfactory  as  it  is  philosophical ;  but  it  must  be 
evident  to  all,  that  the  theory  of  Professor  Tyndall  explains  all 
the  phenomena  of  glacier-motion,  but  not  the  cause  of  that  motion. 
Professor  Forbes  had  this  latter  point  in  view  when  propounding  his 
theory  of  semifluidity ;  and  we  must  now  look  to  Professor  Tyndall, 
who  stands,  from  his  zeal,  intelligence,  and  high  mental  training, 
in  the  foremost  rank  of  Alpine  observers,  to  clear  up  the  only  diffi- 

culty now  remaining.*' 
Descriptive  Geology. — The  great  zeal  with  which  palaeontological 

research  has  been  pursued,  and  the  vast  accession  to  the  numbers  of 
extinct  animals  and  plants,  have  necessarily  required  the  cooperation 
of  the  most  able  naturalists  with  the  geological  explorer,  in  order  to 

ensure  a  correct  determination  of  the  epochs  of  the  earth's  history  by 
the  peculiarities  of  their  respective  faunae  and  florae.     The  geologist 

*  On  this  point  I  think  it  right  to  refer  to  the  paper  of  my  respected  friend 
the  Rev.  Canon  Moseley,  F.R  S.,  on  the  motion  of  glaciers,  published  in  the 
'  Proceedings  of  the  Royal  Society/  and  in  which  he  adopts  the  facts  of  Forbes 
and  Tyndall  as  being  satisfactorily  established.  He  considers  the  motion  due  to  the 
successive  expansions  and  contractions  of  the  ice  according  to  the  variations  in 
its  temperature,  just  as  in  any  other  solid,  and  independent  of  the  congelation 
of  water  which  may  have  filtered  into  its  cavities.  This  theory  he  illustrates  by 
a  curious  fact,  observed  first  in  a  scientific  manner  by  himself,  at  the  Cathedral 
of  Bristol.  The  sheets  of  lead  with  which  a  portion  of  the  building  had  been 
covered  are  observed  to  descend  gradually  down  the  inclined  plane  of  the  roof, 
even  tearing  out  the  nails  by  which  they  have  been  fastened  to  the  rafters,  and 
that  solely  by  their  successive  expansion  and  contraction.  This  substitution  of 
the  simple  principle  of  the  contraction  and  expansion  of  the  ice  as  a  solid  body, 
each  tending  to  promote  its  descent  on  an  inclined  plane,  for  the  hypothetical  one 
of  the  expansion  by  congelation  of  water  filtrating  into  either  the  crevices  or  cracks, 
is  unquestionably  very  ingenious,  although  some  of  our  able  philosophers  have 
considered  it  insufficient  to  account  for  phenomena  exhibited  on  so  large  a  scale. 
Mr.  Moseley,  however,  is  about  to  reply  to  the  objections  of  Professor  Forbes  and 
others  in  a  second  paper  on  the  subject. 
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now  receives  organic  remains  after  they  have  been  critically  examined 
and  described  by  the  zoologist  or  botanist,  and  has  only  to  apply 

them  to  the  practical  objects  of  his  own  science.    "Whilst,  however,  it 
is  easy  to  allot  to  the  palaeontologist  and  to  the  geologist  their  re- 

spective tasks,  it  is  not  so  easy  to  separate  the  objects  of  physical 
geology  from  those  of  pure  or  descriptive  geology,  upon  the  same 
principle  that  a  perfect  geographer  may  be  expected  to  be  conver- 

sant with  both  natural  and  physical  geography :  it  is,  indeed,  the 
object  of  the  geologist  not  only  to  determine  the  age  of  a  deposit,  but 
also  the  physical  circumstances  under  which  it  was  formed.     The 
latter  and  truly  philosophical  branch  of  the  subject  has  always  been  a 
favourite  study  of  our  able  fellow-member,  Mr.  Godwin- Austen ;  and 
in  the  paper  I  am  about  to  notice,  he  founds  upon  a  simple  fact  a  very 

ingenious  speculation.      The  "  fact "  is,  that  in  the  chalk  about  two 
miles  south  of  Croydon  was  found  a  boulder  of  granite,  associated 
with  other  detritic  materials.    Prior  to  reasoning  upon  this  fact,  Mr. 

Austen  gives  a  very  reasonable  definition  of  the  term  "  extraneous," 
by  which  he  understands  that  a  fossil,  or  other  body,  is  found  in  a 
position  not  in  accordance  with  its  original  habits,  or  the  place  of 

its  formation,  as,  for  example,  a  "  deep-sea  mollusc  amidst  a  number 
of  the  inhabitants  of  shallow  water,"  or  a  boulder  of  granite  in  a 
chalk-  or  clay-deposit.     This  definition  is  sound  and  important,  as 
it  points  out  to  the  palaeontologist  the  necessity  of  determining  the 
natural  habitats  of  fossils,  as  well  as  their  names,  and  to  the  geologist 
the  necessity  of  separating  the  extraneous  from  the  native  fossils, 
before  he  can  make  a  satisfactory  comparison  between  the  deposits 
of  different  ages.     Mr.  Austen  reviews  the  history  of  fragments  of 

"  extraneous  "  rocks  previously  found  in  the  Chalk,  and  then  pro- 
ceeds to  draw  the  conclusions,  which,  though  I  have  named  them 

speculative,  I  do  not  consider  the  less  philosophical  and  important. 
All  the  fragments  he  has  noticed  appear  to  have  been  water- worn, 
and  therefore  must  have  been  moved  or  acted  upon  by  water.     Some 
of  them  exhibit  marks  of  the  Serpulce,  &c,  which  attach  themselves 
to  bodies  resting  for  a  time  on  the  lower  or  quiescent  portion  of  the 

"  marginal  sea-belt,"  whilst  others,  more  especially  the  smaller  or 
shingly  kind,  from  their  smooth  surface,  would  appear  to  have 
formed  part  of  the  upper  portion,  which,  from   its   position,  is 

subject  to  the  constant  disturbance  of  the  waves.     D'Orbigny  and 
Edward  Forbes,  as  quoted  by  Mr.  Austen,  were  of  opinion  that  the 
pure  white  chalk  was  the  deposit  of  a  deep  and  open  sea ;  but  Mr. 
Austen  shows,  from  the  application  of  such  reasoning  as  I  have  here 
noticed,  that  every  other  form  of  sea-bed,  from  the  abyssal  to  the 
marginal,  existed  in  the  Cretaceous  period.     On  the  one  hand,  for 
example,  the  presence  of  sand,  gravel,  and  occasional  boulders  under 
the  circumstances  detailed  by  Mr.  Austen  have  proved  the  existence 
of  a  marginal  zone  before  the  deposition  of  the  upper  portion  of  the 
chalk ;  and,  on  the  other,  the  presence  of  forms  of  Bryozoa  and  of 
other  fossils  which  when  alive  must  have  been  fixed  at  the  base, 

detached  in  the  body  of  the  chalk,  show  that  such  fossils  are  "  ex- 
traneous" in  the  position  where  they  are  found,  and  must  have 

vol.  xrv,  & 
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been  moved  down  from  a  more  marginal  locality,  before  they  were 
imbedded.  Many  other  examples  are  given  of  this  forcible  removal 
of  fossils  from  their  original  locality,  and  their  subsequent  deposi- 

tion in  the  deep-sea  bed ;  but  I  need  not  follow  Mr.  Austen  through 
the  details  of  this  inquiry,  as  no  one  will  now  hesitate  to  admit  that 
all  the  means  of  transport  which  now  exist,  such  as  the  tidal  wave, 
floating  ice,  floating  trees,  sea- weed,  &c,  are  as  likely  to  have  been 
in  operation  within  the  Cretaceous  epoch.  Some  of  these  (as,  for 
example,  ice)  may,  as  suggested  by  Mr.  Austen,  have  been  modified 
in  their  action  by  a  difference  in  the  physical  circumstances  of  the 
then  existing  dry  land  and  sea ;  but  all  may  have  more  or  less  con- 

tributed to  the  results  produced.  I  will  only  further  observe  that 
Mr.  Austen  investigates  with  great  ingenuity  the  form  and  com- 

position of  the  dry  land  of  the  chalk-period, — as,  for  example,  ho 
shows  that  the  Cretaceous  strata  of  many  localities  indicate  littoral 
conditions,  and  therefore  that  the  older  rocks  (whether  gneissic, 
granitic,  or  slaty)  which  are  now  in  close  proximity  to  them  must 
have  even  then  been  in  the  condition  of  land- surface.  1  shall  not 
follow  Mr.  Austen  in  his  attempt  to  trace  out  the  coast-line  during 
the  Cretaceous  epoch  ;  and  I  will  conclude  my  remarks  on  his  paper 
by  observing  that  he  has  appropriated  to  himself  a  class  of  research 
which  is  difficult  in  proportion  to  its  apparent  obscurity,  but  which 
he  is  likely  by  his  skill  and  perseverance  to  place  very  high  amongst 
the  objects  of  the  philosophical  geologist. 

A  short  paper  by  Mr.  Prestwich  again  brings  under  our  notice  the 
ingenious  speculations  of  Mr.  Austen,  and  goes  far  to  prove  their 
accuracy.  It  refers  to  the  recent  borings  for  water  at  Harwich,  in 
which  the  artesian  well  has  been  carried  to  the  depth  of  1070  feet, 
having  passed  through  the  superficial  drift,  the  tertiary  strata,  chalk, 
upper  greensand,  and  gault ;  but  below  these  well-known  strata, 
the  normal  rocks  or  deposits  which  ought  to  have  appeared  were 
deficient,  and  a  mass  denominated  a  black  slaty  rock  appeared  instead, 
as  shown  by  the  fragments  brought  up,  and  examined  by  Mr.  Prest- 

wich. In  the  Kentish  Town  well,  the  chalk  was  found  to  be  under- 
laid by  rocks  which  lithologically  appeared  to  belong  to  the  Triassic 

epoch,  but  the  evidence  was  not  considered  conclusive :  in  the  present 
case  Mr.  Prestwich  considers  the  proof  of  the  absence  of  a  large  por- 

tion of  the  normally  underlying  rocks  to  be  satisfactory ;  and,  though 
he  is  unable  to  satisfy  himself  whether  the  rock  arrived  at  belonged 
to  the  Carboniferous  or  to  the  Silurian  epoch,  yet  that  the  evidence 
in  both  the  Kentish  Town  and  Harwich  wells  is  sufficient  to  warrant 

him  in  adopting,  at  least  in  part,  Mr.  Godwin- Austen's  hypothesis 
of  the  extension  of  an  underground  tract  of  the  older  rocks,  ranging 
from  the  mountains  of  the  Ardennes  in  Belgium  to  the  Mendip  Hills 
in  the  West  of  England,  and  therefore  breaking  the  continuity  of  the 
Lower  Greensand  under  London.  The  actual  form  of  this  ancient 
pakeozoic  land,  Mr.  Prestwich  considers  to  have  been  a  broken  ridge 
rather  than  a  broad  tract ;  and  this  is  unquestionably  the  most  in 
conformity  with  the  probable  elevatory  cause  of  its  existence.  Even 
though  Mr.  Godwin-Austen  may  never  have  the  gratification  of 
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hailing  the  discovery  of  a  coal- deposit  under  London  or  in  its  neigh- 
bourhood, the  penetrating  powers  of  his  mind  have  been  fully  esta- 

blished by  these  practical  results. 
One  of  the  papers  contributed  by  Professor  Phillips  has  a  close 

relation,  in  one  respect,  to  those  I  have  last  noticed,  as  it  endeavours 
to  explain  the  physical  conditions  under  which  some  of  the  strata  of 
Shotover  Hill,  near  Oxford,  have  been  deposited.  Tracing  the  his- 

tory of  discovery  in  respect  to  these  deposits  from  1722  to  1827,  it 
appears  that  the  sandy  strata  which  on  this  detached  hill  rest  on 
the  Portland  series,  and  with  their  associated  ochres  have  received 
the  general  title  of  Ironsand,  being  by  Conybeare  referred  to  the 
Hastings  group,  had,  until  the  latter  date,  afforded  no  organic 
clue  by  which  the  physical  circumstances  under  which  the  deposits 
had  been  formed  could  be  inferred.  Dr.  Pitton  then  ascertained  the 

occurrence  of  Purbeck  deposits  at  "Whitchurch  in  Buckinghamshire ; and  about  1832,  the  Rev.  H.  Jelly  discovered  Paludiniform  shells  in 
the  sands  of  Shotover ;  and  this  discovery,  confirmed  by  Mr.  H.  E. 

Strickland,  was  published  by  Dr.  Pitton  in  his  well-known  memoir 
"  on  the  Strata  below  the  Chalk."  Mr.  Strickland  added  a  Unio ;  and 
Professor  Phillips  himself  has  still  further  added  to  the  list  of  fossils 

which  I  will  call  physically  characteristic.  The  word  "  Portland" 
is  in  the  mind  of  most  geologists  associated  with  the  idea  of  the 

"  Portland  Limestone ;"  but  the  words  "  Portland  Rocks "  have  a 
much  wider  acceptation  in  this  paper  of  Professor  Phillips,  and  refer, 
not  alone  to  a  calcareous  form  of  deposit,  but  to  the  green  sands, 

clay-bands,  and  layers  of  subcalcareous  concretions,  rich  in  fossils, 
which  here  mark  more  than  the  age  of  a  deposit ;  for,  whilst  the  fossils 
Pecten,  Perna,  &c,  mark  the  aggregate  of  70  feet  in  thickness  to 
have  been  marine,  another  overlying  group  of  strata,  about  80  feet 
thick,  consisting  of  various  coloured  but  not  green  sands,  bands  of 
clay,  layers  of  peroxide  of  iron,  and  cherty  masses,  is  as  decidedly 
marked  to  have  had  a  partially  freshwater  origin  by  Unionidce, 
Paludince,  and  other  mollusca,  which,  though  some  may  be  considered 
as  possibly  marine,  mark  distinctly  at  least  the  cooperation  of  fluvia- 
tile  action,  and,  combined  together,  establish  the  existence  of  an 

estuary-  rather  than  a  lacustrine  formation.  Professor  Phillips  there- 
fore infers  that  the  Shotover  Sands  are  a  northern  equivalent  of  the 

Hastings  Sands ;  but,  from  the  difference  in  the  species  of  Unionidce, 
he  suggests  the  probability  that  the  river  which  was  the  cooperating 
agent  in  producing  the  deposit  was  a  different  stream  from  that  of 
the  typical  Wealden,  and  that  its  effects  wiU  be  traced  much  further 
to  the  north-eastward.  Without  doubt,  these  deductions  from  facts 
are  deeply  interesting ;  but  what  a  wide  field  they  open  for  specula- 

tion, since,  the  course  of  the  river  being  traced  by  its  effects,  its 
banks  are  yet  to  be  discovered  !  I  cannot  help  also  observing  that  the 
species  of  Unionidce  appear  to  be  remarkably  local,  or  at  least  that 
the  variations  in  form  from  one  locality  to  another  are  so  great  as 
to  render  them  admirable  guides  in  distinguishing  one  estuary  from 
another  belonging  to  the  same  epoch,  but  not  equally  so  for  estimating 

the  relative  ages  of  deposits, — a  remark  which  has  been  strongly  im- Jc2 
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pressed  upon  my  mind  by  the  great  number  of  local  species  which 

that  eminent  conchologist,  Dr.  Lea  of  Philadelphia,  has  even  re- 
cently established  and  described.     The  object  of  another  paper  of 

Professor  Phillips  was,  in  a  great  measure,  to  bring  under  the  notice 
of  geologists  the  great  difference  in  mineral  aspect,  and  the  only  partial 
agreement  in  fossils,  of  the  oolitic  regions  of  North  Yorkshire  and  the 
South  of  England,  and,  whilst  attempting  to  settle  the  real  affinities 
of  some  of  the  calcareous  beds  in  the  Yorkshire  series  with  some  of 

the  well-established  members  of  the  Oolitic  group  of  the  South  of 
England,  to  facilitate  the  determination  of  the  geographical  range  of 
the  ironstone,  coal,  and  limestone  of  Yorkshire,  and  of  the  physical 
conditions  of  the  sea  or  estuary  in  which  they  were  deposited. 

"When  I  observe  that,  by  the  close  examination  of  two  great  general sections,  Professor  Phillips  has  proved  the  existence  in  the  lower 
oolitic  series  of  five  distinct  plant-bearing  bands  of  sandstones,  of 
shales  which  occasionally  yield  coal  arranged  in  three  zones,  of  four 
calcareous  bands,  and  of  several  layers  of  ironstone,  it  must  be 
admitted  that  he  has  brought  before  us  most  remarkable  alterna- 

tions in  the   physical  forces  in  action  at  the  time ;    but  he  has 
gone  still  further,  by  describing  the  geographical  range  or  distri- 

bution of  these  varied  deposits,  and  tracing  out  the  relation  of  the 

lines  of  deposition,  called  by  him  "  isochthonal  lines,"  with  the 
general  strikes  and  dips  of  the  strata,  or  in  other  words  the  lines 
which  mark  the  limits  of  each  varying  condition  of  the  deposits, 
from  marine  to  estuarine.     I  need  not  enter  further  into  the  details 

of  this  paper ;  but  I  may  observe  that,  as  Professor  Phillips  proposes  to 
resume,  at  a  future  period,  the  discussion  both  of  the  geographical 
range  of  the  fossils,  and  of  the  physical  conditions  of  the  sea-bed 
already  glanced  at  in  this  paper,  he  affords  us  another  proof  of  the 
high  advance  in  geological  science  of  the  present  day.     At  one  time 
it  was  supposed  that  palaeontology  had  entirely  done  away  with  the 
necessity  of  studying  the  mineral  characters  of  deposits ;  but  now  we 
find  that  the  mineral  character  is  essential  for  the  right  understand- 

ing of  the  fossils,  as  indicating  the  physical  conditions  under  which 
they  have  been  deposited. 

A  portion  of  the  same  geological  division  of  strata  engaged  the 
attention  of  Mr.  A.  Geikie,  one  of  the  members  of  the  Geological 
Survey  of  Great  Britain ;  and  the  results  of  his  investigations  are 
given  in  a  paper  on  the  Geology  of  Strath,  Isle  of  Skye.  The 
previous  writers  on  this  somewhat  complicated  district  are  enu- 

merated, namely,  Jamieson,  Macculloch,  Murchison,  and  Edward 
Forbes, — the  first  of  the  latter  two  writers  having,  however,  been 
principally  instrumental  in  determining  the  existence  and  limits  of 
strata  belonging  to  the  lias,  and  the  lower  and  middle  oolite,  whilst 
Edward  Forbes,  in  seeking  for  the  equivalents  of  the  English  has  and 
oolite,  ascertained  that  the  Oxford  clay  has  its  equivalent  in  Skye. 
The  district  examined  by  Mr.  Geikie  is  a  narrow  belt,  from  three  to 
six  miles  in  breadth,  which  extends  across  the  narrowest  part  of  the 
island  from  sea  to  sea,  and  in  area  is  about  thirty  square-miles. 
Including,  as  it  does,  the  largest  development  of  the  lias  in  Scot- 
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land,  and  as,  in  its  lowest  and  middle  divisions,  it  attains  a  thick- 
ness of  1500  feet,  it  compensates  for  the  small  area  by  the  important 

reflections  to  which  it  may  well  give  rise  in  respect  to  its  former 
physical  conditions,  as  so  deep  a  deposit  in  so  small  a  space  mnst  be 
considered  only  a  relic  of  a  much  greater  whole  ;  and  we  may  well 
say,  with  Mr.  Geikie,  that  the  intricate  and  confused  character  of  the 
geological  structure  of  Skye  gives  to  the  liassic  beds  an  additional 
and  peculiar  interest.  Considering  the  state  of  knowledge  at  the 

time  when  Macculloch  published  his  '  Western  Islands/  and  the  im- 
perfect maps  he  had  to  guide  him  in  his  researches,  we  may  well 

excuse  some  errors  in  marking  the  limits  of  strata,  even  in  so  acute 
and  able  an  observer ;  and  it  is  therefore  no  real  disparagement  to 
him  that  others  have  since  been  able  to  discover  and  correct  them. 

As  a  fact  it  is  remarkable,  that  the  Lias  in  Scotland  rests  on  either 
a  metamorphic  or  palaeozoic  base,  usually  the  Old  Red  Sandstone,  and 
that  it  is  confined  to  the  northern  counties,  among  the  hypogene  and 
older  palaeozoic  districts.  The  lias  of  Skye  is  sometimes  conformable 
and  sometimes  unconformable  to  the  underlying  red  sandstone,  a 
purplish-grey  quartz-rock ;  but,  as  these  rocks  have  hitherto  yielded 
no  organic  remains,  it  cannot  be  positively  determined  whether  they 
belong  to  the  Old  Eed,  the  Silurian,  or  the  later  portions  of  the 
gneissose  series  of  Central  Scotland. 

Mr.  Geikie  traces  the  limits  of  the  sedimentary  deposits,  and 
describes  their  mineral  character  as  well  as  their  organic  relations, 
and  then  in  a  similar  manner  notices  the  various  igneous  or  erupted 

rocks,  which  have,  without  doubt,  given  rise  to  much  of  the  com- 
plexity of  the  district.  This  paper  is  accompanied  by  a  very  valuable 

list  of  the  fossils  collected  by  Mr.  Geikie  from  the  lias,  drawn  up  by 
Dr.  Thomas  Wright,  who  prefaces  the  list  by  a  brief  definition  of  the 
sense  in  which  he  understands  the  term  "  Middle  Lias."  He  here 
repeats  his  former  opinion,  that  the  terms  Upper  Lias,  Middle  Lias, 
and  Lower  Lias,  as  used  by  English  geologists,  require  modification, 

in  order  to  place  the  "  basic"  beds  in  correlation  with  those  of  French 
and  German  authors, — modifications  which  in  his  opinion  require  the 
basic  beds  of  the  Inferior  Oolite  to  be  transferred  to  the  Lias,  as  the 

"  Upper  Lias  Sands,"  and  the  beds  which,  with  the  Marlstone,  were 
the  upper  beds  of  the  Lower  Lias,  to  be  considered  the  basic  beds  of 
the  Middle  Lias. 

Following  up  this  idea,  Dr.  Wright  gives  a  table  showing  the  con- 
dition of  the  lias-beds  in  France,  Germany,  Gloucestershire,  and  Skye, 

in  which  these  alterations  are  exhibited.  This  is  a  disputed  point, 
to  which  I  shall  again  have  to  refer.  I  shall  :only  further  observe 
that  Dr.  Wright  first  gives  a  list  of  about  86  characteristic  species  of 
Mollusca  and  Eadiata  of  Gloucestershire,  and  then  compares  those 

collected  by  Mr.  Geikie,  which  are  identified  (as  already-described 
species)  with  them.  These  are  principally  from  the  shales  of  Pabba, 
which  Dr.  Wright,  as  the  result  of  the  comparison,  places  at  the 
base  of  the  Middle  Lias,  under  the  Marlstone.  As  there  are  25  of 
such  Pabba  species,  the  deduction  is  made  from  a  more  enlarged 
basis  of  comparison  than  in  the  case  noticed  in  my  last  address,  and 
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is  unquestionably  treated  with  an  evident  desire  to  arrive  at  the 
truth.  Pleuromya  Scotica,  GervilliaMaccullochii,  Pentacrinus  robustus, 
and  Isastrcea  Murchisonii  are  new  species  added  to  the  fossil  fauna 

by  Dr.  "Wright,  who  also  states  that  the  Gryphcea  Maccullochii  (Sow- erby)  is  the  true  Gryphcea  Cymbium  of  Lamarck :  as  determined  from 
the  observation  and  comparison  of  the  Pabba  specimens,  it  is  in  his 
opinion  a  Middle  Lias  species,  both  in  England  and  France. 

I  have  hinted  in  the  preceding  remarks  that  I  should  have  again 

to  notice  the  question,  mooted  by  Dr.  Wright,  of  a  proposed  modi- 
fication of  the  position  assigned  to  the  sands  of  the  Inferior  Oolite 

by  English  geologists.  I  had  then  in  view  the  paper  by  Professor 
Buckman  on  the  Oolitic  Rocks  of  Gloucestershire  and  North  Wilts. 

It  is  gratifying  to  observe  that  the  two  important  sections  used  as 
illustrations  for  this  paper  are  the  result  of  surveys  made  by  the 

professors  and  students  of  the  Royal  Agricultural  College  of  Ciren- 
cester, as  they  are  thus  a  practical  exemplification  of  the  importance 

of  combining  geology  with  agriculture — a  subject  so  forcibly  dwelt 
on  by  our  late  friend  Mr.  Trimmer.  After  noticing  the  labours  and 
reviewing  the  opinions  of  preceding  writers  on  the  Oolites,  and  more 
especially  on  the  lowest  part  of  the  series,  Professor  Buckman 
declares  himself  opposed  to  the  views  of  Dr.  Wright,  and  considers 
that  he  has  not  produced  sufficient  evidence  for  associating  the  so- 
called  "  Sands  of  the  Inferior  Oolite"  with  the  Lias.  He  admits  indeed 
that  some  of  the  shells  from  the  fossiliferous  sands  are  peculiar,  and 
have  sometimes  (especially  a  few  of  the  Ammonites)  a  Liassic  aspect, 
but  at  the  same  time  contends  that  the  greater  portion  of  the  fauna, 

including  the  local  and  non-migrating  Mollusca,  is  characteristically 
oolitic,  and  that  the  two  more  characteristic  Liassic  Ammonites,  on 

which  especially  Dr.  Wright  relied,  were  not  merely  "  extraneous " 
fossils,  to  use  the  phrase  of  Mr.  Austen,  but  actually  obtained  from 
the  true  Lias,  far  below  the  sands  in  question.  The  cause  of  tins 
mistake  is  supposed  by  Professor  Buckman  to  have  originated  from 
the  decomposed  state  of  the  surface  of  the  Lias  here,  and  the  fact 
that  it  is  masked  by  an  overflow  of  the  sand  from  above,  so  as  to 
have  led  Dr.  Wright  to  think  that  the  fossils  were  in  the  sand  itself. 
Professor  Buckman  deserves  much  credit  for  the  pains  with  which 

he  must  have  instructed  his  pupils  and  laboured  himself  in  working- 
out  the  details  of  the  whole  oolitic  series ;  and  it  appears  to  me  that 

the  question  at  issue  between  him  and  Dr.  Wright  is  in  itself  in- 
structive. To  determine  that  a  fossil  is  extraneous,  it  ought  to  be 

shown  that  the  bed  in  which  it  is  found  is,  from  its  physical  charac- 
ters, incompatible  with  the  organic  conditions  of  its  existence.  The 

physical  conditions  of  the  Liassic  and  Oolitic  beds  are  different ;  and 
it  might  be  expected  therefore  that  they  should  have  supported 
many  organisms  peculiar  to  each,  independently  of  any  question  of 
age.  Should,  therefore,  a  bed  exliibiting  the  physical  conditions  of 
the  Lias  appear  immersed  in  the  Oolites,  and  in  it  be  found  a  Liassic 
fossil,  it  cannot  be  assumed  that  such  a  fossil  is  extraneous,  however 
its  appearance  may  militate  against  our  opinions  of  the  age  of  the 
deposit.    Should,  however,  the  fossil  be  found  imbedded  in  a  stratum 
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totally  dissimilar  to  tlie  bed  which  marks  the  character  of  its  natural 
habitat,  it  cannot  be  received  as  any  other  than  an  extraneous  fossil, 
and  ought  to  be  rejected  from  the  list  of  characteristic  fossils.  In 
geology  there  should  be  no  spirit  of  partisanship,  as  the  object  is 
not  to  support  the  territorial  rights  of  formations,  but  to  arrive  at 
truth.  Such,  I  am  sure,  is  the  object  of  Professor  Buckman ;  and, 
as  he  promises  hereafter  to  offer  further  remarks  on  the  physical 
conformation  of  the  Oolitic  district  he  has  described,  we  may  expect 
that  this  question  will  then  be  finally  settled.  In  like  manner,  I 

am  satisfied  that  Dr.  "Wright,  when  convinced  that  he  has,  in  this particular  case,  been  led  into  error,  will  frankly  admit  it. 
A  paper  by  Professor  D.  T.  Ansted  on  the  geology  of  the  Southern 

part  of  Andalusia,  between  Gibraltar  and  Almeria,  brings  the  Jurassic 
beds  under  notice,  with  some  little  variations  in  the  physical  charac- 

ters of  the  rocks  with  which  they  are  associated.  Having  described 
the  mica-schists  of  the  Sierra  Nevada,  he  states  that  in  the  north- 

west they  are  overlaid  by  a  crystalline  limestone,  on  which  repose 
thick  beds  of  tertiary  marls.  Beds  of  shale  in  some  places  are  inter- 

polated between  the  schists  and  the  limestones  ;  and  near  Malaga  they 
pass  into  a  conglomerate,  and  then  into  triassic  and  Jurassic  beds. 
The  old  schists  and  the  shales  are  traversed  by  serpentine-veins, 
which,  in  the  absence  of  fossils,  serve  as  a  proof  of  their  general 
identity.  East  of  Malaga  the  Professor  observed  a  black  foetid 
magnesian  limestone  (distinct  from  the  true  dolomites),  which  under- 

lies shales  and  sandstones,  the  upper  grit-bed  containing  Calamites 
or  Equisetites.  This  limestone  he  considered  the  equivalent,  as 
regards  position,  of  the  conglomerates  between  the  shales  and  sand- 

stones above  mentioned ;  but  as  the  first-named  shales  were  said 
to  pass  into  the  conglomerate,  and  at  the  same  time  were  closely 
connected  by  the  serpentine-veins  with  the  mica-schists,  there  ap- 

pears much  complexity,  as  might  have  been  expected,  in  these  partial 
(or  at  least  locally-studied)  deposits. 

The  limestones  of  the  Sierra  de  Gador  pass  towards  the  west  into 
the  light- coloured  limestones  of  Gibraltar,  and  are  considered  Jurassic, 
— a  red  marble  at  San  Anton  being  probably  Cretaceous,  and  an  over- 

lying calcareous  breccia  the  base  of  the  Tertiary  series.  On  this 
latter  rock  rests  another  limestone  of  oolitic  structure,  but  associated 
with  a  Nummulitic  rock.  All  these  are  followed  by  a  series  of  Upper 
Tertiary  strata,  the  lower  beds  rich  in  Eoraminifera,  and  the  others 
exhibiting  one  of  those  curious  alternations  of  land  and  freshwater 
fossils,  with  beds  abounding  in  the  most  marked  marine  fossils.  The 

more  recent  raised  sea-beaches  close  the  geological  details  of  Pro- 

fessor Ansted's  paper;  but,  as  his  great  object  in  visiting  Spain 
appears  to  have  been  the  investigation  of  its  mineral  treasures,  I 
may  observe  that  irregular  deposits  of  argentiferous  copper  occur  in 

the  mica- schist,  that  galena  is  found  in  the  first-mentioned  crystal- 
line limestone,  that  copper-ore  is  also  found  in  the  beds  of  shale 

(which  is  another  link  between  them  and  the  mica-schist),  and,  finally, 
that  enormous  deposits  of  galena  are  found  in  fissures  which  traverse 

the  supposed  Jurassic  limestones, — results  which  sufficiently  prove 
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the  importance  of  geological  knowledge  to  the  practical  minera- 
logist. 

Onr  indefatigable  member  Capt.  T.  Spratt,  R.N.,  has  extended 
his  inquiries  into  the  Eastern  part  of  the  Dobrutcha,  and  has  favoured 
ns  with  some  remarks  in  continuation  of  his  former  paper.     The 
flanks  of  the  Northern  chain  of  mountains,  in  itself  composed  of 
highly  inclined  limestones,  shales,  and  slates,  are  smoothed  down,  as 
it  were,  by  a  deposit  of  arenaceous  and  variegated  marls.     These 
marls  are  considered   of  recent  date ;   and  though  not  fossiliferous, 
Capt.  Spratt  now  considers  that  this  group  of  superficial  marls  of 
the  Steppe  is  distinct  from  the  freshwater  marls,  or  lower  fresh- 

water deposits,  of  Kustenjeh.     At  the  north-east  of  the  Dobrutcha 
there  are  older  rocks,  which  Capt.  Spratt  considers  to  be  in  a  me- 
t amorphic  condition  from  volcanic  action,  and,  in  his  opinion,  to  have 
been  either  Devonian  or  Carboniferous ;  to  them  he  assimilates  the 
thick  beds  of  dark  shale  which  occur  at  the  south-west  corner  of  the 
Easelm  Lagoon,  where  the  Delta  of  the  Danube  commences ;  they 
resemble  the  shales  and  schists  on  the  flanks  and  base  of  the  Balkan, 

near  Cape  Emmeneh.    In  the  coast- cliff  a  secondary  limestone  is 
observed  to  overlie  the  shales,  whilst  it  immediately  underlies  the 
superficial  earthy  marls  of  the  Steppe.     Capt.  Spratt  had  no  oppor- 

tunity to  search  for  fossils  amongst  the  deep  beds  of  shale,  sometimes 
amounting  to  500  or  600  feet  in  thickness  ;  but  the  fossils  found  by 
him  in  the  limestone  appear,  from  the  examination  of  our  Assistant- 
Secretary,  Mr.  Rupert  Jones,  to  correspond  with  those  of  the  second- 

ary section  of  the  white  limestone  of  the  Mediterranean  :  and  I  use 

the  term  "  section"  because,  as  I  have  on  a  previous  occasion  observed, 
the  same  physical  condition  is  preserved  in  the  limestone  from  the 
Jurassic  into  the  tertiary  epoch  as  is  shown  in  the  Ionian  Islands, 
and  more  especially  in  the  Island  of  Paxo,  where  Nuinmulites  in 
great  abundance  occur  in  connexion  with  flints,  and  with  the  general 
characteristic  appearances  of  the  hardened  chalk.  Some  of  thephysical     © 
changes  which  have  taken  place  in  this  region  are  highly  interesting. 
The  limestones  Capt.  Spratt  supposes  to  have  stood  as  ridges,  rocks, 
or  islets  in  a  freshwater  lake,  which  once  covered,  in  his  opinion,  the 
whole  area  of  the  Black  Sea  and  Archipelago,  and  which  has  left 
evidence  of  its  existence  in  several  freshwater  formations,  both  of 

marls  and  lhnestones.     Following  in  succession  the  hard  porcelain- 
like limestone,  Capt.  Spratt  notices  a  chalk-marl  and  a  limestone  of 

a  more  truly  cretaceous  character ;  but  even  these  would  appear  not 
to  be  clearly  determinate  in  age,  were  it  not  that  Mr.  Jones  states 
that  a  Yentriculite  and  Cretaceous  Foraminifera  occur  amongst  the 

fossils.     I  shall  conclude  my  brief  notice  of  Capt.  Spratt's  researches 
by  observing  that  the  base  of  the  tertiary  system  is  in  several  local- 

ities observed  to  be,  as  at  Varna,  and  at  Sevastopol  on  the  opposite 
shore,  a  limestone  oolitic  in  structure, — a  fact  which  confirms  my 
observations  of  the  continuance  of  a  prevailing  mineral  type  through 
a  vast  range  of  organic  life. 

Another  brief  but  very  interesting  paper,  "  On  the  freshwater 

deposits  of  the  Levant,"  may  be  considered  supplementary  to  the 
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preceding,  as  its  object  is  to  trace  out  the  boundaries,  and  determine 
the  age  of  a  great  Oriental  lake  or  chain  of  lakes  which  embraced 
the  Dardanelles,  Sea  of  Marmora,  and  perhaps  part  of  the  Mediter- 

ranean, as  indicated  by  the  detached  or  fragmentary  deposits  along 

the  ancient  margin.  This  is  a  noble  speculation ;  and  I  "will  only 
add  that  Capt.  Spratt,  who  invites  the  attention  of  geologists  to 
the  subject,  has  proved  himself  a  very  able  pioneer  of  their  re- 
searches. 

During  the  late  war,  the  occupation  of  part  of  the  Crimea  by  the 
allied  armies  brought  within  the  scope  of  observation  the  geology 
of  a  country,  which,  although  it  had  been  previously  examined,  still 
left  much  open  to  further  investigation.  Had  the  proposition  which 
was  made  at  the  commencement  of  the  war,  to  attach  a  scientific 
committee  to  the  army,  been  carried  into  effect,  there  cannot  be  a 
doubt  that  much  most  valuable  information  would  have  been  obtained 
towards  the  correct  correlation  of  the  strata  of  the  Crimea  with 

those  of  England ;  but,  even  as  it  was,  some  of  our  officers  found 
time,  amidst  all  the  dangers  and  privations  of  that  most  remarkable 
campaign  and  siege,  to  collect  materials  for  geological  investigation. 
Amongst  these  intellectual  soldiers,  Capt.  P.  Cockburn,  Royal  Ar- 

tillery, was  one  who  not  only  worked  hard  to  collect  a  series  of  fossils 
and  rock- specimens  illustrative  of  the  geology  of  the  neighbourhood 
of  Sevastopol  and  Balaclava,  but  who  wisely  placed  them  in  the  hands 

of  our  able  member,  Mr.  "W.  Baily,  for  description ;  and  the  result  is  a very  copious  list  of  fossils,  which  have  been  well  illustrated  by  three 
lithographed  plates.  The  range  of  strata  extends  from  the  shales  of 

the  "Woronzoff  road  (described  by  M.  Dubois  de  Montpereux  as  the oldest  fossiliferous  deposits,  and  considered  by  Mr.  Baily  to  be 
equivalent  to  the  Lower  Lias)  through  Jurassic  and  Cretaceous  strata, 
up  to  the  Steppe  Limestone,  which,  though  often  oolitic  in  character, 

is  proved  to  belong  to  the  Newer  Tertiaries, — an  example  which,  like 

those  I  have  before  cited  from  Capt.  Spratt's  and  my  own  observations, 
exhibits  the  long  continuance  of  the  same  physical  conditions,  not- 

withstanding the  variation  in  the  imbedded  organisms.  Specimens  of 
the  various  intrusive  volcanic  rocks  which  have  disrupted  the  strata, 
and  doubtless  effected  much  metamorphic  change,  were  also  collected 
by  Capt.  Cockburn,  who  observes  that  the  upper  Tertiaries,  occurring 
sometimes  shelly,  sometimes  sandy,  and  then  again  as  oolitic  lime- 

stones, are  generally  marine,  but  sometimes  freshwater,  and  are 
occasionally  associated  with  volcanic  ashes  and  tufa.  Mr.  Baily,  in 
working  up  the  materials  placed  in  his  hands  by  Capt.  Cockburn, 
first  does  justice  to  all  the  preceding  authors  who  have  either  given 
descriptions  of  the  geology  of  the  district,  or  of  other  districts  having 
an  immediate  connexion  with  it — not  overlooking  Keyserling,  De 
Yerneuil,  and  Sir  R.  Murchison — and  then  proceeds  to  the  examina- 

tion of  the  fossils,  the  lowest  geological  formation  noticed  in  his 
list  being  Jurassic.  The  number  of  species  passed  under  review  was 
286,  of  which  60  are  described  by  Mr.  Baily  as  new.  The  propor- 

tions in  the  several  formations  are  as  follows  : — 
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Before-described 
Species.  New  Species.  Total. 

Jurassic  or  Lower  Secondary ... .  44  ....  16  ....  60 
Cretaceous  or  Upper  Secondary. .    106     ....      11      ....    117 
Older  Tertiary           24              0            24 
Newer  Tertiary        52     ....      33     ....      85 

It  is  somewhat  remarkable  that  0*26,  or  above  ̂ th  of  the 

lower  secondary,  and  *39,  or  above  -J-rd  of  the  newer  tertiary,  are 
new  fossils,  whilst  in  the  upper  secondary  less  than  -^th  are  new, 
and  in  the  older  tertiary  no  new  fossils  at  all  were  discovered.  I  do 
not  draw  from  this  circumstance  any  other  conclusion  than  that 
much  more  must  be  done  before  a  perfect  correlation  of  the  strata  can 
be  effected :  and  I  cannot  help  hoping  that  all  the  specimens  will  be 
hereafter  carefully  drawn  and  published ;  for  it  is  almost  impossible 
to  determine  the  identity  of  those  which  have  been  compared  only 
with  the  figures  of  foreign  works,  without  having  carefully-executed 
plates  to  examine ;  and  it  is  to  be  hoped  that  hereafter  the  museum 
in  Jermyn-street  will  become  complete  in  typical  series  of  specimens 
with  which  all  foreign  specimens  may  be  collated.  Several  other 
military  names  are  mentioned  as  having  been  contributors  of  the 

specimens,  such  as  Lieut. -Col.  Munro,  Major  Anderson,  R.A.,  Major 
Cooke,  E.E.,  Major  Hudson,  39th  Regiment,  Dr.  Sutherland,  Dr. 
McPherson,  and  Mr.  Olver.  Many  of  these  names  have  been  given  to 
the  new  species ;  and  I  would  have  been  happy  to  relinquish  the 
honour  conferred  in  one  instance  upon  me,  in  favour  of  some  of  the 
others. 

The  judicious  remarks  with  which  Mr.  Baily  concludes  his  paper 
show  an  alternating  approximation  to  and  divergence  from  the 
British  types.  Thus,  for  example,  in  the  lowest  division  there  is  a 
close  approximation  to  our  Lias,  whilst  there  is  a  considerable  diver- 

gence from  the  Oolites.  In  the  Cretaceous  group  there  is  again  a 
tolerable  resemblance  to  the  several  British  divisions ;  and  even  in 
the  Lower  Tertiaries  there  is  some ;  whereas  the  Middle  or  newer  Ter- 
tiaries,  constituting  the  Steppe  Limestone,  and  forming  one  of  the 
most  important  members  of  the  whole  series  in  the  Crimea,  are  very 
distinct  from  the  British  Tertiaries  in  fossils,  and  are  believed  to  have 

formed  part  of  the  deposits  of  the  great  Aralo-Caspian  Sea,  which 
was  probably  even  larger  than  the  present  Mediterranean. 

Mr.  Baily  has  turned  to  good  account  the  opportunity  afforded 
him  by  Capt.  Cockburn ;  and  I  trust  Capt.  Spratt,  and  Dr.  Abich, 
who  is  also  engaged  in  this  interesting  research,  will  bring  these 
observations  into  comparison  with  their  own,  and  by  their  continued 
labours  assist  in  rendering  the  whole  complete. 

Permian  and  Trias. — Every  day's  experience  has  added  fresh 
proof  of  the  difficulty  of  accurately  discriminating  between  detritic 
formations  when  in  close  contact  with  each  other ;  and  it  may  be 
fairly  said  that  it  would  never  have  been  possible  to  allot  to  the 
Magncsian  Limestone  of  England  its  true  place  in  geological  classi- 

fication, had  not  Sir  Roderick  Murchison  discovered  in  Russia  all  the 
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elements  necessary  to  constitute  a  distinct  formation,  and  recognized 
the  Magnesian  Limestone  of  England,  the  Zechstein  of  the  Continent, 
and  several  detritic  members  as  belonging  to  the  new  formation  he 
then  established  under  the  name  Permian.     The  general  correla- 

tion of  the  strata  of  both  the  Triassic  -and  Permian  formations  of 
the  Thiiringerwald  and  Hartz  had  been  before  pointed  out  by  Sedg- 

wick, Murchison,"Ki  n  g,  and  Morris ;  audit  is  the  object  of  Mr.  Edward Hull,  in  his  paper  on  the  Odeuwald,  to  inquire  how  far  a  similar 
parallelism  could  be  traced  between  the  Triassic  strata  of  Germany 
and  of  England.     In  the  Odenwald,  the  Permian  strata  are  very 
limited,  and  are  identified  with  the  formations  of  the  Thiiringerwald 

and  Hartz,  or  with  the  trappoid  breccias  of  "Worcestershire,  almost entirely  by  lithological  characters;  but  as  the  Zechstein  appears, 
though  sparingly,  at  Heidelberg,  the  fact  of  the  existence  of  Permian 
deposits  may  be  safely  admitted.    Mr.  Hull  had  in  1854  pointed  out 
three  well-defined  subformatious  in  the  Buuter  sandstone  of  England ; 
and  it  was  his  principal  aim  to  ascertain  whether  this  member  of  the 

Trias  is  similarly  subdivided  in  Germany, — a  species  of  minute  corre- 
lation attended  with  much  difficulty.     The  sandstone  of  the  Oden- 

wald has  been  sometimes  classed  with  the  Permian ;  but  after  a  care- 
ful examination,  and  depending  on  mineral  resemblances,  Mr.  Hull 

considers  it  Triassic,  and  the  representative  of  the  middle  one  of  his 
three  divisions  of  the  English  Bunter,  viz.  the  conglomerate -beds  of 
the  West  of  England, — the  two  other  divisions,  or  the  upper  and 
lower  variegated  sandstones,  being  here  wanting.    But  though  this 
sandstone  exhibits  only  one  form  of  physical  deposit,  it  attains  a  thick- 

ness equal  to  that  of  all  the  three  English  subdivisions,  and  may 
therefore  be  their  full  equivalent.     The  Muschelkalk,  being  absent 
in  England,  does  not  admit  of  a  comparison ;  but  Mr.  Hull  concludes, 
as  the  general  result  of  his  examination,  that  the  three  divisions  of 
the  Permian  as  established  by  Murchison,  and  the  four  divisions 
which,  as  regards  mineral  characteristics,  have  been  noticed  in  the 
Keuper,  have  all  their  representatives  both  in  England  and  in  Ger- 

many.    A  tabular  view  is  given  of  this  correlation  of  the  deposits  • 
and  as  Mr.  Hull  regrets  that  he  was  unable  to  extend  the  range  of 
his  inquiries  to  the  Yosges,  we  may  hope  with  him  that  he  will  at 
a  future  day  be  in  a  position  to  obtain  more  complete  data  for  this 
class  of  deduction. 

Professor  Mcol  has  brought  under  our  notice  some  phasnomena 
connected  with  the  New  Red  Sandstone  of  Loch  Greinord,  in  Ross- 
shire.  Preceding  authors  had  noticed  the  occurrence  on  the  shores 
of  this  loch,  of  two  small  patches  of  red  sandstone,  and  suggested  their 
apparent  relation  to  the  Eed  Marl,  or  New  Red,  of  England.  Pro- 

fessor Mcol,  after  making  due  mention  of  the  labours  of  Macculloch, 
Sedgwick,  and  Murchison,  points  out  the  manner  in  which  the  newer 
sandstone  overlies  the  older  formation,  the  stratification  being  at  a 
low  angle.  The  underlying  sandstone,  notwithstanding  some  pecu- 

liarities, Professor  Mcol  identifies  with  the  quartzite  of  the  neigh- 
bouring mountains,  and  he  finds  the  newer  sandstone  deposited,  in  a 

very  remarkable  manner,  among  the  broken  edges  of  the  older  strata. 
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As  even  the  calcareous  matter  occasionally  connected  with  the  sand- 
stones has  hitherto  produced  no  fossils,  the  determination  of  age  must 

depend  on  other  considerations,  such  as  the  position  of  the  beds  and 
the  fragments, of  rocks  they  contain ;  and  on  such  evidence  Professor 
Nicol  concludes  that  the  upper  formation  belongs  to  a  far  more  recent 
period  than  the  underlying  sandstones.  To  connect  it,  however,  with 
still  more  recent  formations  is  a  matter  of  difficulty ;  great  numbers 
of  fragments,  however,  of  a  compact  white  limestone  are  scattered  on 
the  shore  near  Tmafiiline,  opposite  to  Island  Ewe,  and,  having  been 
but  little  worn  by  transport,  appear  to  be  the  remnants  of  a  formation 
now  worn  away.  The  fossils  they  contain  show  that  the  formation 
must  have  been  the  same  as  the  Oolite  of  the  North  of  Skye  (which 
therefore  must  have  once  had  a  very  considerable  extension),  and  add 
to  the  probability  that  the  red  sandstones  were  all  upper  members 
of  the  Trias,  or  perhaps  of  the  Lower  Lias ;  and  that  these  small 
patches  are  also  relics  of  a  much  more  extensive  formation.  Professor 
Mcol  offers  some  interesting  observations  on  the  variation  in  the 
amount  of  metamorphic  action ;  and  closes  his  paper  by  pointing  out 
what  he  considers  to  have  been  glacier- moraines — one  ridge  of  boul- 

ders of  gneiss  and  other  rocks  having  been  the  terminal,  and  another 
the  lateral  moraine  of  a  glacier  cradled  in  the  mountain-valley  in 
which  Loch  Fuir  now  lies. 

Of  other  papers,  less  directly  falling  into  the  divisions  of  the  sub- 
ject I  have  adopted,  one  by  Mr.  R.  Brough  Smyth  is  of  much 

interest,  as  it  brings  under  our  notice  a  district  in  the  Colony  of 
Victoria,  Australia,  remarkable  for  volcanic  products  and  other 
evidences  of  recent  igneous  action.  This  district  is  represented  as 
250  miles  in  length,  and  90  miles  in  breadth ;  and  Mr.  Smyth  enu- 

merates many  hills  of  various  heights  (some  as  much  as  700  and 
1500  feet)  in  which  either  craters  can  be  traced,  or  marked  relics  of 
volcanic  action  discovered.  An  interesting  letter  from  Mr.  Selwyn, 
the  colonial  geologist,  states  that  one  of  them,  "  Tower  Hill,  is  cer- 

tainly the  most  recent  volcanic  vent  he  had  seen  in  Victoria,"  as  the 
ash  and  scorias  emitted  during  its  later  eruptions  rest  on  beds  of 
shell,  sand,  and  earthy  limestone  containing  numbers  of  the  living 
littoral  species  of  Mollusca.     The  crater  now  forms  a  lake. 

Whilst  granite  appears  to  be  the  basic  rock  of  the  Victoria  system, 
Mr.  Smyth  recognizes  two  eruptions  of  basalt — the  most  ancient 
having  penetrated  the  Palaeozoic  and  Tertiary  strata,  and  the  newer 
having  not  only  penetrated  these,  but  overflowed  the  Tertiary  (form- 

ing, it  is  presumed,  a  sheet  of  submarine  lava),  being,  however, 
sometimes  underlain  by  an  intervening  bed  of  hard  quartz  rock, 
and  overlain  by  a  quartzose  drift,  and  by  the  recent  volcanic  lava. 
The  Tertiary  beds  are,  from  their  fossils,  considered  of  miocene  age ; 
they  do  not  appear  to  have  been  disturbed  by  the  eruptions,  but  con- 

tinue horizontal.  The  streams  of  lava  are  in  some  places  more  than 
25  miles  in  length,  and  of  great  thickness;  and  the  occurrence  of  auri- 

ferous deposits  around  the  centres  of  eruption,  and  the  contiguity  of 
the  extinct  cones  to  the  great  volcanic  chain  which  extends  from  the 

Aleutian  Isles  to  New  Zealand,  give,  in  Mr.  Smith's  opinion,  a  pecu- 
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liar  interest  to  this  exhibition  of  volcanic  forces  in  action  almost  up 
to  the  historic  period.  It  is,  indeed,  yet  to  be  determined  whether 
the  number  of  still  active  volcanos  is  equal  to,  in  excess  of,  or 
in  defect  of  the  number  of  the  extinct. 

The  Eev.  Samuel  Haughton,  Fellow  of  Trinity  College,  Dublin, 
and  Professor  of  Geology  in  that  University,  has  submitted  to  us  his 
further  researches  into  the  chemical  constitution  of  the  granites  of 
Ireland,  which  I  might  perhaps  have  noticed  more  appropriately  in 
a  preceding  portion  of  my  address.  In  his  former  paper  he  expressed 
his  opinion  that  the  granites  of  the  neighbourhood  of  Newry,  like 
those  of  Leinster,  belong  to  two  distinct  types,  namely,  potash-  and 
soda-granites, — those  south  of  a  north-east  line  drawn  through Newry 
and  including  the  Mourne  granites  belonging  to  the  potash-type, 
whilst  those  to  the  north  of  the  line  belong  to  the  soda- type.  In 
the  present  paper  Professor  Haughton  supports  this  opinion,  first  by 
the  chemical  analysis  of  granites  selected  from  five  localities  south 
of  the  line,  in  which  there  is  a  general  resemblance  in  the  compo- 

sition of  all,  the  potash  exceeding  the  soda  in  amount  in  the  propor- 
tion of  4  and  5  to  3,  and  then  by  a  similar  analysis  of  the  soda- 

granites  from  four  localities,  which,  however,  do  not  exhibit  the  same 
regularity  of  composition,  whilst  the  proportions  are  reversed  in 
respect  to  the  soda  and  potash,  the  soda  being  now  in  excess. 

The  atomic  proportions  of  Silica,  Peroxides,  and  Protoxides  in  the 

two  types  of  granite  are  as  follows : — 

Potash-granite.  Soda-granite. 

Silica          1-582  Silica       1-429 
Peroxides     ..      0-311  Peroxides     ..      0-367 
Protoxides   . .      0-301  Protoxides  . .      0-294 

And  the  mineral  composition, 

Potash-granite.  Soda-granite. 

Quartz            18-36  Quartz       21-24 
Felspar      76-66  Felspar     41-45 
Green  Mica   . .      5-00  Mica     36-50 

100-02  99-19 

The  composition  of  what  Professor  Haughton  terms  a  "  pink  elvan 
or  soda-elvan-dyke,"  he  deduces  from  his  analysis  to  be, 

Soda-elvan. 

Quartz         29-52 

Felspar        60-15 
Hornblende            8-81 

98-48 

— hornblende  being  in  this  instance  supposed  to  replace  the  mica. 

These  pink  elvans  penetrate  the  granite.  From  all  his  observations, 
both  in  Down  and  in  Wicklow  (in  the  examination  of  which  latter 

county  he  was  assisted  by  Mr.  Jukes),  Professor  Haughton  concludes 
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that  the  potash-granites  arc  the  normal  type,  and  that  other  granites 
are  formed  by  the  addition  of  bases.  He  also  points  out  the  great 
difficulty  in  deciding  on  the  quantities  of  the  component  minerals  by 
the  eye  alone,  and  adds  that,  though  the  potash-granites  of  Leinster 
arc  more  persistent  in  external  character  than  the  Newry  granites, 
the  latter  are  quite  as  regular  in  chemical  composition. 

A  section  of  the  gravel-beds  at  Taunton,  in  Somersetshire,  was 

contributed  by  Mr.  J".  Pring ;  and  the  very  last  paper  of  our  late 
member,  Mr.  Joshua  Trimmer,  was  on  his  favourite  subject,  the  dis- 

tribution of  the  superficial  detritus  which  covers  up  most  of  the  con- 
solidated, and  hence,  in  part,  metamorphosed,  strata  of  the  earth.  In 

the  Gorlstone  cliffs  of  Norfolk,  Mr.  Trimmer  recognized  an  upper  and 

a  lower  Boulder  Clay;  and  this  very  fact  ( proves  that  the  old  so- 
called  diluvium  was  the  result,  not  of  an  abnormal  and  instantaneously 

acting  cause,  but  of  a  long- continued  series  of  natural  causes,  marked 
in  this  case  by  the  recurrence  of  glacial  phenomena  at  two  successive 
periods.  Mr.  Trimmer  considered  this  portion  of  the  earth  to  have 
been  gradually  sinking  at  the  time,  and  to  have  been  thus  subjected 
to  the  overflowing  of  the  northern  wave,  carrying  with  it  fields  of 
boulder-charged  ice. 

Having  thus  incidentally  referred  to  the  preceding  minor  papers, 
I  shall  close  this  notice  of  papers  on  Descriptive  Geology  by  a  brief 
commentary  on  the  two  papers  which  Sir  R.  Murchison  has  read 
before  the  Society  during  the  present  session.  Nothing  can  be 

more  gratifying  to  us,  or  more  encouraging  to  our  younger  mem- 
bers, than  to  observe  the  undiminished  energy  with  which  Sir  Ro- 

derick strives  to  put  the  last  finishing  touch  to  his  labours  on  the 
rich  subject  of  Silurian  deposits.  The  first  of  the  two  papers  was  a 
supplementary  comparison  of  the  Silurian  rocks  and  fossils  of  Nor- 

way as  described  by  M.  Theodor  Kjerulf,  with  those  of  the  Baltic 
provinces  of  Russia  as  described  by  Professor  Schmidt,  and  both 
with  their  British  equivalents.  In  South  Norway  there  is  a  vast 
development  of  unfossiliferous  rocks,  which,  as  in  our  own  country, 
are  denominated  Cambrian ;  but  we  may  at  least  hope  that  hereafter, 
even  in  these  unpromising  rocks,  the  same  success  will  attend  the 
searchers  for  fossils  as  has  already  rewarded  our  British  inquirers, 
and  that  it  will  be  ascertained  without  doubt  whether  any  epoch 
antecedent  to  that  of  Siluria  was  marked  by  organic  life.  The  recent 
discovery,  by  Mr.  William  Rogers,  of  the  genus  Paradoxides  in  the 
metamorphic  rocks  (ordinary  mica-slate)  of  the  neighbourhood  of 
Boston,  United  States,  is  one  additional  proof  that  we  ought  not  to 
despair  of  making  many  similar  discoveries,  some,  as  in  that  case, 
within  the  Silurian  epoch,  and  others  probably  far  antecedent  to  it. 
M.  Kjerulf  divides  the  Silurian  system  of  Norway  into  three  groups 
distinguished  by  their  physical  characters,  or,  in  other  words,  by  the 
conditions  under  which  the  several  deposits  had  been  formed  :  and 
these  he  names  from  the  localities  where  they  can  be  best  studied, 
the  Oslo,  the  Oscarskal,  and  the  Malmo  or  upper  group ;  and  then 
further  establishes  fourteen  subdivisions. 

The  sandstone  and  conglomerate  at  the  base  of  the  Oslo  group  is 
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unfossiliferous ;  but  it  is  followed  by  fossiliferous  schists  and  lime- 
stones. The  Oscarskal  group  is  composed  of  calcareous  and  argil- 

laceous rocks,  including  Encrinital  schists.  The  Malmo  group  is 

argillaceous  at  its  base,  with  calcareous  flags  and  a  Pentamerus- 
limestone,  an  upper  Orthoceratite-limestone,  and  an  upper  Grap- 
tolite- schist, — repetitions  which  strongly  prove  that  they  are  but 
the  natural  alternations  of  mineral  deposits,  accompanied  by  a  cor- 

responding variation  in  the  organic  structures  which  belong  to  any 
one  great  geological  formation.  The  total  thickness  of  the  fossili- 

ferous rocks  is  above  1900  feet;  and  Sir  Roderick  classes  the  lower 
and  the  upper  Oslo  and  the  Oscarskal  series,  or  the  lower  eight 
subdivisions,  with  the  Lower  Silurian  as  representing  the  Stiper- 
stones,  the  Llandeilo,  and  the  Caradoc  series,  and  the  lower  and  upper 
Malmo,  or  the  six  upper  subdivisions,  with^the  Upper  Silurian  as 
representing  the  Llandovery,  the  Ludlow,  and  the  Wenlock  series. 

In  the  comparison  of  the  fossils  of  the  Silurian  basin  of  Christiania 
with  those  of  Great  Britain,  Sir  Roderick  has  of  course  found  many 
specific  differences;  but  the  coincidence  in  the  succession  of  the  fossils, 
considering  the  distance  between  the  localities,  is  stated  to  be  truly 
remarkable,  and  without  doubt  it  is  by  this  correspondence  in  the 
change  of  organic  life  in  two  different  and  distant  regions  that  their 
identity  as  formations  must  be  determined,  rather  than  by  an  actual 
identity  of  species,  which  ought  not  to  be  expected  under  such  cir- 

cumstances. Occasionally,  however,  common  species  step  in  to  decide 

on  the  true  value  of  a  bed ;  and  thus  the  alum-slates  of  Norway,  which 
from  its  Trilobites  had  been  supposed  to  belong  to  a  peculiar  zone, 
are  by  OrtJiis  calligramma  and  Didymograpsas  geminns  brought 
into  direct  connexion  with  unquestionable  British  Lower  Silurian 

deposits,  such  as  the  Stiper-stones  and  Longmynd  rocks.  Taking 
indeed  the  whole  thickness  of  the  Scandinavian  beds  with  all  their 

subdivisions,  Sir  Roderick  maintains  that,  though  so  much  less  ex- 
tended in  development  than  the  British,  it  constitutes  one  conform- 

able and  natural  system,  whether  viewed  physically  or  zoologically. 

"Where  pierced  by  eruptive  rocks,  some  of  the  members  of  the  Silu- 
rian series  have  been  metamorphosed  into  crystal  line  gneiss- — a  fact 

which  has  been  confirmed  by  Mr.  David  Forbes. 
The  Silurian  deposits  of  Esthonia  and  Livonia,  as  described  by 

M.  Schmidt,  differ  in  physical  character  from  those  of  Norway, 
as  calcareous  bands  constitute  the  greater  portion  of  them.  M. 
Schmidt  recognizes  five  stages,  each  of  which  is  characterized 

by  a  peculiar  fauna,  —  very  few  species  traversing  two  entire 
stages,  some  being  present  in  the  two  upper,  and  some  in  the 
two  lower,  whereas  only  one  species,  the  Calymene  Blumenbachii, 
passes  through  the  five  lower  stages,  being,  however,  in  the  fifth, 
the  equivalent  of  the  Upper  Ludlow,  modified  into  G.  spectabilis  of 
Angehn.  The  sharpest  separation  is  between  the  second  and  third 
bands,  or  between  the  Lower  and  Upper  Silurian,  though  there  is 
even  there  a  sufficient  transition  to  show  that  there  has  been  no 

"  violent  break  in  the  development  of  organic  life,"  or  such  as  could 
warrant  the  separation  of  the  lower  from  the  upper  Silurian  as  part 
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of  one  great  natural-history  system.  I  need  not  follow  further  the 
ingenious  and  successful  effort  of  Sir  Roderick  to  prove  that  the 
system  of  classification  which  he  was  the  first  to  originate  in  England 
is  equally  applicable  to  every  country  in  which  the  more  ancient 
palaeozoic  deposits  have  been  noticed ;  and  perhaps  in  nothing  is  the 
truth  of  the  proposition  more  manifest  than  in  the  position  of  the 

Pentamerus-zones ;  for,  as  Sir  Roderick  points  out,  the  same  species 
of  Pentamerus,  Atrypa,  &c.  occur  in  two  successive  bands  in  England, 
thus  uniting  together  the  faunas  of  the  lower  and  upper  Silurian.  The 
Pentamerus- zone  in  Esthonia  is  simply  the  central  link  of  an  un- 

broken Silurian  chain — the  former  being  the  result  of  accident  or 
physical  disturbance,  the  latter  the  normal  condition  of  the  deposit. 
It  is,  indeed,  the  object  of  Sir  Roderick  to  prove  that  in  Scandinavia, 
as  in  Russia,  Silurian  rocks,  both  lower  and  upper,  copiously  charged 
with  characteristic  fossils,  form  a  united  and  unbroken  whole,  and, 

viewed  both  palseontologically  and  geologically,  exhibit  a  natural- 
history  system  quite  as  complete  and  more  easily  understood  than 
their  more  expanded  but  much  dislocated  equivalents  in  the  British 
Isles.  Species  may  indeed  change,  or  undergo  variations  so  great 
as  to  be  considered  different ;  but  the  grouping  of  the  whole  will 
always  enable  the  geologist  to  determine  that  he  has  arrived  at  a 
Silurian  deposit. 

The  last  paper  of  the  official  year  was  also  by  Sir  Roderick  Mur- 
chison,  and  is  directed  to  the  elucidation  of  the  succession  of  rocks 
in  the  Northern  Highlands.    The  object  of  this  paper  is  to  rectify  both 
the  opinion  which  had  been  previously  formed,  that  the  mountain- 
masses  of  red  conglomerate  and  sandstone  of  the  west  coast  of  Scot- 

land were  detached  portions  of  the  Old  Red  Sandstone,  and  that  of 
Professor  Nicol,  that  the  quartzite  and  limestone  occurring  in  this 
series  might  be  considered  an  equivalent  of  the  Carboniferous  series 
of  the  South  of  Scotland.  It  will  be  observed  that  this  latter  opinion 
was  based  on  certain  fossils  found  in  the  limestone  of  Durness  by 
Mr.  C.  Peach,  and  that  Sir  Roderick  founds  his  alteration  also  upon 
the  fossils,  after  a  determination  of  their  true  nature  by  Mr.  Salter. 
Sir  Roderick  first  describes  the  fimdamental  or  true  gneiss,  which 

is  the  basis  of  the  whole  series,  then  an  accumulation  of  quartz- 
rocks,  crystalline  limestones,  chloritic  and  micaceous  schists,   and 

younger  gneiss.     The  fossils  from  the  quartz-rocks  consist  of  small 
Annelide-tubes,  now  called  Serpulites  Maccullocliii,  and  traces  of 
fucoids  ;  they  have  been  traced  in  beds  for  long  distances  by  Mr.  C. 
Peach.     The  strong  band  of  limestone  between  two  quartz-rocks 
contains,  however,  fossils  of  a  higher  degree  of  organization,  namely, 
a  species  of  the  genus  Maclurea  (M.  Peachii,  Salter)  and  its  curious 
twisted  operculum,  the  genus  being  one  formed  by  our  American 
friends ;  again,  Ophileta  convpacta,  a  Canadian  fossil,  Oncoceras,  and 
a  smooth  species  of  Orthoceras  with  compressed  siphuncle.     They  all 
resemble  Lower  Silurian  fossils  of  Forth  America,  which  range  from 
the  Calciferous  rocks  up  to  the  Trenton  limestone,  but  especially 
grouped  together  in  the  limestones  of  the  Ottawa  River  in  Canada. 
Following  up  the  succession  of  rocks  to  the  eastward,  Sir  Roderick 
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states  his  belief  that  the  limestones  intercalated  with  the  chloritic 

and  quartzose  rocks  of  Dumbartonshire  are  unquestionably  of  Lower 
Silurian  age,  and  that  the  overlying  masses  of  mica-schist  and 
quartzose-gneissic  flagstones  of  the  Breadalbane  district  may  be  some 
day  found  to  be  merely  the  prolongation  of  the  micaceous  flagstones 

of  the  North- Western  Highlands,  described  as  overlying  the  quartz- 
rocks  and  fossiliferous  limestones. 

The  inquiry  was  then  extended,  ably  and  extensively,  into  the 
Devonian  system ;  and,  after  many  judicious  observations  on  the  divi- 

sions and  arrangement  of  this  great  formation,  Sir  Roderick  main- 
tains the  importance  of  the  Devonian  series  in  the  scale  of  formations, 

and  that  the  Old  Red  Conglomerates,  ichthyolitic  schists,  and  corn- 
stones,  with  the  overlying  sandstones  of  Scotland  and  Herefordshire, 
fully  represent,  in  time,  the  Devonian  rocks  of  the  South  of  England 
and  the  Continent,  so  full  of  corals,  crinoids,  and  marine  mollusks. 

It  is  impossible,  in  noticing  this  paper,  not  to  dwell  for  a  moment 
on  two  interesting  points  connected  with  it ;  namely,  that  the  recog- 

nition of  the  Silurian  age  of  the  Durness  deposit  should  have  been 
made,  not  through  the  intervention  of  a  comparison  of  its  fossils  with 
those  of  the  closely  approximate  Silurian  regions  of  England,  but 
with  the  remote  Silurian  regions  of  America,  and  it  may  be  said  that 
the  Silurian  deposits  of  Ireland  are  perhaps  richer  in  American  fossils 
than  the  English  deposits.  Supposing  these  relations  true,  many 
curious  speculations  might  be  founded  upon  them  worthy  of  the 
attention  of  Mr.  Austen.  The  next  is  the  superposition  of  completely 
metamorphosed  rocks  over  others  in  a  comparatively  slightly  modified 
condition,  passing  as  it  were  in  a  diminishing  degree  of  metamor- 
phism,  from  the  supposed  younger  gneiss  above,  through  micaceous 
flags,  to  the  semicrystalline  limestone  with  fossils.  This  seems  to 
be  a  matter  full  of  interest,  and,  assuming  that  the  geological  facts 
are  correct,  implies  that  we  have  yet  much  to  learn  respecting 
the  true  nature  of  metamorphism,  at  least  as  to  the  mode  in  which 
metamorphic  action  has  been  exercised;  but  I  must  still  refrain 
from  giving  a  decided  opinion  on  a  subject  so  replete  with  difficulties, 
in  which  two  such  able  observers  as  Sir  Roderick  Murchison  and 
Professor  Meol  are  still  at  issue. 

The  papers  I  have  hitherto  noticed  have  been  prepared  in  con- 
formity with  the  ordinary  rules  of  the  Society,  and  have  more  or 

less  contributed  to  our  knowledge  in  some  one  or  other  of  the  lead- 
ing branches  of  geological  science.  The  papers  I  am  now  about  to 

refer  to  are,  in  some  respects,  less  conformable  to  the  rules  of  the 
Society,  but  are  by  no  means  devoid  of  interest  and  value,  as 
they  are  intended  to  facilitate  the  appreciation  of  the  labours  of  our 
Transatlantic  brethren,  by  submitting  them  to  us  in  a  well-arranged 
and  carefully  considered  form.  Ton  are  all  aware  that  Dr.  Bigsby, 
the  author  of  these  papers,  has  never  lost  the  enthusiasm  which  his 
travels,  on  a  public  and  important  duty,  through  the  most  remote 
and  wild  regions  of  North-west  America,  excited  in  his  mind  nearly 
forty  years  ago.  I  well  remember  him  at  that  time,  when  his 
energies  were  at  their  maximum;  and  the  bent  of  his  mind  was 

vol.  xrv.  I 
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even  then  well-marked,  as  he  was  the  first  to  point  out  to  me  the 
remarkable  veins  of  sulphate  of  strontian  (Celestine)  in  the  island  of 

Lough  Erie,  now  called  "  Strontian  Island ; "  and  I  do  not  forget  that 
he  required  me  to  forward  to  him  a  correct  drawing  of  a  trilobite 
from  Lake  Huron,  then  in  my  possession.  He  has  lately  been  most 
industriously  occupied  in  preparing  a  general  Geological  Map  of 
North  America,  and  (whilst  engaged  in  that  laborious  task)  having 
been  doubtless  led  to  observe  and  estimate  the  difficulty  of  wading 
through  so  many  detached  reports  drawn  up  by  independent  United 
States  geologists,  has  wished  to  spare  others  a  similar  necessity. 
His  first  paper  treats  of  the  mineralogical  and  fossil  characters  of 
the  Palaeozoic  strata  of  New  York,  and  divides  itself  into  the  follow- 

ing heads : — "  Mineral  character,"  "  Mode  of  transition,"  "  Place," 
"  Position  or  dip,"  "  Thickness,"  "  Fossils  common  and  typical," 
"  Fossils  occurrent  in  Europe,"  "  Fossils  recurrent  in  New  York." 

As  Dr.  Bigsby's  principal  object  is  to  form  a  standard  of  compa- 
rison, by  which  the  palaeozoic  strata  of  New  York  may  be  brought 

into  relation  with  those  of  other  districts,  he  has  drawn  up  tables, 
constructed  from  the  writings  of  many  preceding  authors,  both 
American  and  European ;  and,  though  he  admits  that  some  revision 
of  the  American  fossils  is  still  required,  it  cannot  be  doubted  that 
his  work  will  be  a  great  aid  to  those  who  hereafter  may  undertake 
the  systematic  correlation  of  the  palaeozoic  formations  of  the  whole 
earth.  Admitting  for  the  present  the  minute  subdivisions  of  the 
palaeozoic  formations  by  the  American  geologists  to  be  correct,  he 
proceeds  to  describe  seriatim  the  seventeen  subdivisions  of  the  Silu- 

rian from  the  Potsdam  Sandstone  to  the  Upper  Pentamerus  Lime- 
stone, and  the  twelve  subdivisions  of  the  Devonian  from  the  Oris- 

kany  Limestone  to  the  Old  Red  Sandstone,  under  each  of  the  dis- 
tinctive heads  I  have  enumerated.  In  this  respect  it  is  curious  to 

observe  the  approximative  horizontality  even  in  the  lower  palaeozoic 
formations,  though  occasionally  and  very  partially  disturbed  by  local 
causes.  The  two  terms,  occurrent  and  recurrent  fossils,  represent, 
1st,  the  correlation  in  fossils  with  European  strata,  and,  2nd,  the 
repetition  of  the  same  fossils  in  successive  American  strata.  In  the 
Potsdam  sandstone  (the  lowest  member  of  the  Silurian  system),  only 
one  fossil  is  represented  as  occurrent  in  Europe  and  none  as  recur- 

rent in  America ;  but  in  ascending,  the  number  both  of  occurrent 
and  recurrent  species  increases ;  and  the  latter  occasionally  pass  up 

to  a  much  higher  level.  It  cannot  be  doubted  that  all  these  con- 
siderations are  of  the  highest  interest ;  and  when  the  fossils  of  Ame- 

rica have  been  carefully  compared  with  those  of  Europe,  specimen 
with  specimen,  not  figure  with  figure,  so  as  to  separate  varieties 
from  species  and  enable  the  geologist  to  avoid  the  introduction 
of  old  species  into  the  catalogue  as  new,  a  correlation  effected  on  the 

principles  adopted  by  Dr.  Bigsby  will  lead  to  a  more  correct  know- 
ledge of  this  great  section  of  the  palaeozoic  formations.  In  his 

second  paper  he  discusses  the  stratigraphy  and  classification  of  the 
whole  series  of  the  palaeozoic  rocks,  and  agrees  almost  entirely  with 

M.  De  Yerneuil,  the  modifications  proposed  by  himself  being  prin- 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  cli 

cipally  characterized  by  the  formation  of  natural  groups  in  which 
are  merged  several  of  the  sections  adopted  by  the  American  geo- 

logists, and  the  establishment  of  a  "  Middle  Silurian"  stage,  as  also 
a  similar  Middle  Devonian.  This  tripartite  classification  would  of 
course  assimilate  these  two  great  formations  to  the  Permian  and 
Triasic,  and  thus  introduce  a  certain  amount  of  harmony  in  the  system 
of  classification,  even  though  it  might  not  be  an  exactly  true  repre- 

sentation of  nature.  After  a  most  careful  lithological  and  palaeon- 
tological  description  of  the  strata,  he  deduces  some  interesting  con- 

clusions, as,  for  example,  that  all  the  strata  from  the  Potsdam  sand- 
stone to  the  summit  of  the  carboniferous  were  quietly  deposited, 

being  subjected  only  to  occasional  vertical  oscillations  and  conse- 
quent superficial  changes ;  and  that  the  elevation,  fracture,  and 

metamorphism  of  the  strata  were  subsequent  to  the  deposition  of 
the  whole,  in  one  prolonged  operation,  and  in  a  N.E.  and  S.W.  di- 

rection along  the  Appalachians,  so  well  described  by  the  Professors 
Rogers,  whose  views  Dr.  Bigsby  fully  states,  though  he  does  not 
entirely  agree  with  them. 

It  is  trusted  that  the  preceding  review  of  the  works  of  the  last 
session  will  prove  that  our  members  and  contributors  have  exhi- 

bited zeal,  energy,  and  ability  in  following  up  the  study  of  every 
branch  of  our  science ;  and  that  our  foreign  fellow-labourers  have 
been  equally  zealous  and  successful :  but,  to  the  proof  my  previous 
citations  have  afforded,  I  may  add  a  reference  to  the  last  publi- 

cations of  Yon  Hauer,  Oppel,  Jokely,  Ludwig,  Neumann,  and  many 
others,  as  being  sufficient  to  show  that  in  every  quarter  the  mate- 

rials are  collecting  which  will  hereafter  enable  the  philosophic  geo- 
logist to  describe  the  history  of  the  earth  in  all  its  physical  and 

organic  changes,  though  I  cannot  presume  to  trespass  further  on 
your  attention  by  dwelling  upon  the  works  of  these  able  authors ; 
I  must,  however,  notice  very  briefly  some  recent  observations  of 
M.  Alph.  Favre,  Professor  of  Geology  at  the  Academy  of  Geneva, 
on  that  portion  of  the  stratification  of  Savoy  which  has  so  long 
been  a  puzzle  to  the  geologist.  M.  Sismonda  and  M.  Elie  de  Beau- 

mont appear  to  have  considered  the  several  beds  of  coal  as  all 
belonging  to  one  epoch ;  and  the  first  of  these  eminent  geologists 
having  found  in  the  bed  of  coal  of  Taninge  the  impressions  of  true 

coal-plants  above,  as  he  supposed,  the  Jurassic  strata,  he  adopted  the 
bold  assumption,  that  "  in  the  Alps  the  coal-ferns  continued  to  live 
on,  whilst  deposits  were  taking  place  in  the  sea,  up  to  the  nummu- 
litic  epoch,"  to  which  therefore  he  assigned  the  coal  of  Taninge ;  and 
M.  EHe  de  Beaumont  considered  the  coal  of  the  Diablerets,  Darbon, 
Taninge,  &c.  to  be  so  far  of  the  same  age  as  to  be  all  comprised 
within  the  nummulitic  period.  M.  Favre,  on  the  contrary,  who  is 
well  known  as  one  of  the  most  active  and  successful  explorers  of 
Alpine  geology,  states  that  in  the  neighbourhood  of  Taninge,  which 
he  had  often  visited,  he  found  at  a  high  elevation  a  fine  deposit 
of  hypersthene  and  serpentine  rocks  not  before  noticed ;  that  to  the 
S.W.  of  Taninge,  on  the  summit  called  La  Yuarde,  he  collected 
very  characteristic  Liassic  fossils ;  and  that  he  traversed  in  every 

12 
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direction  the  point  of  Taninge  or  the  Dent  de  Marcely  to  the  height 
of  7000  feet. 

He  then  compared  the  coal  of  Matringe  with  the  neighbour- 
ing bed  of  Taninge,  and  found  the  fossils  of  the  lower  Lias  in  the 

massive  calcareous  deposit  over  the  Matringe  deposit  of  coal,  and 
determined  that  this  mass  is  the  same  as  that  which  covers  the 

coal  of  Taninge.  He  therefore  concludes  that  both  these  carbona- 
ceous deposits  are  covered  by  deposits  which  from  their  fossils  ought 

to  be  considered  Liassic,  and  cannot  therefore  be  considered  in  any 
respect  as  Nummulitic.  M.  de  Heer  has  examined  the  specimens  of 
fossil  plants  collected  by  M.  Favre ;  and,  though  he  differs  in  some 
respects  from  M.  A.  Brongniart  and  M.  Schimper  as  to  the  species,  he 
quite  agrees  with  them  in  considering  that  they  are  truly  Carboni- 

ferous ;  and,  on  his  part,  M.  Favre  maintains  that  the  stratification  is 
in  accordance  with  that  opinion.  To  the  north  of  Taninge  the  num- 
mulitic  formation  does  not  appear ;  but  to  the  south  it  is  found  at 
between  three  and  four  miles  from  that  town ;  and  M.  Favre  ima- 

gines that  its  occurrence  there  has  probably  led  M.  Sismonda  to  class 
the  coal  with  it,  though  in  reality  there  is  no  connexion  between 
the  two  formations.  Without  doubt,  the  obscurity  of  the  stratifi- 

cation of  the  Alps  must  always  render  it  very  difficult  to  escape  from 
error:  M.  Favre  considers,  however,  that  he  has  fully  shown  that, 
in  the  Alps,  the  more  ancient  Jurassic  strata  are  more  highly  deve- 

loped than  the  nummulitic. 
He  then  corrects  the  statement  of  II.  Elie  de  Beaumont,  by  show- 

ing that  the  coal  of  Darbon,  like  that  of  the  Cornettes  de  Bize,  be- 
longs to  the  upper  Jurassic,  being  distinguished  from  that  of  Taninge 

by  its  fossils ;  and  the  observations  of  M.  Delaharpe  and  M.  Studer 
are  in  conformity  with  his  own.  Again,  the  coal  of  the  Commune 

d'Arrache,  near  the  hamlet  of  Pernaut,  described  by  MM.  Sis- 
monda and  Elie  de  Beaumont,  really  belongs,  as  stated  by  those 

geologists,  to  the  nummulitic  formation;  and  it  is  therefore  no 

matter  of  surprise  not  to  find  in  it  coal-ferns.  The  deposits  of  the 
Diablerets  and  Entrevernes  are  of  the  same  age ;  and  as  M.  Favre 
has  noticed  eight  localities  where  this  carbonaceous  deposit  is  found, 
and  has  traced  it  from  Savoy  into  the  centre  of  Switzerland,  it  can- 

not, he  observes,  be  considered  a  very  local  deposit.  This  determi- 
nation of  three  distinct  carbonaceous  deposits  in  successive  epochs  is 

certainly  more  in  harmony  with  nature  than  the  supposition  that 
the  coal-plants  had  resisted  all  the  physical  changes  which  must 
have  elapsed  in  so  long  an  interval  as  that  between  the  Carboniferous 
and  Nummulitic  epochs  ;  and  we  may  admit  that  M.  Favre  has  not 
broken  a  lance,  to  use  his  own  words,  in  favour  of  the  value  of  fossil 
botany  as  an  indication  of  the  age  of  deposits,  in  vain. 

I  may  mention,  that  Signor  Cocchi  has  informed  me  that  he  is 
about  to  resume  his  researches  on  the  geology  of  Tuscany,  of  which 
I  took  notice  in  my  last  address,  and  has  promised  another  visit  to 
England  at  no  distant  period  to  communicate  the  results  of  his 
inquiries  into  fossil  fishes.  But  what  I  am  particularly  desirous  to 
bring  before  you  is  the  Report  on  the  Geological  Survey  of  Canada, 
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made  by  Sir  W.  Logan  to  the  Governor  of  that  colony,  Sir  Edmund 
Walker  Head.  The  report  embraces  the  labours  of  the  years  1853, 
1854, 1855,  and  1856,  and  must,  with  its  illustrative  maps,  be  con- 

sidered highly  creditable,  both  to  the  observers  themselves  and  to 
the  press  of  Toronto,  the  former  capital  of  Upper  Canada,  by  which 
it  has  been  published.  In  a  comparatively  new  country,  it  is  only 
natural  that  economic  questions  should  be  considered  the  primary 
objects  of  geological  research ;  but  it  will  doubtless  surprise  many, 
that  Sir  W.  Logan  should  have  been  required  by  the  Geological  Survey 
Act  to  ascertain  the  longitudes  and  latitudes  of  important  places, 
or,  in  fact,  to  fulfil  one  of  the  functions  of  the  Topographical  Survey ; 
and  for  this  purpose  he  has  availed  himself,  wherever  possible,  of 
the  electric  telegraph  in  order  to  exchange  and  compare  signals. 
The  Laurentine  rocks  are  described  as  gneiss  interstratified  with 
important  masses  of  crystalline  limestone,  the  gneiss  frequently  con- 

taining crystals  of  hornblende,  and  merging  into  a  syenite  which  is 
traversed  by  dykes  of  a  porphyry  analogous  to  the  melaphyr  of  the 
French ;  and  it  is  worthy  of  notice,  that  the  overlying  fossiliferous 
rocks  appear  to  have  been  sometimes  deposited  upon  worn  edges 
of  the  porphyry,  which  must  therefore  have  been  erupted  before 
their  deposition.  Sir  W.  Logan  considers  four-fifths  of  Canada  to 
stand  upon  the  unfossiliferous  rocks,  and  the  other  one-fifth  to  have 
become  the  seat  of  colonization  from  the  superiority  of  the  soil,  pro- 

duced by  the  decomposition  of  the  fossiliferous  rocks ;  he  in  like 
manner  points  out  the  natural  direction  given  to  settlement  by  a 
similar  result  produced  by  the  decomposition  of  the  crystalline 
limestone  bands.  Sir  W.  Logan  remarks,  indeed,  that  the  lime  pro- 

duced from  these  bands  is  fully  equal  for  economic  purposes  to  that 
obtained  from  the  more  earthy  limestones  j  for  constructive  purposes, 
I  may  say  better  fitted,  as  is  certainly  the  case  in  Ireland,  where 
the  beds  of  limestone  which  alternate  with  the  mica-slate  of  the 

north  yield  a  lime  much  better  suited  for  -mortar  than  the  rich  (as 
it  is  technically  called)  lime  of  the  chalk. 

Sir  W.  Logan's  first  report  is  principally  of  a  mineral  or  economical 
character,  and  he  particularly  notices  the  abundant  occurrence  of 

lime-felspar,  or  labradorite,  which  forms  a  component  of  mountain- 
masses.  When  it  is  remembered  that  this  comparatively  rare  form 
of  felspar  was  first  noticed  in  the  Island  of  St.  Paul,  on  the  coast  of 
Labrador,  and  since  by  Dr.  Bigsby  in  an  island  of  Lake.  Huron,  it 
may  be  fairly  considered  a  mineral  link  by  which  the  Laurentine 
and  Huron  groups  of  crystalline  rocks  may  be  connected  together  in 
one  great  system.  The  map  which  illustrates  this  report  shows 
that  in  the  district,  north  of  the  Ottawa,  the  Laurentine  group  is 
immediately  succeeded  by  the  Potsdam  sandstone.  The  inquiry  to 
the  westward  was  conducted  by  Mr.  Alexander  Murray,  Assistant 
Provincial  Geologist.  In  describing  the  district  between  the  Ottawa 
and  the  eastern  shore  of  Lake  Huron,  Mr.  Murray  points  out  many 
interesting  physical  facts  in  connexion  with  the  numerous  rivers 
and  lakes  of  this  remarkable  country,  in  which  the  watershed- 
lines  are  singularly  varied.     The  level  of  Lake  Huron  is  quoted  from 
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the  reports  of  the  Michigan  Surveyors  as  578  feet ;  and  the  bottom 
of  that  lake  is  doubtless,  as  I  formerly  observed,  in  many  parts 
below  the  surf ace  -level  of  the  ocean,  whilst  other  lakes  occur  at  the 
level  of  1400,  1300,  1200,  and  all  the  intervening  levels,  down  to 
Hound  Lake,  521,  or  nearly  60  feet  below  Lake  Huron,  and  Chats 
Lake,  233, — the  country  rising  to  the  north,  and  falling  eastwards 
to  the  Ottawa.  The  Laurcntine  series  of  gneiss  and  crystalline 
limestone  occurs  here  fully  developed,  and  is  overlaid  by  patches 
of  Lower  Silurian  shale ;  and  Mr.  Murray  seems,  from  the  fossils 
contained  in  some  of  the  beds,  to  have  recognized  some  portions 
of  the  series  of  four  beds  (Calciferous  sandstone,  Chazy  limestone, 
Birdseye  limestone,  Trenton  limestone)  which  follow  the  Potsdam 
sandstone.  In  further  investigations,  when  he  had  the  valuable 
assistance  of  Professor  James  Hall  of  New  York,  he  carried  the 

ancient  rocks  of  "Western  Canada  a  little  higher  up,  to  the  Trenton 
limestone  and  TJtica  slate,  or  nearly  to  the  upper  limit  of  the  Lower 
Silurian. 

Mr.  James  Richardson,  another  assistant-geologist,  conducted  the 
inquiries  more  to  the  east.  Here,  supposing  that  the  Mingan 
Islands  may  be  assumed  to  exhibit  the  lower  or  basic  member  (that 
is,  the  Laurentine  system),  Harbour  Island  the  calciferous  sandstone, 
Large  Island  the  Chazy  and  part  of  the  Birdseye  formations,  and 
the  sea-interval  to  be  occupied  by  a  succession  of  strata  about  1700 
feet  thick  (assumed  to  be  equivalent  to  the  upper  part  of  the 
Birdseye  limestone,  the  Trenton  formation,  the  Utica  slates,  and 
the  lower  portion  of  the  Hudson-River  group),  the  Anticosti  rocks 
are  formed  into  six  divisions,  of  which  the  lower  portion  is  con- 

sidered by  Mr.  Billings  to  belong  to  the  Hudson-River  group,  the 
middle  as  merging  into  the  Clinton,  and  being  more  in  conformity 

stratigraphically  with  the  Oneida  conglomerate  and  Medina  sand- 
stones, that  is,  distinctly  transitional  or  Middle  Silurian,  Mr.  Billings 

having  adopted  that  term  in  anticipation  of  Dr.  Bigsby.  The  upper 
section  passes  into  the  Upper  Silurian ;  so  that  the  whole  series  is 
here  exhibited  in  a  very  moderate  space.  Mr.  Billings  has  given 

lists  of  the  fossils  found  in  all  these  beds ;  and  Dr.  Bigsby's  paper 
will  be  of  great  use  in  comparing  them  with  the  lists  given  by  the 
United  States  geologists.  The  geological  reports  are  concluded  by 
a  description  of  many  new  Canadian  fossils  by  Mr.  Billings,  in  which 
the  great  number  of  new  species  of  Crinoicls,  of  Cystidese,  and  of 
Asteriadae  is  very  remarkable.  A  new  species  is  added  to  the  genus 
Bronteus  or  Brontes  of  Goldfuss,  as  also  one  to  the  genus  Triarthrus 
of  Greene ;  and  I  may  add,  that  here,  as  everywhere,  the  Calymene 
Blumenbacliii  appears  to  link  together  all  the  members  of  the  Si- 

lurian, and,  in  my  opinion,  did  it  stand  alone,  would  prove  their 

identity  as  parts  of  one  great  natural-history  system*.  The  final 
reports  are  chemical  and  mineralogical,  by  Mr.  Hunt,  the  Chemist 
and  Mineralogist  of  the  Canadian  Geological  Survey. 

In  the  United  States  there  has  been  no  cessation  of  that  activity 

*  As  yet  no  figures  of  these  fossils  have  been  published. 
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which  for  many  years  has  distinguished  the  State  and  other  geologists. 
The  Geological  Map  of  Pennsylvania  has  been  finished  in  spite  of 
many  difficulties  and  the  partial  cessation  of  Government  aid,  by  the 
two  brothers  Rogers,  and  was  exhibited  by  Professor  H.  D.  Rogers 
at  the  late  Meeting  of  the  British  Association  in  Dublin.  The  rich 
fossiliferous  deposits  of  Nebraska,  which  some  years  ago  excited 
so  much  interest,  from  the  numerous  mammalian  remains  collected 

and  afterwards  described  by  Professor  Leidy,  have  been  again  dili- 
gently investigated  by  Mr.  P.  B.  Meek  and  Dr.  P.  V.  Hayden.  The 

attention  of  these  able  observers  was  first  drawn  to  this  region  by 
Professor  Hall,  and  they  have  been  very  successful  in  their  re- 

searches. Their  great  object  was  to  determine  a  parallelism  of  the 
Cretaceous  formation  of  Nebraska  with  that  of  other  portions  of  the 

United  States'  territory,  and  also  to  determine  the  true  position  of 
the  Tertiary  formations. 

By  the  map  which  accompanies  the  account  of  their  labours,  it 
appears  that  on  the  S.E.  corner  of  the  Nebraska  district  Carboniferous 
rocks  appear,  that  they  are  succeeded  by  the  Cretaceous,  and  finally 
by  the  Tertiary  deposits.  Many  new  fossils  are  described,  but  as 
they  are  not  figured,  and  are  to  appear  in  a  report  to  be  published 
by  Dr.  Warren,  I  shall  merely  state  the  general  conclusions  at  which 
Dr.  Hayden  and  Mr.  Meek  have  arrived  from  the  affirmative  evi- 

dence of  the  fossils  present,  as  well  as  the  negative  evidence  of  the 
fossils  absent. 

Prom  the  marked  typical  difference  between  the  organic  remains 
of  the  principal  fossiliferous  Cretaceous  deposits  of  the  south-west 
and  those  of  the  Upper  Cretaceous  beds  of  Nebraska,  Alabama,  and 
New  Jersey,  differences  which  cannot  be  wholly  explained  by  local 
peculiarities,  whether  zoological  or  physical,  the  authors  conclude 
that  they  belonged  to  different  geological  horizons,  or,  in  other 
words,  lived  during  different  epochs. 

The  formations  in  New  Jersey  and  Alabama  are  on  a  parallel  with 
the  upper  and  lower  members  of  the  Nebraska  section,  whilst  those 
of  Kansas,  Arkansas,  Texas,  and  New  Mexico  are  on  a  parallel  with 
the  middle  and  lower  portions.  The  Nebraska  section,  therefore, 
exhibits  the  fullest  development  of  the  Cretaceous  formation  in  the 
United  States. 

In  the  Tertiary,  Mr.  Meek  and  Dr.  Hayden  come  to  the  conclu- 
sion that  the  mammalian  fossils  formerly  ascribed  to  the  Eocene 

must  be  transferred  to  the  Miocene ;  and  there  is  no  evidence  of  the 

existence  of  any  Tertiary  deposit  in  Nebraska  older  than  that  for- 
mation. I  regret  that  I  cannot  devote  more  space  to  the  works  of 

these  indefatigable  observers,  who  have  already  made  known  to  us 
the  existence  of  a  Permian  deposit,  in  addition  to  the  present  and 
other  works  of  geological  interest. 

Referring  now  to  another  region  of  the  world,  I  may  observe 
that  I  have  heard  from  our  fellow-member  Mr.  Oldham  on  his 
voyage  back  to  India,  and  that  he  expresses  himself  with  enthusiasm 
as  to  his  hopes  of  future  success,  and  his  full  confidence  in  the 
arrangements  and  the  support  of  the  East  India  Company.     I  have 
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been  favoured  by  the  Directors  of  that  body  with  the  perusal  of 
many  of  the  geological  papers  published  under  their  auspices  ;  and  I 
can  confidently  state  that  a  judicious  selection  from  the  work  per- 

formed, which  the  recent  institution  of  an  establishment  similar  to 
our  Museum  of  Practical  Geology  will  hereafter  secure,  was  alone 
wanting :  and  I  cannot  but  therefore  express  a  hope  that,  should 
the  changes  which  are  now  the  subject  of  public  conversation  and 
discussion  be  carried  out,  care  may  be  taken  that  the  interests  of 
geological  and  other  sciences  will  not  be  overlooked,  but  that  the 
example  of  activity  and  judicious  management  which  the  Direct- 

ors are  now  exhibiting  in  that  direction  may  be  followed  by  their 
successors*. 

Many  of  the  reciprocal  connections  of  the  several  branches  of  the 
science  are  discussed  in  an  able  Report  on  the  prize  for  physical  sciences 

for  1856,  by  MM.  Elie  de  Beaumont,  Fleurens,  Is.  Geoffrey  Saint- 
Hilaire,  Milne-Edwards,  and  Ad.  Brongniart,  in  which  the  general 
views  of  palseontological  science,  as  nowgenerally  entertained,  are  well 
explained,  as  well  as  the  connexion  which  must  exist  between  the 
organic  and  physical  changes  in  order  to  produce  one  uniform  and 

harmonious  system.  For  example,  "the  study  of  mountainous 
countries  has  shown  that  the  presence  of  fossil  bodies  on  the  most 

elevated  points  may  be  explained  by  the  elevation  of  those  moun- 
tains, in  a  more  simple  manner  than  by  the  depression  of  the 

waters  of  the  sea  :  and  hence  has  arisen  the  theory  of  the  successive 
lifting  up  of  mountains,  which  owes  to  M.  Elie  de  Beaumont  its 
principal  development,  but  which,  whilst  it  determines,  with  the 
contained  fossils,  the  successive  epochs  of  formation,  does  not  ex- 

plain the  mode  of  creation,  which  still  is,  and  probably  must  ever 
remain,  a  mystery.  The  treatise  presented  for  the  prize  was  one  by 
the  well-known  Bronn,  who,  aided  by  his  long  experience,  and  taking 
advantage  of  the  published  labours  of  other  eminent  palaeontologists, 
submitted  classified  lists  of  about  30,000  species  of  animal  and  vege- 

table fossils,  distributed  amongst  25  or  30  distinct  epochs  of  creation. 
This  expression  naturally  leads  to  the  discussion  of  the  theoretical 
views  connected  with  it,  or  those  views  which  are  taken  of  the  fact 
(which  cannot  be  disputed),  that  at  successive  epochs  lived  distinct 
and  successive  forms  of  organized  creatures.  The  mode,  however,  in 
which  the  changes  of  organic  beings  have  been  effected  is  a  subject 

of  fair  speculation."  Nor  can  any  discussion  do  harm  so  long  as 
disputants  will  remember  that  they  are  only  dealing  with  a  question 
of  probability,  not  one  of  mathematical  accuracy.  Of  the  two  great 
modes  of  accounting  for  the  successive  changes  in  the  fauna  of  the 
world,  advocated  by  those  who  maintain  the  invariability  of  species, 
the  one  advocated  by  Agassiz  is,  that  all  the  organic  bodies  which 
existed  on  the  earth  at  any  one  epoeh  were  simultaneously  destroyed, 
and  replaced  by  a  totally  different  group.  The  other,  advocated  by 
Bronn,  is  that  only  a  part  of  the  population  of  the  earth,  varying  in 

*  These  changes  have  been  carried  into  effect ;  but  geologists  will  feel  at  ease 
when  they  observe  that  Sir  Proby  Cautley  has  been  appointed  a  member  of  the 
New  Council  of  India. 
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magnitude  at  different  times,  was  destroyed  at  any  one  epoch  and 
replaced  by  a  new  group,  whilst  another  portion  continued  to  live 
on  in  combination  with  the  newly- created  forms.  The  French  Aca- 

demicians express  themselves  adherents  of  this  view  of  the  case,  as 
well  as  of  the  further  opinion,  that  the  number  of  species  destroyed 
always  exceeds  the  number  of  those  preserved.  As  a  preliminary, 
the  authors  of  the  report  reason  against  the  theory  of  development, 
admitting,  however,  that  they  do  not  mean  to  oppose  those  variations 
in  a  species  which  might  be  fairly  attributed  to  variations  in  the  phy- 

sical conditions  (such  even  as  man  has  effected  on  domestic  animals), 
but  those  greater  changes  which  were  once  supposed  capable  of  pro- 

ducing, from  one  set  of  genera,  others  widely  distinct  in  character  and 
magnitude.  But  this  reference  to  the  opinions  of  Lamarck  seems 
scarcely  necessary  at  the  present  day,  whilst  it  cannot  be  admitted 
by  the  philosopher,  that  there  is  any  greater  simplicity,  as  a  mode  of 
action,  in  destroying  one  set  of  organized  beings  and  creating  another 
in  many  respects  closely  allied  to  their  predecessors,  than  in  endow- 

ing all  created  organisms  with  a  susceptibility  of  change  under  the 
varying  influences  of  the  several  physical  conditions  to  which  they 
may  be  exposed.  At  any  rate,  let  us  not  argue  such  a  question  by 
appealing  to  extravagant  examples,  but  let  us  keep  within  the  bounds 
of  reasonable  cause  and  effect — such,  indeed,  as  our  authors  have 
admitted  in  respect  to  the  variations  of  existing  species.  One  great 
truth  is  admitted  by  the  French  academicians,  namely,  that  the 
history  of  the  ancient  world  is  still  incomplete ;  and  well  may  this 
be  asserted,  when  it  is  remembered  that  three-fourths  of  the  surface 
of  the  globe  are  covered  by  water,  and  that,  whilst  large  portions  of 
the  sea-bottom  and  of  the  marginal  sea-zone  of  ancient  epochs  have 
been  rendered  manifest  by  fossil  remains,  the  portions  of  dry  land 
made  known  to  us  are  comparatively  small.  Why,  then,  should  we 
assume  that  every  newly-discovered  genus  or  species  is  a  new  crea- 

tion, and  not  a  colony  (according  to  Barrande's  view)  from  some 
other  region,  still  submerged  and  therefore  unknown  to  us  ?  It  is 
manifest  that  such  a  question  cannot  be  answered  until  the  whole 
field  of  ancient  fossil  history  has  been  worked  out.  And,  further, 
who  can  tell  how  creation  was  effected  ?  but  if  by  an  act  imposing 
laws  upon  matter,  and  calling  into  existence  organisms  subject  to 
the  controlling  and  modifying  action  of  physical  circumstances,  why 
should  not  an  alteration  in  these  circumstances  produce  the  same 
change  in  a  created  being,  as  they  would  work  on  the  creations  newly 
called  into  existence  ?  Such  a  result  would  be  more  in  harmony 
with  the  notion  of  creative  intelligence,  than  that  new  species  or 
new  genera  should  be  created  by  the  same  intelligence  so  nearly 
alike  those  destroyed  as  to  require  the  utmost  skill  of  the  naturalist 
to  distinguish  one  from  the  other.  I  cannot,  at  least,  but  think 
that  we  are  very  far  still  from  the  solution  of  the  mysteries  of 
creation,  and  that  we  are  too  prone  to  separate  portions  of  the  same 
true  organic  whole  from  each  other,  losing  sight  of  the  unity  and 
harmony  of  creation  whilst  seeking  to  use  the  relics  of  past  ages 
in  geological  classification. 
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Having  in  my  last  address  endeavoured  to  give  a  correct  repre- 

sentation of  the  amount  and  success  of  the  labours  of  the  many- 
eminent  men  engaged  under  Sir  Roderick  Murchison  in  the  National 
Geological  Survey  of  Great  Britain  and  Ireland,  I  shall  not  now  go 

over  the  same  ground  further  than  to  state,  that  Mr.  "W.  Baily  has been  attached  to  the  Irish  section  of  the  work,  and  will,  under  the 

able  superintendence  of  Mr.  Jukes,  be  soon  able  to  place  the  palaeon- 
tology of  Ireland  on  an  equal  footing  with  that  of  Great  Britain :  I 

trust  he  will  be  appointed  palaeontologist  to  Ireland,  and  have  the 
means  afforded  him  to  emulate  the  bright  example,  and  to  secure 
the  well-merited  honours,  of  the  English  palaeontologist,  Mr.  Salter. 

Let  me  now  close  my  address  with  a  few  general  remarks,  sum- 
ming up,  as  it  were,  the  views  I  have  already  expressed ;  maintaining 

as  I  do,  that  in  all  branches  of  geological  inquiry  there  are  still  many 
important  links  of  evidence  deficient.  At  the  same  time  let  me  add 
that  I  consider  we  are  on  the  right  way  now  to  get  over  all  diffi- 

culties, provided  we  continue  to  adhere  to  the  true  principles  of 
inductive  science,  and  abandon  the  common  custom  of  rushing  wildly 
to  conclusions  upon  the  most  vague  and  insufficient  data.  The  Rev. 
Baden  Powell  says,  in  respect  to  the  bearing  of  scientific  progress 

on  theological  reasoning — "  The  unparalleled  advances  in  physical 
science  which  characterize  the  present  age  alone  suffice  to  stamp  a 
totally  different  character  on  the  spirit  of  all  its  deductions ;  and 
they  now  are,  and  will  be  to  a  far  greater  extent,  influential  on  the 
tone  of  theology.  It  is  now  perceived  by  all  inquiring  minds,  that 
the  advance  of  true  scientific  principles,  and  the  grand  inductive  con- 

clusions of  universal  law  and  order,  are  at  once  the  basis  of  all  ra- 

tional theology,  and  give  the  death-blow  to  superstition."  And  in 
like  manner,  that  every  true  advance  in  science  has  a  direct  tendency 
to  make  men  more  scrupulous  and  careful  in  drawing  deductions 
from  facts  observed. 

The  actual  condition  of  the  earth's  crust ;  the  order  and  manner 
in  which  the  various  changes  from  its  primaeval  condition  have  been 
effected ;  the  real  nature  of  metamorphism,  the  means  by  which  it 
has  been  effected,  the  original  and  the  ultimate  condition  of  the  rocks 

acted  upon  ;  the  nature  of  creation,  the  mode  of  progression  and  di- 
stribution of  organic  bodies, — are  all  subjects  which  men  now  think 

it  necessary  to  examine  patiently  and  systematically,  neither  jumping 
rashly  at  conclusions,  nor  flippantly  sneering  at  those  who  see  the 
same  objects  in  a  totally  different  light.  We  have  every  reason, 
indeed,  to  expect  to  obtain  great  results,  because  we  are  at  last  de- 

termined to  follow  after  truth,  whatever  may  be  the  path  she  takes, 
or  the  aspect  she  assumes. 

It  is  this  general  recognition  of  the  authority  of  truth  which  has 
enabled  men  of  science  to  reason  fearlessly  on  many  subjects  which 
were  considered,  not  very  many  years  since,  proscribed  from  inquiry, 
and  expected  to  be  received  and  admitted  without  hesitation  and  with- 

out question  :  the  mode  of  creation  was  one  of  these,  as  it  was  laid 
down  as  a  rule  that  the  Mosaic  account  was  not  only  in  spirit  but  in 
letter  inspired,  and  that  human  discoveries  were  only  illusions  when 
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apparently  in  opposition  to  it.  As  ably  pointed  out  by  Professor 
Powell,  the  evil  was  only  increased  by  those  who  endeavoured  to 
escape  from  the  difficulty  by  putting  a  constructive  meaning  upon 
the  words,  quite  opposite  to  their  literal  sense,  and  then  to  adjust 
their  theories  to  this  new  meaning.  How  different  would  have  been 
the  result,  and  how  much  bickering  would  have  been  avoided,  had 
men  attended  only  to  the  subject  before  them,  and  studied  Geology 
for  itself  alone,  and  not  as  a  supposed  corroboration  of  statements, 

in  what  could  never  be  considered  a  lesson  in  science  !  "Well  indeed 
may  Mr.  Powell  maintain  that  proofs  of  inspiration  ought  only  to  be 
looked  for  in  those  manifestations  of  divine  wisdom  which  are  to  be 

found  in  the  precepts  set  forth  for  the  moral  government  of  men :  to 
expect  proofs  of  inspiration  in  other  topics  irrelevant  to  the  main 
object  of  prophesying,  would  result  only  in  fastening  upon  divine  wis- 

dom the  ignorance  and  folly  of  erring  man.  I  say  this  preparatory 
to  making  a  few  brief  observations  on  the  recent  work  of  Mr.  Gosse, 

entitled  "  Omphalos,  or  an  attempt  to  untie  the  Geological  Knot." 
Now,  the  geological  knot  appears  to  me  to  be  the  difficulty  of  ex- 

plaining by  what  causes,  and  in  what  order,  have  been  produced  the 
various  physical  and  organic  phenomena  observed  in  a  study  of  the 

earth's  crust,  not  in  explaining  the  Mosaic  account  of  Creation.  Mr. 
Gosse  thinks  differently,  and  imagines  that  he  has  discovered  a  new 
law  by  which  the  observed  facts  of  Geology  can  be  put  in  harmony 
with  the  account  of  creation,  or,  in  other  words,  that  everything 
connected  with  the  creation  of  organic  life  has  been  the  work  of 
the  first  six  days.  This  is  a  bold  assumption,  and  it  must  be  ad- 

mitted that  Mr.  Gosse  has  shown  considerable  ingenuity  in  the 
invention  of  very  convenient  terms,  which  serve  instead  of  argu- 

ments ;  for  to  those  who,  adopting  his  theory,  are  not  possessed  of  his 
ability,  the  words  prochronism  and  prochronic  must  be  of  immea- 

surable advantage.  But  let  us  inquire  into  the  nature  of  his  argu- 
ment. First,  then,  he  represents  the  course  of  life  as  circular  or 

cyclical ;  but,  although  such  a  course  is  real  in  respect  to  many  mo- 
tions, such  as  that  of  the  earth  round  the  sun,  the  horse  moving  in 

a  mill,  and  many  others  where  the  motion  is  necessarily,  in  accord- 
ance with  the  laws  of  motion,  either  in  a  circular  or  in  some  other 

re-entering  curve  (unless,  indeed,  we  may  suppose  the  comets  some- 
times to  go  beyond  the  limits  of  attraction,  and  be  finally  lost 

Line  of  Birth  and     B 
Maturity. 

Line  of  Death-      _   _L«     L»   IS     \  H   t_»..\ 

in  interminable  space),  in  organic  life  it  cannot  be  said  that  the 
true  representation  is  a  re-entering  circular  or  other  curve,  as  death 
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cannot  be  said  to  be  the  beginning  of  life.  The  true  representa- 
tion of  life  is  rather  a  succession  of  open,  or,  as  I  may  call  them, 

eccentric  cometary  curves,  one  springing  out  of  the  other,  as  life 
begins,  not  where  life  ends,  but  where  it  is  in  highest  vigour. 

The  plant  and  the  animal,  even,  continue  to  live  long  after  the 
new  plant  or  the  new  animal  has  commenced  its  course  of  life. 

This,  however,  does  not  affect  Mr.  Gosse's  argument,  if  we  assume 
that  the  inquiry  is  limited  to  a  part  only  of  the  curve  extending 
from  birth  to  maturity j  for  if  creation  were  supposed  to  commence  at 
old  age,  it  would  pass  below  the  curve,  and  would  then  cease.  The 
physiologist,  then,  having  observed  that  there  is  a  certain  course 
of  operations,  of  changes,  of  modifications,  or  of  additions,  called 
growth,  in  the  passage  from  a  seed  to  a  tree,  or  from  an  ovum  to  a 
full-grown  animal,  most  of  which  leave  marks  of  their  occurrence 
behind  them, — is  able  to  deduce,  in  the  spirit  of  inductive  reasoning, 
the  age,  or  rather  the  epoch  of  existence  from  the  visible  marks  of 
growth  he  finds  upon  the  plant  or  animal ;  boldly  therefore  he  says, 
This  plant,  or  this  animal,  was  20  or  30  or  more  years  old.  But  Mr. 
Gosse  assumes  that  he  has  been  deceived,  because  he  knew  not  that 
this  plant  or  animal  had  been  created  only  that  very  morning,  and  was 
also  ignorant  of  the  great  law  of  prochronic  existence,  which  means 
(adopting  some  more  tangible  explanation  than  that  of  ideal  existence) 
that,  whilst  the  Creator  was  bringing  into  existence  the  plant  or  animal 
at  any  point  of  the  supposed  cyclical  curve,  the  image  of  all  the  stages 
through  which  all  future  animals  should  pass  flitted  across  His  mind, 
and  were  incorporated  in  the  new  creation  as  a  prophetic  indication 
of  what  would  take  place  hereafter.  It  is  evident,  however,  that 

Mr.  Gosse  confounds  two  different  things  in  this  idea — namely,  the 
laws  which  regulated  creation,  and  the  laws  which  regulated  the 
progression  and  continuance  of  life.  Plants  and  animals,  for  example, 
might  have  been  created,  as  a  statuary  forms  a  statue,  not  to  grow, 
but  to  continue  permanently  in  one  state  of  existence  ;  but  when 
the  work  of  creation  had  ended,  the  laws  of  life  were  imposed ;  so 

that  it  is  by  no  means  necessary  that  the  newly- created  plant  or 
animal  should  exhibit  the  workings  of  laws  only  required  to  bring 
up  future  organisms,  by  gradual  steps,  to  the  same  condition  which  had 
been  arrived  at  instantaneously  by  Divine  will.  Neither  Mr.  Gosse, 
nor  any  one  else,  has  ever  had  a  glimpse  or  a  revelation  of  the 
modus  operandi  of  creation,  except  in  the  one  instance  of  the  creation 
of  Man,  which  affords  no  support  to  the  prochronic  theory,  and 

cannot  therefore  be  justified  in  assuming  that  it  afforded  an  antici- 
pation of  what  would  be  the  product  of  growth.  Indeed,  it  may 

be  well  to  remind  Mr.  Gosse  that,  whilst  he  is  apparently  endea- 
vouring to  conform  to  the  literal  words  of  Scripture,  he  is  seriously 

departing  from  the  account  there  given  of  the  first  formation  of  man, 
which  represents  the  created  thing  as  without  life,  an  inanimate 
thing,  until  the  breath  of  life  had  been  breathed  into  his  nostrils  ; 
so  that  blood,  and  everything,  whether  fluid  or  solid,  connected  with 
organic  life,  were  either  created  or  adapted  to  the  purposes  of  the  new 
animal — not  found  existing,  partly  in  perfect  condition  and  partly 
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effete  or  excremental,  as  tif  it  had  previously  existed,  though  that 
existence  was  ideal. 

Admitting  then  the  ingenuity  of  Mr.  Gosse's  reasoning  so  far  as  he 
restricts  himself  to  animals  or  plants,  the  structure,  functions,  and 
growth  of  which  are  experimentally  known,  and  even  admitting 
that  a  work  which  accumulates  so  many  interesting  examples  may 
have  its  value  in  exciting  a  taste  for  natural  history,  I  regret 
that  he  should  have  thought  it  necessary  to  assist  geologists  over 
a  difficulty  which  to  them  has  no  existence.     For  this  purpose  he 
hints  (for  he  cannot  affirm)  that  it  is  possible  that  the  inorganic 
world  may  also  be  subjected  to  a  cyclical  course,   and  that  the 

"  prochronic  "  law  may  be  recognized  even  in  the  earth's  strata.    The 
meaning  of  this  must  be,  that  what  appears  to  the  geologist,  reason- 

ing from  the  analogy  of  recent  causes  and  effects,  a  series  of  success- 
ively deposited  beds  characterized  by  the  relies  of  the  organic  life 

associated  with  each,  was  in  fact  a  single  creation,  and  that  the 
several  layers  were  so  created  rather  than  in  one  simple  mass,  in  order 
to  typify  the  future  formation,  by  the  ordinary  processes  of  nature,  of 
other  masses — masses  which  may  therefore  be  studied  hereafter  by 
the  relics  of  other  generations  of  organic  beings  with  accuracy  and 
reason,  although  all  our  present  studies  are  mere  delusions.    The  ex- 

tension of  the  same  reasoning  to  the  fossils,  and  the  supposition  that 
they  may  typify  some  future  state  into  which  existing  animals  may 
be  intended  to  pass  as  the  cycle  proceeds,  is  manifestly  in  opposition 
to  the  very  explanation  suggested  rather  than  given  of  Prochronism: 
for  assuredly  fossil  bones  and  fossil  teeth,  or  fossil  plants,  cannot  be 
considered  ideal ;  and  although  the  author  repudiates  the  old  notion 
of  lusus  Naturce,  it  is  difficult  to  conceive  what  better  notion  could 
be  formed  of  the  numerous  organic  relics  which  are  every  day  being 
discovered,  if  they  are  not  admitted  to  have  been  once  living  orga- 

nisms rather  than  mere  idealities.     I  do  not  dwell  on  Mr.  Gosse's 
effort  to  explain  away  the  astronomical  fact  of  the  vast  space  of  time 
which  must  have  elapsed  before  the  Mosaic  record  of  the  creation  of 
man  as  proved  by  the  long  period  required  for  the  passage  of  light, 
before  some  of  the  fixed  stars  could  have  become  visible  to  man, 
namely,  that  the  undulation  might  have  commenced  at  the  eye,  and 
proceeded  to  the  star,  rather  than  at  the  star,  and  proceeded  to  the 
eye ;  leaving  it  to  astronomers  to  notice,  should  they  think  it  deserving 
of  their  attention.    I  should  not  have  dwelt  so  long  on  this  work,  had 
I  not  heard  an  able  geologist  and  scientific  man  declare  that  he 
thought  the  argument  indisputable ;  and  therefore  I  presume  that 
he  considered  the  opinions  of  all  living  geologists  fallacious,  founded 
on  their  mistaking  ideal  creations,  both  organic  and  inorganic,  for 
real  bona  fide  plants,  animals,  vestiges  of  marine,  lacustrine,  and 
fluviatile  organisms,  deposits  of  deep  seas,  volcanic  ashes  and  lavas 
of  all  ages.     Let  us  hope  at  least  that  no  one  will  again  endeavour 
to  solve  the  supposed  geological  knot,  but  allow  geologists  to  study 
and  understand  nature  as  they  find  her. 

Another  matter  which  has  much  engaged  attention  lately,  is  the 
degree  of  ̂ antiquity  of  man,  as  also  the  question  whether  man  was 
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created  unlike  other  animals,  as  one  species  only,  or  was  created  in 
numerous  species  adapted  to  the  physical  conditions  of  various  local- 

ities, such  as  we  now  find  them.  The  latter  question  is  intimately 
connected  with  the  first ;  for  if  we  once  satisfy  ourselves  that  the 
races  of  men  found  in  portions  of  the  earth,  which  during  the  historic 
period  could  have  had  no  possible  connexion  with  the  seat  of  the 
leading  race  of  men,  must  have  been  independent  creations,  there  is 
no  absurdity  in  considering  that  they  are  remains  of  the  organic 

human  inhabitants  of  some  earlier  stage  in  the  earth's  progressive 
change.  However,  independent  of  any  such  speculation,  M.  Agassiz  has 
adduced  strong  reasons  for  admitting  an  original  plurality  of  human 

species,  in  his  contribution  to  the  work  of  Nott  and  Gliddon  on  "  the 
indigenous  races  of  the  earth;"  and  after  advocating  the  judicious 
principle,  "  that  in  the  study  of  the  races  of  man  much  light  might 
be  derived  from  a  careful  comparison  of  their  peculiar  characteristics 

with  those  of  [the  lower]  animals,"  he  selects  the  monkeys  as  being 
most  nearly  allied  to  man,  and  points  out  the  differences  of  opinion 
which  have  existed  amongst  the  most  able  naturalists  as  to  the  unity 

or  diversity  of  species  in  some  of  the  tribe — as,  for  example,  in  the 
orang-outans,  those  of  Borneo,  Java,  and  Sumatra  being  considered 
by  some  eminent  naturalists  such  as  Wagner  as  constituting  only  one 
species,  whereas  others,  as  Professor  Owen  and  the  American  natu- 

ralist Jeffreys  Wyman,  consider  them  as  constituting  three  distinct 

species. 
The  singular  manner  in  which  particular  races  are  localized  within 

narrow  limits,  as  if  specially  adapted  to  them,  is  compared  with  the 
similar  adaptation  of  the  races  of  men  to  special  localities ;  and  it  is 
urged  that  there  is  equal  reason  to  consider  that  man  has,  like  the 
monkey  tribe,  been  originally  created  in  varieties  or  in  species,  fitted 
for  the  regions  to  which  they  were  to  be  attached.  The  philological 
argument  for  the  unity  of  man  is  also  discussed  on  the  same  principle 
of  comparison  with  animals,  in  which  a  similarity  of  language,  as  it 
may  be  called,  may  be  traced  over  the  whole  world  amongst  animals 
or  birds  of  the  same  families. 

These  are  not  flattering,  but  they  are  philosophical  views  of  the 
subject ;  and  I  dwell  upon  them,  not  with  the  desire  of  enforcing 
any  opinion  against  the  conviction  of  conscientious  men  of  any  creed 
or  doctrine,  but  simply  for  the  purpose  of  claiming  for  geologists  the 
right  of  studying  the  works  of  nature  on  scientific  principles  alone. 
Even  then  we  must  be  often  obliged  to  modify  our  opinions,  and  to 
give  up  our  most  cherished  theories ;  for  it  must  be  recollected  that 
our  science  is  even  yet  in  a  course  of  growth,  and  that  the  light  of  each 
new  day  may  enable  us  to  discover  new  facts  and  to  correct  old  errors, 
just  as  the  increasing  power  of  the  telescope  enables  the  astronomer 
to  penetrate  into  stellar  spaces  before  veiled  from  his  vision.  In  truth, 
the  age  of  blind  belief  has  passed  from  geology,  and  everything  is  now 
brought  to  the  test  of  rigid  examination :  for  example,  how  long 
have  we  now  admitted  as  a  demonstrated  truth,  though  at  first  not 
an  undisputed  one,  that  the  heat  of  springs,  &c,  was  due  to  the 
communication  to  them  of  internal  heat,  proceeding  from  the  still 
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heated  nucleus  of  the  earth  !  and  yet,  as  I  have  before  stated,  our 
able  member  and  former  President,  Mr.  Hopkins,  has,  from  a  com- 

parison of  the  conductibility  for  heat  of  various  mineral  substances, 
shown  that  the  heat  observed  does  not  vary  in  proportion  to  these 
conductibilities,  and  hence  that  we  may  perhaps  have  to  abandon 
this  favourite  theory,  and  seek  for  some  other  explanation  of  a  positive 
and  well-known  fact. 

Such  advances  in  knowledge  ought  not,  however,  to  distress  us ;  but 
on  the  contrary  we  ought  to  feel  that,  however  charming  any  cherished 
fancy  may  be,  the  discovery  of  truth  is  to  a  rational  being  far  more 
so.  A  fairy  tale  may  gratify  and  amuse  the  child ;  but  the  man  can 
only  find  instruction  and  enjoyment  in  the  pages  of  true  history. 

Having  now  completed  my  allotted  duties  as  your  President,  I 
relinquish  your  chair  with  a  full  confidence  that  you  have  elected  as 
my  successor  the  very  best  person  who  could  have  been  found  in  any 
country  for  filling  such  an  offi.ee.  I  have  indeed  pointed  out  how  wide 
the  range  of  geological  science  has  now  become  ;  and  I  know  that 
in  Professor  Phillips  you  have  obtained  a  President  fully  able  to 
master  the  subject,  however  extensive  and  however  difficult.  I 
undertook  the  task  myself  with  doubt  and  hesitation  ;  but  such  has 
been  the  kindness  and  support  I  have  experienced  from  all  the 
members,  and  from  none  more  than  our  most  able  Assistant-Secretary, 
Mr.  Jones,  that  the  office  I  undertook  almost  with  alarm  has  been  to 
me  a  source  of  unalloyed  pleasure,  and  will  be  ever  remembered  with 
gratification  and  with  pride. 
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Introduction.  Limestone-breccia. 

I.  Character  and  sequence  of  the  Lias-  Igneous  rocks — syenite  and  trap- 
sic  beds  of  Strath.  dykes. 

II.  Geological  structure  of  the  Strath  Metamorphism. 
Valley.  Faults. 
Coast-sections.  Conclusion. 
Interior. 

Introduction. — The  first  notice  of  the  district  described  in  the 

present  paper  was  that  published  in  1800  by  the  late  Professor 

Jameson  in  his  *  Mineralogy  of  the  Scottish  Isles.'  It  is  exceedingly 
meagre,  having  been  compiled  from  the  notes  of  a  brief  excursion  in 
bad  weather,  and  contains  only  a  list  of  minerals  found  in  the  ascent 
of  Beinn  na  Cailleaich,  with  the  mention  of  numerous  basalt-veins 

*  See  vol.  xiii.  pp.  360  et  seq. 
f  The  Sections  figured  on  this  Plate  have  been  selected  from  the  series  of 

sketches  communicated  by  the  author  as  illustrative  of  the  Geology  of  Strath, 

and  now  in  the  Society's  Library.  The  un figured  Sections  will  be  referred  to  in 
the  paper. 
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that  traverse  the  limestone  in  every  direction*.  Eighteen  years 
later  Dr.  Macculloch  published  his  'Description  of  the  Western 
Islands,'  wherein  he  pointed  out  the  existence  in  Skye  of  secondary 
strata — the  equivalents  of  the  lias  and  oolite  of  England,  extending 
in  broken  and  irregular  series  up  to  what  has  since  been  determined 
to  be  the  equivalent  of  the  Oxford  Clayf.  He  also  described  with 
considerable  minuteness  some  of  the  more  remarkable  features  in  the 

geology  of  Strath.  Yet  of  the  structure  of  the  district  he  seems  to 
have  had  but  a  vague  general  idea — not  a  few  of  its  most  important 
features  having  escaped  his  notice,  while  of  some  of  the  facts  which 
he  mentions  he  has  failed  to  perceive  the  true  bearing.  I  shall  even 
have  occasion  to  show  that,  notwithstanding  the  minuteness  of  his 
description,  he  can  only  have  examined  a  limited  portion  of  the  di- 

strict, and  that  too  but  superficially. 
Several  years  later  Sir  Roderick  Murchison  examined  the  eastern 

coast-line  of  Skye,  and,  from  a  comparison  of  fossils,  ascertained  the 
existence  and  limits  of  strata  belonging  to  the  lias,  and  the  lower 
and  middle  oolite  %  ;  and  I  am  not  aware  that,  since  the  date  of  this 

paper,  any  further  observations  have  been  made  upon  the  south- 
eastern part  of  the  island. 

That  portion  of  Skye  of  which  I  offer  a  description  to  the  Society 
comprises  nearly  the  whole  of  the  parish  of  Strath.  It  may  be  re- 

garded as  an  irregular  belt  from  three  to  six  miles  in  breadth,  extend- 
ing from  sea  to  sea  where  the  island  narrows  most.  Its  physical 

features  are  those  of  a  wide  undulating  valley  between  two  elevated 

ranges — the  red  sandstone  and  gneiss  hills  of  Sleat  to  the  south,  and 
the  syenitic  mountains  of  Beinn  na  Cailleaich  and  Beinn  Dhearg  to 

the  north.  This  district — embracing  an  area  of  nearly  thirty  square 
miles — includes  the  largest  development  of  the  lias  in  Scotland ;  and, 
indeed,  as  that  formation  in  its  lower  and  middle  divisions  reaches 
here  a  thickness  of  not  less  than  1500  feet,  it  may  be  regarded  as  no 
unfair  representative  of  that  of  England.  The  geological  structure 

of  Strath — so  intricate  and  confused — gives  to  these  liassic  beds  an 
additional  and  peculiar  interest.  Along  the  shores  the  strata  form 
low  reefs  and  skerries,  brown  with  algae,  and  extend  in  regular  se- 

quence throughout  their  series.  Yet  no  sooner  do  they  strike  into 
the  interior  than,  in  many  localities,  all  seems  to  be  involved  in  hope- 

less confusion  ;  regularly  stratified  limestones  become  crystalline 
amorphous  marbles ;  shales  assume  the  appearance  of  metamorphic 
clay- slate  or  burnt  pottery ;  great  outbursts  of  syenite  cut  through 
the  beds,  dislocating,  contorting,  or  overspreading  them  ;  trap- dykes 
in  countless  numbers  traverse  the  glens  and  the  hill-sides  ;  while,  by 
the  agency  of  faults,  higher  members  of  the  group  are  thrown  down 
among  the  lower,  and  long  tracts  of  red  sandstone  are  brought  into 
the  heart  of  the  lias.  Before  attempting  to  detail  these  complicated 
appearances,  I  shall  describe  the  character  and  order  of  the  beds 
from  their  base  upwards. 

*  Jameson's  '  Mineralogy  of  the  Scottish  Isles,'  vol.  ii.  p.  91. 
f  Forbes,  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  104. 
J  Trans.  Geol.  Soc.  2nd  series,  pp.  293,  353. 



1857.]  GEIKIE   SKYE.  3 

I.   Character  and  sequence  of  the  Liassic  beds  of  Strath. 

It  is  a  somewhat  remarkable  fact  that  in  Scotland  the  Lias  invari- 

ably rests  on  a  palaeozoic  or  metamorphic  base — usually  Old  Red 
Sandstone.  And  it  is  equally  striking  that  the  formation  is  confined 
to  the  northern  counties,  among  the  hypogene  and  older  palaeozoic 
districts  ;  none  being  found  to  the  south  of  the  great  granitic  barrier. 
These  facts  are  of  importance  in  investigating  the  physical  history 
of  the  country.  The  lias  of  Skye  rests  sometimes  conformably  and 
often  unconformably  upon  red  sandstone  or  purplish-grey  quartz- 
rock.  These  underlying  beds  have  never  yet  yielded  any  organic 
remains,  so  that  it  is  uncertain  whether  they  should  be  regarded  as 
Old  Red,  Silurian,  or  some  of  the  later  portions  of  the  gneissic  series 
of  central  Scotland.  They  graduate  southwards,  according  to  Mac- 
culloch,  into  a  series  of  gneiss-  and  mica-schists ;  but  considerable 
doubt  rests  upon  their  stratigraphical  relations,  and  it  does  not  seem 
probable  that  the  difficulty  can  be  cleared  away  without  a  careful 
and  somewhat  extended  examination,  not  merely  of  the  rocks  in 

Skye,  but  of  their  prolongations  into  the  mainland*. 
The  boundary-line  of  the  lias  and  red  sandstone  commences  on 

the  north-eastern  shore  at  the  village  of  Lussay,  whence  it  proceeds 
in  a  south-westerly  direction  for  three  miles  to  a  point  about  half 
a  mile  south  of  the  village  of  Sculamus,  from  which  it  runs  nearly 
due  south  to  the  hamlets  of  Heast  on  Loch  Eishort.  See  Map,  PI.  I. 
fig.  1 .  This  is  a  well-marked  line ;  for  the  observer  may  not  un- 
frequently  stand  at  the  same  moment  upon  lias  and  red  sandstone. 
The  only  part  on  which  there  hangs  a  shade  of  uncertainty  is  at  the 
turning  of  the  beds  near  Sculamus,  where,  owing  to  the  thick  cover- 

ing of  peat  and  the  swampy  nature  of  the  ground,  the  two  rocks 
cannot  be  approximated  quite  so  closely  as  along  other  parts  of  the 
line.  Yet  this  and  similar  obscurities  could  be  shown  only  on  a  map 
of  a  very  large  scale. 

I  have  been  not  a  little  surprised  by  the  manner  in  which  this 
line  is  mapped  and  described  by  Dr.  Macculloch.  He  commences 
it  at  the  head  of  the  long  narrow  creek  of  Obe  Breakish,  instead  of 
at.  the  village  of  Lussay,  thus  colouring  as  red  sandstone  a  space  of 
fully  two  miles  in  length,  which  is  actually  lias.  After  quitting 
the  shore  his  line  is  undefined,  the  formations  being  shaded  into 
each  other,  indicative  of  a  very  uncertain  boundary.  Beyond  this 
a  large  mass  of  syenite  is  introduced,  breaking  through  the  line, 
and  for  about  three  miles  separating  the  two  rocks.  They  are  re- 

presented as  meeting  again  to  the  south  of  the  syenite,  whence  they 
run  south-west  to  the  shore  of  Loch  Eishort,  near  the  farm  of 
Borereg — an  error  of  considerably  more  than  a  mile.  His  lines  are 
thus  frequently  set  down  at  random,  great  tracts  of  red  sandstone 
are  altogether  omitted  both  in  map  and  memoir,  the  existence  of 
faults  is  ignored,  long  tracts  of  syenite  are  inserted  where  none  exist 

*  Since  this  paper  was  written,  Professor  Nicol's  Memoir  "  On  the  Red  Sand- 
stone, Quartzite,  &c.  of  N.W.  Scotland"  has  appeared  in  the  Quart.  Journ.  Geol. 

Soc.  vol.  xiii.  p.  17. 
b2 
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in  nature,  and  false  dips  are  given,  by  which  the  very  lowest  beds  are 
made  continuous  with  the  highest  parts  of  the  series.  It  pains  one 

therefore  to  find  such  statements  as  the  following: — "Fortunately 
a  rigid  topographical  detail  is  but  of  little  moment ;  "  "  and  there  is 
the  less  reason  therefore  to  dwell  on  those  minutiae,  though  they 

have  been  examined  in  the  most  scrupulous  manner  ;"  "commencing 
from  the  lowermost  beds,  it  must  be  remarked,  that  it  is  impossible 

to  trace  their  common  boundary  with  the  red  sandstone*."  And 
there  are  many  other  passages  where,  by  a  similar  bold  assertion  or 
by  a  certain  vagueness  and  ambiguity,  the  author  leads  his  readers 
to  take  for  granted  what  he  affirms,  and  to  give  him  credit  for  having 
observed  a  great  deal  which  he  has  not  thought  it  necessary  to 
narrate. 

These  remarks  are  made  with  much  diffidence  and  reluctance.  It 
is  a  delicate  task  to  criticise  the  labours  of  one  of  the  earliest  culti- 

vators of  geological  science,  especially  one  of  his  works  which  has  ever 
ranked  among  the  standard  treatises  on  British  geology.  And  when 
I  reflect  that  his  account  of  this  limited  area  is  one  of  the  fullest 

and  most  elaborate  parts  of  his  "  description,"  embracing  about 
twenty-five  pages  of  letter-press,  I  am  sensible  that  my  remarks  tend 
to  throw  a  shade  of  discredit  over  other  portions  of  his  work  on  the 
Western  Islands.  But  it  was  impossible  to  pass  over  the  subject  in 
silence. 

The  lowest  bed  of  the  lias  (PI.  I.  fig.  2)  is  a  sandy  conglomerate, 
averaging  2  or  3  feet  in  thickness,  and  traceable  from  near  Lussay  at 
intervals  along  the  boundary-line  to  Heast.  It  is  formed  of  well- 
rounded  pebbles  of  red  sandstone  and  white  quartz — the  waste  of 
the  surrounding  knolls  that  formed  reefs  and  skerries  when  the  Scot- 

tish lias  began  to  be  thrown  down.  To  this  succeed,  at  Lussay, 
beds  of  white  and  greenish  chloritic  sandstone,  varying  from  3  or  4 

to  fully  15  feet  in  depth.  Next  follows  a  seam  of  dark-blue  com- 
pact limestone  about  a  foot  thick,  surmounted  by  a  stratum,  irre- 

gularly 2  feet  deep,  of  massive  Isastrcece  enveloped  in  a  dark  sandy 
clay.  This  remarkable  bed  escaped  the  notice  of  Dr.  Macculloch  : 
it  was  first  observed  by  Sir  Roderick  Murchison ;  and  afterwards 
examined  and  describedf  by  one  who  has  scarcely  left  a  district  of 

his  country  unvisited,  or  unrecorded  by  his  classic  pen — the  late 
lamented  Hugh  Miller. 

I  have  not  succeeded  in  detecting  the  coral-bed  in  the  interior  of 
the  island  ;  it  probably  thins  out  at  no  great  distance  from  the  shore. 

Above  the  corals  there  are  7  or  8  feet  of  a  calcareous  grit,  which 
shades  off  into  a  series  of  dark  blue  limestones  with  occasional  courses 

of  shale.  The  calcareous  beds  are  not  peculiarly  fossiliferous,  show- 
ing however  on  the  weathered  surface  mouldering  casts  of  Ammonites 

and  Gryphcece,  and  on  a  fresh  fracture  the  minute  joints  of  Penta- 

*  Description  &c.  vol.  i.  pp.  316,  317. 
t  In  a  paper  read  before  the  Royal  Physical  Society  of  Edinburgh,  21st  April, 

1852.  This  coral  was  mentioned  at  the  Cheltenham  Meeting  of  the  British 
Association  by  the  Rev.  P.  B.  Brodie,  to  whom  I  sent  a  specimen.  See  also 
Edinb.  New  Phil.  Journ.  April  1857,  p.  263. 
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crinites.  The  shales  too,  when  contrasted  with  those  higher  up  in 
the  series,  are  remarkably  barren  in  fossils. 

The  long  narrow  peninsula  at  Obe  Breakish  consists,  on  its  south- 
eastern side,  of  beds  of  white  sandstone,  and  along  its  north-western 

shore  of  a  thick  deposit  of  dark  sandy  micaceous  shale  abounding  in 
Gryphcece.  Above  these  shales  there  occurs  in  the  interior  a  stratum 

of  brecciated  conglomerate  formed  of  lias-limestone  and  red  sandstone 
fragments. 

From  Breakish  to  Broadford  the  shore  is  occupied  by  low  shelving 
reefs  of  dark  blue  limestone  with  alternating  courses  of  shale.  As 
the  rocks  approach  Corry,  beds  of  calcareous  grit  often  charged  with 
Gryphcece  begin  to  appear.  The  series  described  up  to  this  point 
corresponds  in  position  to  the  lower  lias  of  England. 

Beyond  Corry  and  on  the  opposite  island  of  Pabba  there  begins  a 

series  of  dark  micaceous  and  sandy  shales  abounding  in  fossils*,  and 
answering  to  the  lower  horizon  of  the  English  middle  lias.  The 
syenite  of  Beinn  Bhuidhe  descends  to  the  shore  north  of  Corry  ;  but 
the  shale  can  still  be  traced  along  it  as  far  as  the  entrance  of  the 
Sound  of  Scalpa,  where  the  last  beds  visible  are  of  sandstone,  greatly 

disturbed  by  syenite  and  trap-dykes.  The  series  is,  however,  pro- 
longed on  the  coast  of  Scalpa  Island  near  Scalpa  House,  where  a 

series  of  calcareous  shales  rest  unconformably  on  the  red  sandstone, 

which  has  here  a  south-easterly  dip.  The  organisms  of  these  shales 
are  in  a  wretched  state  of  keeping,  but  some  of  the  better-preserved 
Pectens  suggest  a  comparison  with  the  marlstone  of  England. 

The  continuation  of  the  series  through  the  upper  lias  will  doubt- 
less be  made  out  along  the  eastern  coast-line  of  Skye  and  Raasay, 

but  my  explorations  have  not  hitherto  extended  further  north  than 
Scalpa.  The  sequence  of  the  beds  described  will  be  at  once  perceived 
from  the  subjoined  Table. 

Table  of  the  Lias  of  Strath. 
Dark  calcareous  shales  (with  Pectens,  &c.)       Scalpa. 

Middle  Lias.  \  Dark-grey  or  brown,  sandy,  micaceous  shales  (with 
numerous  fossils)          Pabba. 

Calcareous  grits  (with  Gryphace)   1  BroadfordBav. Limestones  and  shales  in  alternate  bands   J 
Calcareous  brecciated  conglomerate       (Inland.) 
Dark  brownish-grey  sandy  shale  (with  Gryphcece).  \  q.     xiTea\r[& White  sandstone   

Limestone  and  occasional  seams  ]  (with     Animo- 
of  shale. .,    >nites,Gryphites, 

Calcareous  grit ;  7  to  8  feet  ...  J  and  Pectens). 

Coral -bed  ;  2  feet  (Isastrcea)     ^-Lussay 
Limestone;  1  foot   
Green  and  yellow  sandstone ;  3  to  15  feet   
Fine  conglomerate;  2  to  3  feet   

Red  sandstone  and  quartz-rock. 

The  dip  of  these  beds  from  their  base  at  Lussay  to  their  top  at 

Scalpa  House  (fig.  2)  is  pretty  uniformly  5°-8°  to  the  north-west ; 
*  For  a  description  of  the  fossils  collected  in  Strath  I  am  indebted  to  the 

kindness  of  Dr.  Wright.     See  Appendix. 

Lower  Lias.  < 
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and,  as  the  distance  is  nearly  four  miles,  their  entire  thickness  must 
be  at  least  fully  1500  feet. 

II.  Geological  Structure  of  the  Strath  Valley. 

Coast-sections. — The  previous  enumeration  of  the  liassic  strata  of 
Strath  is  in  reality  a  description  of  the  beds  seen  in  section  along:  the 

north-eastern  shore  (PL  I.  fig.  2).  They  follow  each  other  regularly, 
from  the  sandstones  and  coral-bed  of  Lussay  up  to  the  Scalpa  shales, 
with  no  material  disturbance  from  faults  or  igneous  rocks.  The  struc- 

ture of  the  south-western  coast-line  is  somewhat  more  complex. 
At  the  head  of  Loch  Slapin  (fig.  4),  among  the  roots  of  Beinn  Chro 

and  Beinn  Dhearg  Mor,  there  occurs  a  set  of  limestones  and  shales 
occupying  the  same  horizon  as  those  of  Breakish.  In  the  bed  of  the 
stream  that  descends  between  these  two  mountains  a  few  yards  of 
altered  limestone  abut  against  the  syenite  of  the  hills  ;  this  is  followed 
by  a  series  of  indurated  shales  with  occasional  fragments  of  Belem- 
nites ;  and  further  down  the  water-course,  a  hard  bluish-grey  and 
streaked  metamorphic  limestone  becomes  the  prevailing  rock.  The 

dip  of  these  beds  is  S.  by  W.  at  angles  of  from  25°  to  60°.  They  are 
capped  on  the  shore  at  Torrin  by  a  small  patch  of  shale,  seen  only 
at  low-water,  which  may  possibly  represent  the  under  portion  of  the 
Pabba  series.  Following  the  eastern  shore  of  Loch  Slapin,  we  find 
the  dip  turning  round  to  the  north-west,  and  the  same  series  of  altered 
limestones  again  presenting  itself.  The  bedded  structure  of  the  rock 
is  nearly  obliterated  ;  but,  where  the  angle  of  dip  can  be  observed,  it 
increases  southwards  beyond  the  Torrin  promontory,  until  the  shore 
is  covered  by  a  great  protrusion  of  syenite,  which  stretches  eastwards 
for  three  miles,  forming  the  long  ridge  of  Beinn  an  Dubhaich.  It 
extends  along  the  shore  for  about  half  a  mile,  and,  at  the  promon- 

tory south  of  Camus  Smalaig,  is  succeeded  by  the  limestone  as 

before.  South  of  this  junction  the  beds  dip  S.W.  at  15°-25°,  where 
the  bedded  structure  begins  to  reappear.  They  gradually  lose  their 
metamorphic  aspect,  till  at  the  mouth  of  the  stream  which  descends 

from  Glen  Kilbride,  they  pass  into  a  coarse  shelly  limestone  abound- 
ing in  GryphcEce.  The  grits  and  limestones,  which  for  a  short  space 

succeed,  are  the  equivalents  of  similar  beds  between  Broadford  and 
Corry  ;  and,  as  in  that  locality,  so  also  here,  they  are  surmounted  by 
a  thick  set  of  dark  micaceous  shales,  identical  in  character  and  fossils 

with  those  of  Pabba.  They  stretch  into  the  interior  for  upwards  of 
a  mile,  whence  they  deflect  to  the  south,  and  reach  the  shore  of 

Loch  Eishort  at  Borereg, — thus  occupying  the  tongue  of  land  which 
separates  the  two  lochs.  At  Suishnish  Point  they  are  covered  by  a 
patch  of  yellow  calcareous  sandstone,  which,  at  one  part,  displays  a 
rude  grotto  with  pendent  stalactites,  like  not  a  few  other  caves  formed 

by  the  decomposition  of  trap-dykes  along  "  Slapin' s  caverned  shore." 
This  lip  of  sandstone  is  succeeded  by  the  same  series  of  shales 

dipping  N.W.  at  3°-5°.  Half  a  mile  from  Suishnish  they  are  inter- 
rupted by  a  large  mass  of  augitic  greenstone,  which  has  broken 

through  and  overflowed  them  atop.  The  headland  of  Cam  Nathrach 
is  formed  by  this  protrusion  of  greenstone  surmounted  by  another  of 
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fine-grained  syenite.  At  Borereg  the  shales  strike  inland,  as  already 
mentioned,  and  are  succeeded  by  a  set  of  limestones  and  thin  shales 

— the  representatives  of  the  limestones  of  Broadford  and  Torrin*. 
The  Sketch  No.  1 .  illustrates  this  locality. 

The  occurrence  of  quartz-beds  in  the  limestones  at  this  locality  is 
interesting,  inasmuch  as  it  proves  that  pure  white  crystalline  quartz- 
ite  is  not  necessarily  a  product  of  igneous  influence.  The  syenite 
of  Beinn  na  Charn,  it  is  true,  is  only  a  short  way  distant ;  that  it  could 
not,  however,  have  had  any  material  effect  upon  the  quartzite  is  abun- 

dantly evident  from  the  unaltered  character  of  the  interstratified 
limestones ;  and  if  further  proof  were  needed,  it  would  be  found  in 
the  occurrence  of  a  precisely  similar  quartzite  among  the  limestones 
of  the  interior,  on  the  ridge  to  the  south  of  Glen  Kilbride.  There  it 
rests  on  an  elevated  belt  of  red  sandstone,  and  is  overlaid  by  a  lime- 

stone-breccia, and  a  series  of  unaltered  limestones.  The  nearest 
syenite  is  that  of  Beinn  an  Dubhaich  on  the  other  side  of  the  Glen, 
but  a  large  fault  intervenes  between  them.  There  is,  indeed,  a  small 
basalt-dyke  traversing  the  lias-beds  at  this  point,  but  it  is  of  much 
too  trifling  extent  to  have  produced  the  supposed  metamorphism  ; 
while  I  shall  take  occasion  to  show  that  the  trap-dykes  of  the  district 
generally  have  not  exercised  any  marked  influence  upon  the  texture 
of  its  rocks.  Of  the  quartz-beds  on  Loch  Eishort,  the  upper,  as  ex- 

posed on  the  beach,  is  much  jointed  and  fractured ;  and,  as  far  as  I 
could  penetrate  into  its  substance,  it  seemed  to  be  a  nearly  transparent 
crystalline  quartzite,  with  an  occasional  tendency  to  be  dull  and 
subgranular.  The  under  bed  is  also  a  good  deal  fractured,  owing, 
perhaps,  at  least  in  part,  to  the  proximity  of  a  fault.  It  forms  a  tall 
cliff,  remarkable  for  its  brilliant  whiteness,  and  for  the  large  snowy 
blocks  that  cumber  the  beach  around  its  base.  A  fresh  fracture 

shows  that  this  peculiar  brilliancy  is  chiefly  owing  to  a  thin  crust, 

from  Jth  to  y^-th  of  an  inch  in  thickness,  consisting  of  minute  aggre- 
gated granules  or  crystals  of  quartz.  Further  from  the  surface  the 

rock  assumes  the  character  of  a  very  fine  quartzose  grit. 
The  shore  of  Loch  Eishort  is  now  occupied  by  a  great  tract  of 

red  sandstone,  extending  inland  as  far  as  the  north-eastern  corner  of 
Beinn  na  Charn.  Its  western  boundary  is  formed  by  a  fault,  which 
throws  out  fully  400  feet  of  the  lower  lias,  and  brings  down  the 
Sculamus  and  Broadford  limestones  against  the  palaeozoic  beds.  The 

dip  of  the  sandstone  is  generally  westerly,  at  angles  varying  from  20° 
to  50°.  Its  eastern  edge  has  likewise  been  produced  by  a  fault  that 
extends  from  near  the  north-east  corner  of  Beinn  na  Charn  to  the 
village  of  Heast.  This  latter  dislocation  has  thrown  out  a  still 
larger  portion  of  the  lower  lias  ;  and  the  effect  of  the  two  movements 
together  has  been  to  cut  a  rude  scalene  triangle  out  of  the  lias  lime- 

stones and  shales,  inserting  in  their  stead  a  corresponding  area  of  red 
sandstone.  The  Heast  fault  can  be  well  observed  in  the  channel  of 
the  stream,  where  the  fractured  ends  of  the  limestones,  shales,  and 
breccia  distinctly  abut  against  those  of  the  older  strata.     Beyond 

*  With  the  above  description  of  this  coast-section,  for  the  accuracy  of  which  I 
can  vouch,  compare  that  by  Macculloch  ;  Description,  vol.  i.  p.  328. 



8  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [April  22, 

the  cultivated  patches  of  Heast  the  coast-line  is  fringed  with  sombre, 
lichen-clothed  crags  of  red  sandstone  and  quartz-rock,  stretching  away 
to  north-east  over  a  bleak  moorland  region,  and  swelling  southwards 
into  the  grey  wrinkled  mountains  that  form  the  long  peninsula  of  Sleat. 

Interior. — I  have  now  gone  over  the  coast-sections  of  the  district, 
whence  a  good  idea  may  be  gained  of  the  general  arrangement  of  the 
rocks  in  the  interior.  To  describe  that  arrangement  regularly  in 
detail  would  be  not  a  little  tedious,  and,  from  the  want  of  local  refer- 

ences, would  be  attended  with  inconvenience  and  difficulty.  I  have 
accordingly  drawn  several  sections  through  the  more  remarkable 
parts  of  Strath,  whereby  much  is  shown  at  a  glance  that  could  not 
be  so  well  understood  even  from  the  clearest  description.  These 
sections,  with  the  accompanying  map,  will,  I  trust,  convey  a  fair 
idea  of  the  structure  of  the  district.  They  show  the  Liassic  region 

of  Strath  to  be  a  great  synclinal  trough  bounded  on  the  north-west 
by  syenite,  and  on  the  south-east  and  east  by  red  sandstone,  and 
ridged  up  along  its  centre  by  an  anticlinal  axis. 

Notwithstanding  this  seemingly  simple  structure,  there  is  not  a 
little  complexity  when  we  descend  to  details.  Thus,  we  should  ex- 

pect that  along  the  outer  edges  of  the  synclinal  hollow,  the  lowest 
beds  would  be  always  those  visible,  but  this  is  not  strictly  true.  The 
most  northerly  of  the  sections,  PL  I.  fig.  2,  exhibits  no  sign  of  any 
bending  of  the  beds  :  these  follow  each  other  in  regular  sequence 
from  the  lower  conglomerate  and  coral-bed  up  to  what  is  probably 
the  marlstone.  Section  III.,  MS.,  and  fig.  5  display  the  full  swell 
of  the  anticlinal  axis,  and  likewise  the  effects  of  denudation  in 

partly  baring  the  sandstone-ridge  of  its  mantle  of  limestone.  The 
lower  beds  seen  at  the  eastern  end  of  the  line  do  not  rise  against  the 
syenite  at  the  western ;  those  visible  along  the  flanks  of  Beinn  na 
Cailleaich  belong  to  a  higher  part  of  the  series.  The  shales  and 
limestones  at  the  foot  of  Ben  Chro  are  not  the  bottom  beds,  nor  do 
these  occur  at  the  other  edge  of  the  trough  on  the  shore  of  Loch 
Eishort,  for  there,  as  shown  above,  the  fault  cuts  off  all  the  strata 
below  the  white  quartzite.  And  thus,  though  the  general  structure 
of  the  district  is  that  of  a  synclinal  hollow,  its  regularity  has  been 
assailed  by  syenite  and  faults. 

Nor  is  there  greater  regularity  in  the  occurrence  of  the  central 
anticlinal  ridge.  Eastwards  it  is  produced  by  a  broad  undulation 
of  the  red  sandstone  and  superincumbent  lias  without  visible  igneous 
rock  ;  westwards  it  is  caused  by  a  long  protrusion  of  syenite,  while 
midway  there  is  a  confused  coalescing  of  the  two  axes.  Moreover, 
throughout  nearly  the  whole  extent  of  this  cenlral  area,  the  lime- 

stones have  been  so  altered  that  it  is  no  easy  task  to  ascertain  their 

true  dip.  They  are  ploughed  up  on  all  sides  by  trap-dykes  ;  faults 
have  dislocated  their  connexion;  great  protrusions  of  syenite  have 
ridged  them  up,  and  long  tracts  of  red  sandstone  are  found  running 
through  their  centre. 

Instead,  therefore,  of  attempting  to  describe  this  confused  district, 
I  must  refer  to  the  map  and  sections  alluded  to  for  the  general  dis- 

position and  relations  of  the  rock-masses,  and  content  myself  with 
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describing  under  three  or  four  subdivisions  those  appearances  that 
seem  most  worthy  of  consideration  in  the  geology  of  Strath.  The 
first  subject  to  which  I  shall  advert  is  the  long  sandstone-ridge  and 
its  accompanying  breccia. 

Limestone-breccia. — In  detailing  the  sequence  of  beds  along  the 
north-eastern  shore,  reference  has  been  made  to  a  bed  of  limestone- 
breccia  which,  though  not  visible  on  the  coast,  can  be  seen  at  many 
places  in  the  interior.  This  rock  and  its  attendant  circumstances 

appear  to  have  escaped  the  notice  of  Macculloch  *  ;  yet  it  is  a  point 
of  not  a  little  interest,  and  throws  some  important  light  upon  the 
physical  history  of  the  district.  Its  horizon  lies  a  short  way  above 
the  thick  shale  that  occurs  in  the  lower  portion  of  the  series  at 
Breakish  ;  and  this  position  it  probably  always  retains.  It  varies  in 
thickness  from  3  or  4  feet  to  1 0  or  1 2,  and  is  made  up  of  rounded  and 

subangular  fragments  of  quartz-rock,  red  sandstone,  and  lias-limestone. 
Its  line  is  accurately  defined  by  the  eastern  edge  of  a  long  belt 

of  red  sandstone  (similar  to  that  whereon  the  lowest  lias-beds  re- 
pose), around  which  it  seems  moulded.  This  narrow  strip  of  sand- 

stone is  bounded  on  the  west  by  a  fault  that  runs  through  the  valleys 
of  Glen  Kilbride,  Loch  Lonachan,  and  Glen  Shuardail,  and  is  well 
exposed  in  the  channel  of  the  Shuardail  Water,  where  it  gradually 

dies  out  before  reaching  Sculamus.  The  other  edge  of  the  sandstone- 
belt  is  fringed  by  the  breccia.  Except  at  one  spot  on  the  southern 
ridge  of  Glen  Kilbride,  where,  for  a  short  way,  there  intervenes  the 
lenticular  mass  of  white  quartz-rock  already  noticed,  and  also  on  the 
western  slope  of  Beinn  Shuardail,  where  the  breccia  is  overlapped 
by  limestone,  the  sandstone  is  always  found  to  have  a  capping  of 
breccia  ;  and,  I  make  no  doubt,  were  the  anticlinal  ridge  of  Beinn 
Shuardail  stripped  of  the  limestone  by  which  it  is  enveloped,  the 
sandstone  below  would  be  found  girdled  by  a  zone  of  breccia.  The 
only  locality  where  I  have  detected  the  latter  rock  away  from  the 
sandstone  is  in  the  bed  of  the  stream  that  descends  from  the  Black 

Lochs  to  Heast.  The  following  sections  will  explain  the  structure 
of  that  part  of  Strath. 

The  Section  through  the  northern  end  of  Beinn  Shuardail  (fig.  5) 
crosses  the  anticlinal  of  red  sandstone  with  the  flanking  breccia  and 
limestones.  The  breccia  probably  thins  out  over  the  older  limestone 
and  shales  as  here  delineated.  Had  it  been  continuous,  we  should 

have  found  it  at  b'  above  the  Breakish-shales.  These  lower  beds 
must  abut  against  the  bottom  of  the  breccia  in  the  manner  shown  in 
the  section ;  for  that  they  cannot  pass  above  the  breccia,  is  proved 
by  the  position  which  it  occupies  at  Heast,  and  by  the  limestone- 
fragments  with  which  it  abounds.  Assuredly  it  cannot  be  on  the 
same  horizon  with  the  lower  conglomerate  found  resting  on  the  red 
sandstone  from  Lussay  to  Heast  (fig.  4). 

The  Section  between  Beinn  na  Cham  and  Hill  of  Harripool  (fig.  6) 
passes  south  of  the  gap  in  the  syenite-range  of  Beinn  na  Charn  and 

*  He  does,  indeed,  mention  a  calcareous  conglomerate  next  the  syenite,  but 
adds  that  "  its  connexions  cannot  be  traced." — Description,  vol.  i.  p.  325. 
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Hill  of  Harripool.  It  differs  from  the  preceding  in  so  far  as  it 
shows  the  effect  of  the  fault  along  the  eastern  side  of  Beinn  Shuar- 

dail,  and  the  reappearance  of  the  breccia  in  the  Heast  stream  at  b'. 
In  Section  IV.  MS.  a  small  knob  of  red  sandstone  is  seen  projecting 
through  the  limestone  on  the  west  side  of  Beinn  Shuardail.  I  think 
it  highly  probable  that  this  and  another  similar  patch  half  a  mile 
north  are  prominences  of  the  underlying  rock  from  which  the  over- 

lying limestone  has  been  torn  away,  so  that  the  breccia,  though  in- 
visible, may  flank  their  base,  as  shown  in  the  section.  As  corrobo- 

rative of  this  conjecture,  I  may  remark  that  at  Sithean,  where  the 
sandstone,  divested  of  its  calcareous  covering,  descends  almost  to 
the  level  of  the  road,  the  breccia  is  found  resting  above  it ;  but  where 

the  limestones  begin  to  creep  up  the  hill-side  to  the  south,  the 
breccia  gets  covered  over,  together  with  the  sandstone  below. 

I  am  thus  particular  in  the  details  of  this  sandstone-ridge  and  its 
casing  of  breccia,  because  the  appearances  described  appear  to  me 
indisputably  to  prove  that  the  period  of  the  Lower  Lias  of  Skye 
was  marked  by  movements  of  upheaval  and  depression.  Whilst 
limestones  and  shales  were  alternately  accumulating  at  the  bottom 
of  the  old  liassic  sea,  a  long  low  reef  was  thrown  up,  raising  with  it 

the  calcareous  and  muddy  deposits  that  had  formed  the  ocean-bed. 
Exposed  to  the  beating  of  the  surf,  these  strata  were  broken  up,  their 
fragments  dispersed  along  the  slopes  of  the  reef,  and  the  red  sand- 

stone once  more  laid  bare.  At  length  the  ridge  began  to  suffer  a 
downward  movement,  and,  as  it  slowly  sank,  fresh  accumulations  of 
limestone  gathered  around  and  over  it,  in  a  sea  swarming  with 
Ammonites,  Pinnce,  and  Pectines. 

There  is  another  point  of  interest  in  this  sandstone-ridge  which  I 
am  unwilling  to  omit.  The  remarkable  parallelism  of  the  mountain- 
ranges  and  glens  of  Scotland  long  ago  drew  the  attention  of  geolo- 

gists, and  the  progress  of  investigation  has  shown  that  what  is  so 
marked  in  the  north  can  be  no  less  distinctly  traced  in  the  general 
structure  of  the  British  Islands.  The  great  faults  traced  on  the  maps 

of  the  Geological  Survey  have  generally  a  parallel  strike  from  south- 
west to  north-east,  corresponding  with  the  direction  of  the  Highland 

glens  and  straths.  With  regard  to  the  relative  ages  of  these  upheavals 
and  depressions  mere  parallelism  can  prove  nothing,  for  there  is  strong 
reason  to  believe  that  at  least  most  of  the  great  disturbing  move- 

ments which  have  taken  place  within  the  area  of  the  British  Islands, 
from  the  earliest  eras  whereof  we  have  any  cognizance,  have  been 
along  a  north-east  strike.  Now,  the  sandstone-ridge  of  Strath  pre- 

serves the  same  direction,  and,  though  invaded  by  the  syenite  of 
Beinn  an  Dubhaich  and  shattered  by  the  fault  of  Glen  Kilchrist  and 
Glen  Shuardail,  it  is  still  tolerably  perfect  for  nearly  five  miles.  Of 
its  age  there  can  be  no  doubt ;  it  was  formed  towards  the  close  of  the 
lower  horizon  of  the  Lower  Lias,  and  had  begun  to  sink  when  the 
limestones  of  the  upper  horizon  of  that  division  were  deposited. 
Many  a  long  year  had  rolled  away,  and  its  site  was  well  nigh  effaced, 
when  the  Pabba-shales,  belonging  to  the  lower  and  middle  horizons 
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of  the  Middle  series,  were  thrown  down,  enveloping  the  remains  of 
Ammonites  Jamesoni,  A.  brevispina,  and  A.  Davozi.  The  circum- 

stance is  interesting,  therefore,  in  a  twofold  point  of  view :  1st, 
because  it  proves  that  the  disturbing  agencies  which  afterwards 
played  such  an  important  part  in  Hebridean  geology  had  already 
begun  to  show  themselves  as  early  as  the  time  of  the  Lower  Lias  ; 
and,  2ndly,  because  it  clearly  indicates  that  in  the  same  ancient 
period  the  forces  which  produced  the  parallelism  of  the  Scottish 
glens  and  mountain -chains  acted  in  the  prevailing  north-easterly 
direction. 

Igneous  Rocks. — The  igneous  rocks  of  Strath  belong  to  two  great 
classes,  and  assume  three  distinct  modes  of  occurrence.  There  are, 

first,  the  various  hills  and  mountain- chains  of  syenite — huge  amor- 
phous masses  breaking  through  and  overlying  the  liassic  beds ;  and, 

secondly,  the  innumerable  dykes  of  augitic  trap  that  cut  the  strata 
at  every  angle,  and  not  unfrequently  spread  out  between  them  in  a 
bedded  form. 

The  northern  limit  of  the  liassic  region  was  described  as  formed  by 
a  bold  eruption  of  syenite  rising  into  an  elevated  chain  of  mountains 
(see  Map,  PL  I.  fig.  1).  The  summits  of  these  hills,  bleak  and  bare, 
rise  out  of  a  thick  mantle  of  shattered  blocks  and  broken  debris, 
which,  together  with  the  scantiness  of  the  vegetation,  give  them  an  air 
of  ruin  and  desolation.  Beinn  na  Cailleaich,  the  highest  of  the  range, 
attains  an  elevation  of  over  2000  feet.  In  addition  to  this  great 
syenitic  tract,  there  are  numerous  minor  isolated  portions  scattered 
throughout  the  district.  Of  these  the  largest  is  Beinn  an  Dubhaich, 
which  stretches  eastward  from  the  shore  of  Loch  Slapin  for  about 
three  miles,  with  an  average  breadth  of  about  a  quarter  of  a  mile. 
Another  syenitic  hill  of  considerable  size  is  Beinn  na  Cham,  rising 
abruptly  above  the  hamlets  and  cultivated  patches  of  Borereg.  It 
is  of  an  irregular  form,  thickest  towards  the  west,  and  tapering  to  a 
point  in  the  opposite  direction.  The  Hill  of  Harripool  may  be  re- 

garded as  a  continuation  of  Beinn  na  Cham.  It  runs  as  a  long 
sloping  ridge  in  the  direction  of  the  village  from  which  it  derives 
its  name.  The  rocky  headland  named  Cam  Nathrach,  that  forms 
the  point  of  Suishnish,  is  likewise  a  syenitic  protrusion,  having  an 
irregularly  oval  form,  and  bulging  out  a  little  towards  the  west,  like 
the  other  detached  eminences.  There  is  but  one  other  portion  of 
considerable  size  in  the  district, — the  rounded  hill,  called  Ben 
Bhuidhe,  that  rises  over  the  western  arm  of  Broadford  Bay. 

In  addition  to  these,  however,  there  occur  numerous  smaller  erup- 
tive masses  in  various  parts  of  Strath.  One  juts  over  the  rugged 

path  along  the  cliffs  of  Loch  Slapin,  between  Glen  Kilbride  and  Glen 
Suishnish ;  another  projects  into  the  breccia  between  Loch  Lonachan 
and  Beinn  na  Charn.  I  have  observed  several  more,  and  it  is  pro- 

bable that  others  may  have  escaped  my  notice.  Indeed,  after  a 
somewhat  lengthened  examination  of  the  district,  the  conviction 
forced  itself  upon  me  that  there  might  be  large  masses  of  syenite 
hidden  at  no  great  depth  beneath  the  surface,  especially  in  the  more 
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highly  metamorphic  regions,  where  the  syenite  at  present  exposed 
would  seem  inadequate  to  explain  the  amount  of  alteration  which 
the  lias-limestones  have  undergone. 

The  syenite  of  Strath  assumes  two  distinct  and  easily  recognizahle 

forms ; — one  overlying  the  liassic  strata  without  markedly  disrupting 
them  ;  the  other  violently  disrupting,  but  not  overlying  them.  In 
the  former  case  the  junction  of  the  two  rocks  is  horizontal,  or  rather 

parallel  with  the  plane  of  stratification,  and  the  igneous  rock  con- 
sequently conforms  to  the  dip  and  strike  of  the  limestones  and  shales 

on  which  it  rests.  In  the  latter  case  the  junction  is  vertical  or  nearly 
so,  and  the  igneous  rock  breaks  through  the  beds  without  reference 
either  to  their  inclination  or  direction.  The  one  class  of  phenomena 
recalls  the  circumstances  attendant  on  the  eruptions  of  the  trap- 
family,  the  other  reminds  one  of  the  appearances  that  characterize 
the  protrusions  of  the  granites. 

To  the  latter  class  belongs  that  great  expanse  of  syenite  of  which 

Beinn  na  Cailleaich,  Beinn  Dhearg,  and  Beinn  na'a  Cro  are  the 
terminal  heights  on  the  south,  and  which,  stretching  north  for  eight 
or  ten  miles,  occupies  a  large  area  in  the  centre  of  Skye.  The  only 
part  of  this  extended  district  that  I  have  examined  is  the  southern 
edge  abutting  against  the  lias  from  the  head  of  Loch  Slapin  to  the 
Sound  of  Scalpa  ;  hence  among  the  glens  and  hill-sides  there  may  be 
isolated  patches  of  the  liassic  limestones  and  shales,  although  the 
whole  area  is  coloured  and  described  by  Macculloch  as  syenite. 

The  rock  of  which  Beinn  na  Cailleaich  and  Beinn  Dhearg  are  com- 
posed is  a  granular  admixture  of  brownish  felspar  and  grey  quartz  with 

a  little  hornblende.  Occasionally  a  few  scales  of  mica  are  observable, 
so  that  the  rock  is  fully  entitled  to  rank  among  the  granites.  The 

felspar  readily  crumbles  away,  giving  rise  to  long  tracks  of  debris — 
whence  the  brownish  tint  and  rounded  outline  of  the  hills. 

The  line  of  junction  of  the  lias-beds  and  syenite  can  be  accurately 
traced  for  some  distance  along  the  western  flanks  of  Beinn  Dhearg. 
In  the  bed  of  the  stream  which  flows  down  the  glen  between  that 

hill  and  Beinn  na'a  Cro,  there  occur  the  limestones  and  shales  already 
described,  dipping  away  from  the  hills  at  angles  (decreasing  as  they 

retire)  of  from  50°  and  60°  to  20°.  They  cannot  be  seen  in  contact 
with  the  syenite,  but  that  rock  can  be  traced  down  to  a  few  yards 
from  them,  well  displayed  in  the  channel  of  the  stream.  From  this 
spot  the  line  of  demarcation  strikes  up  the  slope  of  Beinn  Dhearg, 
and,  though  the  exact  point  of  junction  always  eluded  me,  the  two 
rocks,  judging  from  the  contour  of  the  ground  and  from  the  section 
cut  by  a  stream  between  Beinn  Dhearg  Mor  and  Beinn  Dhearg  Beag, 
must  have  a  very  nearly  vertical  line  of  separation.  If  there  be 

any  inclination,  it  is  probably  that  of  the  lias-beds  dipping  away 
from  and  resting  against  the  syenite,  which  along  some  parts  of 
the  line  courses  the  hill-sides  like  a  ruined  wall,  its  base  thickly 
strewn  with  prostrate  blocks  that  obscure  the  line  of  contact.  Oc- 

casionally, as  on  the  flanks  of  Beinn  na  Cailleaich  above  the  milestone 
on  the  Sligachan  Road,  there  are  large  masses  of  limestone  caught 

up  by  and  resting  on  the  syenite.     They  do  not  usually  appear  im- 
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bedded  in  the  igneous  rock,  but  rather  look  as  if  lying  upon  it  or 
sunk  into  it.  The  syenite  can  be  seen  at  different  points  protruding 
among  these  detached  masses  of  limestone,  but  in  no  instance  did  I 
observe  it  enveloping  and  overlying  them.  It  is,  moreover,  equally 
void  of  all  fragments  of  altered  limestone  or  shale,  such  as  one  sees 
caught  up  in  many  greenstones,  especially  along  the  sides  of  dykes ; 
nor,  save  in  one  or  two  doubtful  instances,  did  I  detect  it  sending 
out  veins  into  the  adjacent  rock.  I  may  remark,  in  passing,  that 
these  isolated  masses  of  limestone,  as  well  as  the  great  body  of  that 
rock  for  some  distance  from  the  syenite,  are  highly  altered,  assuming, 
in  fact,  the  aspect  of  a  crystalline  marble.  To  this  remarkable  meta- 
morphism  I  shall  refer  more  at  large  after  the  igneous  rocks  have 
been  described. 

The  class  of  disrupting  syenites  includes,  in  addition  to  the  hills 
above  described,  the  long  irregular  ridge  of  Beinn  an  Duhhaich. 
This  eminence  exhibits  along  its  northern  boundary  the  same  abrupt 
vertical  junction  with  the  limestone  that  is  shown  on  the  sides  of 
the  opposite  hills.  Its  southern  edge  is  more  irregular,  containing 
many  isolated  masses  of  limestone,  like  those  referred  to  on  Beinn  na 
Cailleaich,  while  the  contiguous  limestone  in  turn  contains  not  a  few 
protruding  knobs  of  syenite.  In  short,  it  is  a  repetition  on  a  smaller 
scale  of  the  great  syenitic  zone  that  girdles  in  the  Strath  Valley  to 
the  north.  But  as  its  western  extremity  has  been  much  wasted  by 
the  waves  of  Loch  Slapin  that  come  surging  in  from  the  Atlantic, 
a  section  has  been  cut  across  its  breadth,  and  its  contact  with  the 

limestone  is  accordingly  well  displayed  on  both  sides.  The  following 
cliff-sections  convey  an  idea  of  the  appearances  here  presented. 

The  South  junction  of  Syenite  and  Marble  on  Loch  Slapin  (Sketch 
No.  4,  MS.). — Here  the  marble  has  a  vertical  dip,  and  a  few  yards 
southwards  it  inclines  to  the  south-west.  The  syenite  is  a  coarse 
granular  rock,  meeting  the  marble  vertically  below  and  bending  a 
little  over  above.  A  syenite-vein  is  seen  extending  into  the  marble 
horizontally  for  2  or  3  feet  from  the  main  mass  of  syenite.  It  looks 
as  if  it  had  been  squeezed  into  an  open  fissure. 

The  North  junction  of  Syenite  and  Marble  on  Loch  Slapin  (PL  I. 
fig.  7)  represents  the  junction  at  Camus  Smalaig.  The  marble 
here  is  a  pure  white,  almost  saccharoid  rock.  It  seems  to  have  a 

rude  dip  to  the  north-west,  but  this  may  be  deceptive.  The  syenite 
assumes  a  somewhat  finer  texture  along  the  line  of  contact,  and  at 
the  lower  part  of  the  visible  junction  is  charged  with  green  serpen- 

tine, which  likewise  discolours  the  contiguous  marble.  Neither  in 
this  junction,  nor  in  the  corresponding  one,  half  a  mile  south,  does 
the  syenite  overlie  the  limestone.  At  the  southern  locality  it  falls 
over  atop,  as  above  stated,  but  the  appearance  is  probably  caused  by 
a  sudden  change  in  the  strike  of  the  line  of  demarcation,  whereby, 
in  place  of  its  edge,  its  plane  is  presented  to  view. 

The  remaining  masses  of  syenite  belong,  for  the  most  part,  to  the 
second  or  overlying  class,  of  which  Beinn  Bhuidhe  may  be  taken  as 



14  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [April  22, 

an  illustrative  example.  This  hill  forms  the  elevated  promontory 
between  Broadford  Bay  and  the  Sound  of  Scalpa,  and  occupies  an 
area  of  not  much  less  than  a  square  mile.  The  coast-line  is  fringed 
with  low  flat  reefs  of  black  shale,  identical  with  that  of  Pabba ;  and 
as  the  waves  have  in  many  places  cut  a  steep  cliff  that  topples  over 
the  beach,  the  connexion  of  the  igneous  rock  with  the  lias-beds  can  be 
accurately  studied.  Nothing  could  present  a  greater  contrast  to  the 
junction  of  the  syenite  and  marble  along  the  flanks  of  Beinn  Dhearg 
or  Beinn  an  Dubhaich,  than  the  junction  of  syenite  and  shale  along 
this  sea-margin  of  Beinn  Bhuidhe.  Here  we  see  no  great  tilting  of 
the  beds,  no  wide-spread  metamorphism,  no  wall-like  contact  of  the 
two  rocks.  On  the  contrary,  the  shales  dip  gently  under  the  sea, 
showing  in  many  places  no  evidence  of  their  proximity  to  a  large  mass 
of  igneous  rock.  They  are  unaltered  except  within  a  foot  or  there- 

abouts from  the  syenite,  and  at  the  contact  show  a  flinty  porcelain- 
like texture.  The  syenite  has  manifestly  rolled  over  them,  catching 

up  fragments  in  its  progress,  insinuating  itself,  after  the  manner  of 
the  traps,  into  cracks  and  fissures,  and  conforming  exactly  to  all  the 
inequalities  of  the  stratification.  Fig.  8  shows  the  manner  in  which 

this  junction  is  displayed  along  the  cliff-section. 

The  Junction  of  Syenite  and  Shale  at  Beinn  Bhuidhe  (fig.  8). — 
Here  the  syenite  is  a  lighter-coloured,  more  felspathic,  and  finer- 
grained  rock  than  that  already  described.  At  the  point  of  contact 

it  is  very  homogeneous  and  compact,  and  hand-specimens  may  easily 
be  obtained  showing  the  two  rocks  fused  together — an  appearance 
nowhere  observable  among  the  disruptive  syenites. 

The  headland  of  Cam  Nathrach  must  be  referred  to  the  same 

overlying  class  with  Beinn  Bhuidhe.    Its  structure  is  represented  in 

The  overlying  nature  of  Beinn  na  Charn  is  well  displayed  along 
its  eastern  boundary,  where  the  limestones  and  shales  dip  under 
it,  unaltered  save  near  the  point  of  contact ;  and  there,  it  may  be 
remarked,  they  are  not  by  any  means  so  much  changed  as  near 
the  disruptive  masses ;  nor  is  the  limestone  in  any  instance  altered 
into  a  white  crystalline  marble,  as  it  is  along  the  northern  hills. 

The  Hill  of  Harripool  is  more  complex  in  its  structure,  and  not 
less  manifestly  a  superjacent,  intrusive  mass  (see  fig.  3).  At  its 
northern  extremity  it  subdivides,  shales  and  limestones  being  found 
between  the  separated  portions.  In  truth,  it  is  identical  in  its  mode 
of  occurrence  with  an  ordinary  greenstone,  which  it  further  resembles 
in  the  limited  amount  of  its  attendant  metamorphism. 

Such,  then,  being  the  marked  differences  between  these  two  forms 
of  syenite,  I  think  the  inference  may  be  legitimately  drawn,  even 
were  there  no  other  evidence,  that  they  are  not  probably  the 
products  of  contemporaneous  eruptions.  At  Beinn  Bhuidhe  they 

approach  within  a  few  hundred  yards  of  each  other,  and  it  is  incon- 
ceivable how  at  the  one  spot  the  rock  should  have  tilted  up,  pierced, 

and  greatly  metamorphosed  the  strata,  after  the  manner  of  the  granite 
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of  Arran ;  while  at  the  other  it  in  no  way  disturbed  either  their  dip 
or  their  texture,  save  along  the  immediate  line  of  contact,  but  in- 

sinuated itself  between  their  planes,  and  conformed  to  every  in- 
equality of  the  floor  over  which  it  rolled.  There  is  usually,  more- 

over, a  marked  difference  between  the  mineralogical  texture  and  even 

the  composition  of  the  two  rocks.  The  disrupting  class  are  coarse- 
grained, and  of  a  brownish-yellow  tint ;  the  overlying  and  intrusive 

are  of  a  finer  texture  and  lighter  shade,  and  generally  considerably 
more  felspathic.  There  are  indeed  exceptions  to  this  rule,  as  in 
Beinn  na  Charn,  where  the  rock  approaches  more  closely  to  the 
texture  of  the  northern  hills ;  but  the  distinction  is  in  most  cases 

sufficiently  obvious.  It  seems  impossible,  therefore,  to  avoid  the  con- 
clusion that  the  one  series  of  outbursts  must  be  older  than  the  other. 

But  there  is  another  source  of  evidence,  of  a  somewhat  negative 
kind,  which  not  only  corroborates  this  inference,  but  indicates,  as 
far  as  merely  negative  evidence  can  do,  to  which  of  the  two  classes 

the  higher  antiquity  should  be  assigned.  For,  as  in  no  observed  in- 
stance do  they  intersect  each  other,  it  is  obvious  that  they  do  not 

of  themselves  furnish  material  for  a  determination  of  their  relative 

ages.  Yet  I  believe  an  answer  to  the  question  may  be  gathered 
from  a  survey  of  the  other  igneous  rocks  of  the  district ;  and  to 
these  I  shall  now  refer. 

Trap-dykes. — Certainly  one  of  the  most  remarkable  features  in 
the  geology  of  Strath  is  the  almost  incredible  number  and  variety  of 
its  trap- dykes.  From  their  greater  permanence  they  are  visible  at 
a  considerable  distance,  now  coursing  up  the  hill-sides  like  ruined 
walls,  now  plunging  deep  amid  the  heather  of  the  glens,  now  dam- 

ming up  the  channel  of  some  mountain-torrent  that  pours  over  them 
its  white  cascades.  They  preserve  a  general  north-westerly  strike, 
but  frequently  intersect  each  other  or  unite,  being  seldom  continuous 
for  long  distances.  These  features  are  well  displayed  along  the 
eastern  shore  of  Loch  Slapin,  where  for  upwards  of  two  miles  the 
waves  have  cut  a  vertical  line  of  cliff.  Along  this  cliff,  and  on  the 
beach  below,  the  dykes  may  be  seen  running  parallel,  uniting,  again 
bifurcating,  interlacing  in  labyrinthine  confusion,  now  thickening,  now 
thinning,  terminating  abruptly  and  commencing  again,  entangling 
masses  of  limestone,  and  sending  out  minor  veins ;  at  one  time  roll- 

ing in  an  undulating  course,  wholly  irrespective  of  the  dip  or  strike 
of  the  beds,  at  another  running  along  the  line  of  the  natural  joints  ; 

now  seeming  to  conform  to  the  planes  of  bedding,  now  cutting- 
through  them  like  walls  of  masonry,  and  at  length  ending  off  in  a 
point  sometimes  well  nigh  as  fine  as  that  of  a  pen.  In  truth  there 
are  few  localities  where  the  nature  of  trap-dykes  could  be  better 
studied  than  along  this  coast-line,  for  there  is  both  an  admirable 
ground-plan  of  them  along  the  beach,  and,  for  a  considerable  part  of 
the  shore,  they  are  exposed  in  section  along  the  cliffs.  (PI.  I. 
fig.  9,  and  MS.  Sketches  Nos.  8  and  9,  illustrate  the  trap-dykes  on 
the  shore  of  Loch  Slapin.) 

The  eastern  margin  of  the  island  also  exhibits  the  trap-dykes  in 
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abundance  ;  but  they  are  there  more  regular,  and  generally  keep 
parallel  to  each  other  in  a  north-west  direction. 

On  Pabba  Island  they  are  also  numerous,  running  along  the  line 
of  the  natural  joints,  with  the  usual  north-westerly  strike.  Here 
they  show  very  unequal  degrees  of  permanence,  in  some  cases 
crumbling  away  as  rapidly,  or  even  more  so,  than  the  surrounding 
shale ;  in  others  jutting  up  like  walls.  Of  the  latter  kind  one  very 
noticeable  example  occurs  on  the  northern  shore  of  the  island.  A 

dyke,  from  3  to  4  feet  thick,  and,  next  the  cliff-line,  about  30  feet 
high,  crosses  the  beach  and  runs  out  to  sea  (MS.  Sketch  No.  11). 
The  shale  has  been  washed  away  on  all  sides  of  it,  and  it  blocks 

up  the  walk  along  the  beach  like  a  wall  of  smoothly  built  ma- 
sonry. These  Pabba  dykes  are  of  interest  in  so  far  as  they  enable 

us  to  estimate  the  extent  to  which  trap-rocks  have  altered  the  strata 
of  the  district ;  for  in  Strath  there  is  so  much  metamorphism  and 
so  many  protrusions  of  syenite,  that  one  is  apt  to  miscalculate  the 
amount  of  influence  of  the  different  igneous  eruptions.  Pabba,  how- 

ever, is  nearly  two  miles  distant  from  the  nearest  point  of  syenite,  so 
that  this  rock  could  not  have  had  any  effect  upon  the  shales  of  the 
island.  There  is  thus  no  conflicting  agency  to  mar  or  heighten  that 
of  the  trap-dykes  ;  and,  as  in  Pabba  they  fully  equal  in  number  those 
in  the  most  metamorphic  regions  of  Strath,  it  follows  that,  if,  either 
wholly  or  in  part,  they  have  produced  the  metamorphism  of  Strath, 
they  must  have  caused  a  corresponding  amount  of  alteration  in  Pabba ; 
but  in  that  island  there  is  no  metamorphism  beyond  the  mere  hard- 

ening of  the  shales  in  immediate  contact  with  the  trap.  At  the  di- 
stance of  2  feet  they  are  generally  as  soft  and  fissile  as  when  furthest 

removed  from  dykes.  It  is  evident  therefore  that  the  remarkable 
metamorphism  I  have  yet  to  describe  cannot  have  been  produced  by 
the  trap-dykes,  startling  as  their  number  may  seem.  Their  effect  is 
limited  to  a  few  inches  from  their  edges,  and  even  this  slight  altera- 

tion becomes  undiscernible  in  the  interior,  where  it  is  lost  in  a  far 
more  extended  and  complete  metamorphism. 

The  trap-dykes,  like  the  syenites,  are  divisible  into  two  well-marked 
classes,  differing  from  each  other  in  mineralogical  texture  and  in  age. 
The  one  group  comprises  nearly  all  the  dykes  of  the  district,  and  is 

formed  of  a  dark-grey  or  bluish-black  basalt*,  not  columnar,  but 
much  jointed.  The  rock  is  exceedingly  hard,  and  weathers  with  a 
greenish-brown  crust.  The  dykes  of  the  other  class  are  not  nume- 

rous, and  consist  of  a  dark  crystalline  augitic  greenstone*,  which 
sometimes  approaches  the  basalt  in  texture. 

The  annexed  ground-plan  (fig.  10)  of  the  neighbourhood  of  the 
old  Manse  at  Kilchrist  shows  the  relation  of  these  two  classes  to 

*  These  terms  are  here  used,  as  they  have,  I  think,  always  been  in  Scottish  mi- 
neralogy, to  signify  two  rocks  differing  from  each  other,  not  in  composition,  but  in 

texture  ;  basalt  being  a  compact  black  mixture  of  augite  and  felspar  without  visi- 
ble crystals,  greenstone  a  lighter-coloured  mixture  of  the  same  minerals,  the  cry- 

stals being  easily  recognizable.  When  hornblende  replaces  the  augite,  it  is  called 
a  hornblendic  greenstone.  In  Scotland,  where  so  large  a  proportion  of  the  traps 
are  augitic,  this  distinction  is  a  very  useful  one. 
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each  other.  The  greenstone-dyke  extends  from  the  road  at  Loch 
Kilchrist  in  a  south-easterly  direction  for  fully  half-a-mile,  cutting 
through  marble  and  syenite.  Along  both  edges  of  the  syenite- 
belt  there  are  numerous  smaller  basalt-veins  cut  off  abruptly,  toge- 

ther with  the  marble  which  they  intersect.  Similar  appearances 
are  visible  on  the  south  front  of  Beinn  na  Cailleaich,  where  all 

the  basalt-dykes  of  the  Sithean  valley  are  truncated  by  the  syenite, 
while  a  large  one  of  greenstone,  traversing  perpendicularly  the  bare 
slope  of  the  mountain,  forms  a  prominent  dark  scar.  These  facts 
seem  to  me  to  show  that  the  trap- dykes  are  of  two  ages ;  those  of 
basalt  being  older  than  the  disruptive  syenites,  those  of  greenstone 
later.  The  intrusive  syenites  are  not  traversed  by  basalt-veins,  but 
they  are  intimately  connected  with  the  greenstones ;  and  this  relation, 
when  examined,  throws  important  light  upon  the  respective  ages  of 
the  different  igneous  rocks  of  the  district. 

Reference  has  been  already  made  to  the  headland  of  Cam  Nath- 
rach,  that  divides  Lochs  Slapin  and  Eishort  (fig.  4).  It  is  formed 
by  a  great  sheet  of  augitic  greenstone,  surmounted  by  an  irregular 
bed  of  fine-grained  felspathic  syenite.  The  greenstone,  which  re- 

sembles in  texture  and  mode  of  occurrence  the  other  rocks  of  the 

same  kind  in  the  district,  forms  a  bed  of  considerable  regularity,  and 
is  connected  at  its  southern  edge  with  a  thick  dyke  that  cuts  verti- 

cally the  nearly  horizontal  shales  of  Suishnish.  The  syenite,  owing 
to  its  liability  to  decay,  has  a  somewhat  irregular  surface ;  but  it 
undoubtedly  forms  a  bed,  and  is  everywhere  found  resting  on  the 
greenstone.  At  the  large  loch  on  the  top  of  the  headland  it  has 
carried  up  a  considerable  fragment  of  the  calcareous  sandstone  of 
Suishnish  Point,  and  there  can  be  no  question  that  both  greenstone 
and  syenite  are  alike  intrusive. 

Along  the  eastern  base  of  Beinn  na  Cham  there  are  also  at  several 
points  indications  of  a  substratum  of  greenstone.  The  same  fact  is 
observable  in  the  Hill  of  Harripool :  that  eminence  forms  a  long 
ridge  extending  southwards  from  the  village  of  Harripool  and  merging 
into  the  northern  projection  of  Beinn  na  Cham.  At  its  seaward  end 
it  consists  of  limestones  and  shales  belonging  to  the  Breakish-series  ; 
and,  about  two  miles  south  from  the  sea,  beds  of  syenite,  probably 
ramifications  of  the  main  mass  east  of  the  Black  Lochs,  are  found 
intercalated  with  the  liassic  strata  :  at  several  points  the  syenite  has 
a  distinct  capping  of  greenstone,  perhaps  the  result  of  a  difference  in 
cooling,  but  more  probably  the  product  of  a  different  eruption. 

The  connexion  of  these  intrusive  syenites  with  the  greenstones  is 
such  as  to  leave  no  doubt  that  they  are  both  later  than  the  dis- 

ruptive masses ;  that  in  truth  they  must  be  regarded  as  the  latest  of 
the  igneous  products  of  Strath.  Thus  the  greenstones,  whether 
regarded  as  merely  the  result  of  a  difference  in  cooling,  or  as  the 
products  of  distinct  eruptions,  confirm  the  conclusion  that  the 
syenites  are  of  two  ages,  and  indicate  with  tolerable  distinctness  to 
which  class  the  higher  antiquity  should  be  assigned. 

It  may  be  well,  ere  passing  on,  briefly  to  sum  up  the  evidence  here 
VOL.  XIV.   PART  I.  C 



18  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Apr.   22, 

collected  as  to  the  dates  of  the  igneous  eruptions  of  Strath.  1st, 
they  are  all  posterior  to  the  Middle  Lias,  being  intrusive  and  not  con- 

temporaneous ;  2ndly,  the  first  period  of  igneous  action  gave  rise  to  a 

great  profusion  of  trap-dykes,  which  intersected  every  part  of  the 
district ;  they  did  not,  however,  produce  any  marked  alteration  of 
the  general  stratification  and  texture  of  the  rocks,  but  rather  con- 

formed themselves  to  the  natural  joints  of  the  beds,  and  hence  ac- 

quired a  prevailing  strike  to  north-west ;  3rdly,  subsequently  vast  tracts 
of  syenite  tilted  up  the  liassic  strata,  in  a  manner  analogous  to  that 
of  the  Arran  granites,  and  produced  in  them  an  extensive  and  com- 

plete metamorphism  ;  4thly,  the  last  period  of  igneous  action  was 
characterized  by  the  outburst  of  great  hills  of  fine-grained  syenite, 
that  intruded  itself  among  the  beds  without  either  tilting  them  or 
producing  any  considerable  amount  of  alteration  upon  them  ;  at  the 
same  period  sheets  of  greenstone  were  occasionally  thrust  among  the 

syenites  and  limestones,  or  broke  through  them  as  massive  dykes*. 
Metamorphism.  —  The  general  arrangement  and  effects  of  the 

igneous  rocks  having  been  pointed  out,  I  shall  proceed  to  describe 
the  metamorphism  so  often  alluded  to.  The  metamorphic  district, 

as  may  be  conjectured,  lies  among  the  disruptive  syenites.  Its  north- 
western limit  is  formed  by  the  great  syenitic  chain  of  Beinn  Dhearg 

and  Beinn  na  Cailleaich  ;  the  hillward  slope  of  Beinn  Shuardail  and 
the  hollow  of  Glen  Kilbride  bound  it  on  the  south-east ;  the  shore 

of  Loch  Slapin,  from  Beinn  na'a  Cro  to  the  mouth  of  Glen  Kilbride, 
forms  its  south-western  termination ;  while  to  the  north-east  it  ap- 

proaches Beinn  Bhuidhe  and  Broadford.  Within  this  area  the 
bedded  limestones  of  Broadford  Bay  are  altered  into  a  crystalline 
mass ;  stratification  is  usually  obliterated,  along  with  all  trace  of 
fossils,  and  what  was  before  a  dull  blue  limestone  assumes  all  the 

sparkle  and  varied  tints  of  a  primary  marble,  mottled  sometimes  like 
that  of  Balahulish,  or  pure  like  that  of  Carrara. 

The  action  of  atmospheric  agents  upon  this  rock  has  caused  it  to 
weather  in  a  very  singular  manner.  The  eminences  which  it  forms, 
in  not  a  few  instances,  look  as  if  a  shower  of  oblong  grey  blocks  had 
been  shot  into  their  soft  peaty  surfaces.  In  some  places  the  marble 
assumes  a  finely  cavernous  exterior,  pitted  all  over,  like  a  sandy 
beach  after  rain.  At  other  times  the  blocks  are  smooth  as  tomb- 

stones, and  stand  out  in  bold  relief  from  the  heath  and  furze  that 
surround  their  base.  No  moss  or  lichen  can  cling  to  them,  nor  does 
the  vegetation  of  the  soil  cluster  up  their  sides,  as  it  never  fails  to  do 
round  the  mouldering  dykes,  so  that  the  marble- hillocks  arrest  the 
eye  at  once,  and  can  be  distinguished  at  a  considerable  distance. 
This  manner  of  weathering  is  not,  however,  peculiar  to  the  marble. 
It  may  be  seen,  though  in  a  much  less  marked  manner,  along  the 
outcrop  of  unaltered  limestone  south  of  Sculamus.     But  the  most 

*  The  geological  era  of  these  events  has  still  to  be  fixed.  Professor  Edward 
Forbes  was  of  opinion  that  the  trap-hills  of  the  north-east  of  the  island  were  of 
Middle  Oolite  age,  but  admitted  that  the  district  would  require  a  more  extended 
investigation  before  the  point  could  be  made  out  with  certainty.  See  Quart. 
Journ.  Geol.  Soc.  vol.  vii.  p.  109. 
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remarkable  example  of  weathering  is  probably  that  on  the  beach 
south  of  Camus  Smalaig,  where,  to  the  action  of  the  atmosphere, 
there  has  been  added  that  of  the  waves.  The  rock  is  there  of  a 

leadeii-blue  colour,  and  its  surface  bristles  thickly  with  sharp  rough 
irregular  fragments,  having  a  greenish  hue  and  adhering  to  the 
marble  often  by  the  merest  point.  These  small  roughnesses  are  so 
angular  as  to  wound  the  hand  when  it  is  passed  even  gently  across 
them,  and  they  render  walking  dangerous  alike  to  boots  and  skin. 
I  can  compare  them  to  nothing  but  what  we  might  conceive  would 

be  the  appearance  presented  by  a  shower  of  moist  tea-leaves  that 
had  been  thrown  athwart  a  freezing  pond  and  become  hard  and 
fixed  in  the  ice. 

The  texture  and  colour  of  the  marble  vary  in  different  parts  of 
the  district.  The  whitest  varieties  are  to  be  seen  at  the  Kilchrist 

quarries,  and  in  the  vicinity  of  Kilbride.  In  each  of  these  localities 
there  is  a  large  mass  of  syenite  close  at  hand.  Various  shades  of 
grey  occur,  in  some  instances  (as  on  the  shore  south  of  Camus  Sma- 

laig), in  contact  with  the  syenite, — the  marble  assuming  a  crystalline 
or  saccharoid  texture.  Green  streaks  of  serpentine  mottle  the  rock 

where  it  is  intersected  by  trap-dykes,  and  also,  at  Camus  Smalaig, 
where  it  is  cut  through  by  syenite.  Specimens  may  also  be  obtained 
prettily  veined  with  blue  and  purple  (rarely  with  red)  even  in  the 
immediate  vicinity  of  the  purest  crystalline  varieties,  as  at  the  Kil- 

christ quarries.  As  the  marble  recedes  from  the  syenite  it  darkens 
in  colour,  loses  its  metamorphic  aspect,  and  gradually  passes  into  an 
ordinary  limestone. 

On  the  exposed  marble-cliffs  that  fringe  Loch  Slapin,  a  little  way 
north  of  Glen  Kilbride,  I  have  found  what  appears  to  be  the  frag- 

ment of  a  Pentacrinite.  With  this  exception  I  have  not  succeeded 
in  detecting  in  the  altered  limestone  any  trace  of  organic  remains. 
There  are,  however,  a  number  of  rough  nodular  accretions  of  cherty 
carbonate  of  lime,  of  great  hardness,  that  protrude,  sometimes  in 
considerable  numbers,  from  the  smooth  surface  of  the  marble.  These 

may  represent  some  of  the  organisms  seen  along  the  eastern  shores, 
and  I  have  sometimes  fancied  that  my  eye  could  detect  what  bore  a 
remote  resemblance  to  a  Gryphite.  If  such  irregular  nodules  do 
actually  represent  Ammonites,  Gryphcece,  &c,  these  organisms  must 
have  undergone  no  little  distortion  and  obliteration — Pentacrinite, 
Ammonite,  and  Pecten  being  jumbled  together  into  rugged  lumps  of 
cherty  limestone. 

The  passage  of  the  metamorphic  into  the  unaltered  limestone  is 
a  point  of  considerable  interest,  and  may  be  studied  to  advantage  on 
the  shore  of  Loch  Slapin  at  the  mouth  of  Glen  Kilbride  (MS.  Sketch 
No.  13).  There  the  altered  limestone  is  seen  abutting  against  the 
syenite  of  Beinn  an  Dubhaich.  As  it  approaches  the  sea  it  becomes 
dark,  compact,  and  dull  in  grain,  with  streaks  of  white,  but  devoid 
of  fossils.  Then  occur  seams  of  lighter-coloured  limestone  and  hard 
shale  with  Gryphcece,  succeeded  by  a  dark  blue  close-grained  lime- 

stone with  Ammonites,  &c.  These  beds  are  followed  southwards  by 
calcareous  grits,  sandstones,  and  limestones  similar  to  those  above 

c  2 
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the  Broadford-limestone  ;  while,  as  the  strata  pass  towards  Suishnish, 
the  Pabba-shales  supervene.  I  know  of  no  other  locality  where  a 
similar  section  can  be  seen.  Macculloch  indeed  describes  one  on  the 

shores  of  Loch  Eishort  near  Borereg*.  But  he  has  mistaken  the 
quartz-beds  there  for  altered  sandstones,  and  consequently  has  been 
deceived  as  to  the  true  character  of  the  interstratified  limestones. 

They  are  assuredly  not  metamorphic,  for  they  contain  Ammonites, 
Gryphcece,  and  comminuted  fragments  of  shells,  and  are  identical  in 
position  and  texture  with  the  beds  along  the  Broadford  shore  f. 

The  amount  of  alteration  is  not  uniform  throughout  the  meta- 
morphic area.  It  is  greatest  in  the  immediate  vicinity  of  syenite,  and 

slightest  where  that  rock  is  at  a  distance.  Perhaps  the  most  thorough 
degree  of  alteration  has  taken  place  in  that  limestone-patch  enclosed 
in  the  syenite  of  Beinn  an  Dubhaich,  whence  Lord  Macdonald  has 
quarried  some  large  blocks  of  snowy  whiteness.  It  is  exceedingly 
hard,  and  probably  could  not  be  worked  without  considerable  labour 
and  cost.  It  has  moreover  the  defect  of  losing  its  brilliant  purity 
on  exposure  :  a  fragment  that  was  polished  about  twenty  years  ago 
has  a  dirty  yellow  surface,  while  a  piece  of  Carrara  marble  that  was 
prepared  at  the  same  time  is  still  as  bright  as  at  first. 

A  less  amount  of  metamorphism  is  discernible  among  the  knolls 
round  Torrin,  where  the  marble  possesses  in  some  places  an  easily 

discernible  stratification,  and  dips  north-west  at  from  20°  to  37°. 
The  texture  of  the  rock  at  these  points  is  usually  crystalline,  some- 

times dull  and  compact,  having  a  bluish-grey  shade  that  merges  on 
the  one  hand  into  white,  and  on  the  other  into  a  dark  leaden-blue. 
The  faintest  trace  of  alteration  can  be  observed  at  the  spot  on  Loch 
Slapin,  where  the  metamorphic  shades  off  into  the  unaltered  rock. 
In  these  instances,  as  in  the  district  generally,  the  amount  of  meta- 

morphism is  regulated,  on  the  whole,  according  to  the  proximity  of 
the  igneous  rock.  But,  as  stated  above,  the  alteration  in  parts  of 
the  district  removed  some  way  from  any  syenite  is  still  so  great  as  to 
suggest  that  it  may  have  been  produced  by  igneous  masses  which, 

*  Description,  vol.  i.  p.  327. 
f  The  section  given  by  Macculloch  (Description,  pi.  xiv.  fig.  2)  of  the  northern 

coast-line  of  Loch  Eishort  bears  at  best  but  a  remote  resemblance  to  nature. 
The  long  ridges  of  marble,  which  he  there  inserts,  have  no  existence  ;  and  the 
vast  tract  of  syenite,  represented  as  stretching  away  eastward  across  the  red  sand- 

stone, is  equally  imaginary. 
Another  section  {ibid.  pi.  xviii.  fig.  3),  explanatory  of  the  occurrence  of  the 

marble,  cannot  be  passed  over  without  comment.  It  is  entitled  a  "  Sketch  of  the 
relative  position  of  the  marble  and  shelly  limestone  at  Kilbride."  Now  it  so 
happens  that  at  Kilbride  there  is  no  shelly  limestone.  The  whole  district  is  one  of 
crystalline  marble,  except  at  the  roots  of  Beinn  Dhearg,  where  the  shales  already 
described  occur.  Nor  is  there,  that  I  am  aware,  either  at  Kilbride  or  anywhere 
else  in  Strath,  such  a  thing  as  a  mass  of  marble  intercalated  with  shelly  limestone 
in  the  way  shown  in  this  section.  He  observes  that  "  these  circumstances  are 
all  much  more  obvious  in  nature  than  in  the  sketch."  Yet  I  have  very  carefully 
gone  over  the  whole  of  that  locality  without  discovering  where  the  sketch  was 
taken,  or  what  appearances  it  was  intended  to  represent.  The  only  passage  of 
marble  into  shellyjlimestone  is  that  noticed  above  ;  but  the  repeated  intercalation 
of  the  one  rock  with  the  other,  so  very  obvious  in  the  sketch,  is  not  observable 
in  nature. 
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having  never  reached  the  surface,  may  be  the  underground  prolon- 
gations of  the  hills  now  visible.  The  minor  protrusions  of  syenite 

seen  in  various  parts  of  the  metamorphic  region  seem  to  favour  this 

supposition*. 
I  should  leave  my  notice  of  the  metamorphism  of  Strath  incom- 

plete were  I  to  omit  mention  of  the  fact  that,  as  the  basalt-dykes 
were  erupted  previous  to  the  syenite,  they  must  have  suffered  from 
the  general  baking  of  the  rocks.  The  dykes  of  the  altered  area  are 

perhaps  harder  and  closer-grained  than  those  among  the  unaltered 
strata.  But  I  confess  that  the  great  variety  in  the  texture  of  the 
basalt-dykes,  as  a  whole,  renders  it  difficult,  if  not  impossible,  to  esta- 

blish any  distinction  among  them. 
Faults. — The  faults  of  the  district  are  not  very  numerous,  nor  do 

they  merit  special  remark.  Their  general  strike  is  northerly,  vary- 
ing a  few  degrees  east  or  west ;  the  details  of  several  have  been  given 

above,  and  for  the  others  I  must  be  permitted  to  refer  to  the  accom- 
panying map  and  sections  (PL  I.). 

Conclusion. — I  have  thus  gone  over  what  seemed  most  worthy  of 
notice  in  the  geology  of  Strath,  and,  in  conclusion,  will  now  briefly 
sum  up  these  scattered  facts,  that  the  general  bearings  of  this  paper 
upon  Hebridean  geology  may  be  distinctly  seen. 

The  old  basement-rock  upon  which  the  various  changes  described 
took  place,  is  the  Red  Sandstone  of  Sleat.  As  it  has  never  yielded 
any  fossils,  its  age  is  still  matter  of  doubt.  It  can  scarcely  be 
Old  Red  Sandstone ;  possibly  it  is  Silurian,  or  one  of  the  later  de- 

posits of  the  gneissic  series,  for  it  graduates  southwards  into  the 
schists  of  the  Sleat  hills.  The  geological  history  of  Strath  accord- 

ingly opens  among  the  records  of  a  venerable  antiquity.  But  here  a 
great  gap  occurs  in  its  chronology.  The  district  contains  no  me- 

morials of  palaeozoic  life ;  and  thus,  while  other  parts  of  Scotland  had 
successively  their  land  and  sea  of  the  Old  Red  Sandstone,  Carboni- 

ferous, and  Permian  periods,  the  old  grey  hills  of  Skye  seern  to  have 
remained  unchanged. 

After  the  lapse  of  long  centuries,  the  Red  Sandstone,  shattered  and 
broken,  slowly  sank  beneath  an  ocean  in  which  Ammonites,  Belemnites, 
and  Gryphcece  began  to  appear.  The  margin  of  the  foundering  land  was 
first  fringed  with  a  band  of  conglomerate  as  the  waves  broke  against 
the  clifTs,  while  greenish  sand  accumulated  farther  from  the  shore. 
In  deeper  and  stiller  water  the  peculiar  organisms  of  the  Lias  began 
to  abound  ;  seams  of  limestone  were  slowly  aggregated,  and,  at  least 
at  one  spot,  a  reef  of  massive  IsastrcEce  gleamed  white  beneath  the 
waves.  The  growth  of  these  corals  was  suddenly  arrested  by  the 
inroad  of  a  large  amount  of  muddy  sediment,  which  silted  up  around 
them,  and  insinuated  itself  into  their  minutest  crevice.  By  degrees 
the  waters  became  clear,  organisms  began  once  more  to  swarm,  but 
the  Isastrcea  had  perished  for  ever.  Beds  of  limestone,  occasionally 
checked  by  irruptions  of  argillaceous  matter  brought  by  the  shifting 
currents,  were  gradually  elaborated  ;  and  when  they  had  attained  a 

*  I  find  that  Macculloch  throws  out  a  similar  conjecture  (Description,  vol.  i. 
p.  333). 
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thickness  of  fully  150  feet,  the  series  was  suddenly  brought  to  a 
close  by  a  protracted  accumulation  of  sandy  mud,  abounding  in 
Gryphcece,  which  now  forms  the  shale-reefs  of  Obe  Breakish.  This 
muddy  sediment  had  ceased  to  darken  the  water,  and  the  abundance 

of  animal  life  had  spread  a  limy  floor  below  the  sea,  when,  like  a  pre- 
monitory symptom  of  the  changes  of  after-times,  the  long  ridge  of 

Beinn  Shuardail  was  upheaved.  Its  summit,  exposed  to  the  dash  of 
the  waves,  was  ere  long  bared  of  the  capping  of  lias-beds  under  which 
it  rose,  and  fragments  of  limestone,  red  sandstone,  and  quartz-rock, 
some  well-rounded,  others  sharp  and  angular,  rolled  down  the  sides 
to  form  the  limestone-breccia  already  described.  The  reef,  wasted 
by  the  surf,  began  at  length  to  sink  together  with  the  surrounding 
ocean-bottom.  Limestones  formed  over  its  site,  many  of  them  richly 
charged  with  the  characteristic  organisms  of  the  Lias,  and  often 
seamed  with  thin  courses  of  shale.  And  when  they  had  attained  a 

depth  of  not  less  than  200  feet,  a  change  in  the  direction  of  the  cur- 
rents, or  some  other  modifying  cause,  brought  the  calcareous  series 

to  an  end.  Dark  sandy  mud  settled  down  on  the  floor  of  the  sea, 
entombing  in  rich  profusion  the  remains  of  Ammonites,  Belemnites, 
Pectines,  Giyphcea:,  Pinnce,  Pentacrinites,  and  many  others.  The 
thickness  attained  by  these  argillaceous  deposits  fully  doubled  that 
of  all  the  preceding  beds,  and  my  excursions  have  not  yet  carried  me 
further  than  the  shales  of  Scalpa,  which  are  not  probably  the  close 
of  the  series.  These  latter  strata  seem  to  be  the  equivalents  of  the 
Marlstone  of  England.  It  remains  as  the  labour  of  future  years  to 
carry  on  this  history  through  the  Upper  Lias  and  Lower  and  Middle 
Oolites  that  fringe  the  eastern  shores  of  Skye,  as  far  as  its  most 

northern  promontory — the  pillared  cliffs  of  Duntulm. 
The  next  point  in  the  geology  of  Strath  to  which  the  evidence 

conducts  us,  is  the  eruption  of  the  igneous  rocks.  I  have  said  that 
there  is  nothing  in  the  district  itself  to  indicate  how  long  after  the 

deposition  of  the  Scalpa-shales  the  first  of  these  eruptions  took  place. 
That  is  a  question  which  a  careful  examination  of  the  northern  part 
of  the  island  may  do  much  to  solve.  Meanwhile  we  are  in  posses- 

sion of  some  important  facts  in  the  history  of  the  igneous  eruptions 
of  the  Hebrides.  The  district  of  Strath  affords  convincing  evidence 
that  at  a  period  posterior  to  the  Middle  Lias,  there  was  an  extensive 
outburst  of  basalt,  which,  in  the  form  of  dykes,  penetrated  the  liassic 
strata  throughout  their  entire  area,  without,  however,  effecting  any 
marked  alteration  of  them  ;  that  at  a  subsequent  time  a  tract  of 
syenite  fully  forty  square  miles  in  extent,  along  with  several  minor 
masses,  broke  through  the  beds,  tilting  them  on  end,  and  producing 
in  them  a  widely  diffused  and  complete  metamorphism  ;  and  that 
at  a  still  later  period  a  series  of  syenitic  and  greenstone  eruptions 
forced  their  way  among  the  limestones  and  shales,  not,  however,  tilt- 

ing them,  nor  giving  rise  to  any  extraordinary  amount  of  alteration. 
Future  labours  in  other  parts  of  Skye,  and  among  other  islands 

of  the  Hebrides,  will  probably  throw  much  light  on  the  history 
and  age  of  these  volcanic  rocks.  The  Western  Islands,  unquestion- 

ably, must  have  been  the  seat  of  powerful  igneous  action  during  the 
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later  secondary  or  earlier  tertiary  epochs  ;  and  I  am  much  inclined 
to  think  that  some  of  the  later  felspathic  ashes  and  basalts  which 
dot  the  mainland,  together  perhaps  with  not  a  few  of  the  great 
parallel  faults  and  dykes,  may  belong  to  this  volcanic  era.  A 
thorough  examination  of  these  islands  cannot  fail,  therefore,  to  elicit 
much  truth  as  to  some  obscure  points  in  the  physical  history  of 
Scotland. 

Of  the  geology  of  Strath,  however,  there  is  one  branch  that 
seems  to  be  complete  in  itself,  whereon  we  can  expect  little  light 
to  be  thrown  from  other  districts.  I  allude  to  what  is  certainly 
its  most  characteristic  feature — the  metamorphism  of  the  lias- 
limestone.  Strath  may  be  surpassed  by  other  localities  among  the 
Western  Islands  in  the  preservation  and  number  of  its  organic  re- 

mains ;  but  I  despair  of  meeting  with  a  more  striking  example  of 
metamorphism.  The  igneous  rocks  of  this  parish,  with  their  va- 

rieties of  kind  and  form,  and  their  effects  on  the  surrounding  strata, 
impart  to  it  an  interest  all  its  own. 

Notes  to  the  Map  and  Sections :  Plate  I. 

The  accompanying  Map  has  been  taken  partly  from  that  of  Dr. 
Macculloch,  partly  from  the  Charts  of  the  Admiralty  Survey,  of 
which  a  tracing  was  kindly  sent  me  by  Captain  Wood,  R.N.,  Kyle, 
and  partly  from  bearings  with  the  azimuth-compass.  It  is  far  from 
being  accurate ;  yet  the  errors  are  not  probably  so  material  as  to 
affect  to  any  considerable  extent  the  general  bearings  of  the  geolo- 

gical lines. 
With  regard  to  the  geological  part  of  the  Map,  there  is  but  one  re- 

mark needed  here.  The  irregular  bulging  hill  of  Creag  an  fithick, 
south  of  Beinn  Dhearg,  is  coloured  (in  the  original)  like  the  syenite,  but 
of  a  fainter  tint.  The  rock  has  puzzled  me  not  a  little.  Sometimes 
it  seemed  like  an  earthy  greenstone,  sometimes  like  a  felspathic  por- 

phyry ;  at  some  points  it  assumed  many  of  the  characteristics  of  an 
ash  or  tufa,  with  fragments  of  altered  shale ;  at  others  it  approached 
in  texture  and  general  appearance  the  syenite  of  the  contiguous  hills. 
It  is  likely  that  there  may  be  several  kinds  of  igneous  rock  in  the 
series  of  lumpy  knolls  from  Kilbride  north-eastward,  but  I  was 
unable  to  separate  them  out,  and  I  have  coloured  the  whole  as  one 
mass.  It  is  by  no  means  easy  to  ascertain  to  what  age  these  rocks 
belong  ;  they  seem  to  have  come  up  in  the  rent  formed  by  the  dis- 

ruptive syenite  of  Beinn  Dhearg,  and  to  have  flowed  over  atop.  But 
it  would  be  rash  at  present  to  hazard  any  conjecture  regarding  them. 

[The  lines  of  sections,  with  roman  numerals,  on  the  Map,  fig.  1, 
refer  to  the  MS.  Sections.] 

The  Sections  are  drawn  on  the  scale  of  1  inch  to  the  mile,  except 
with  regard  to  the  height  above  the  sea-level,  which  in  most  cases 
has  had  to  be  exaggerated.  [In  fig.  8  the  syenite  has  been  lessened 
in  height.]  The  upper  horizontal  line  in  each  of  the  Sections  marks 
the  sea-level,  and  the  space  between  that  line  and  the  lower  one  re- 

presents a  thousand  feet  of  vertical  depth. 
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Notes  on  the  Fossils  collected  by  Mr.  Geikie  from  the  Lias 
of  the  Isles  of  Pabba,  Scalpa,  and  Skye.  Bv  Thomas 
Wright,  M.D.,  F.R.S.E. 

At  the  request  of  my  friend  Professor  Ramsay  I  made  an  exami- 
nation of  the  fossils  collected  last  summer  by  Mr.  Geikie  from  the 

Lias  of  Pabba,  Scalpa,  and  Strath ;  first,  for  the  purpose  of  deter- 
mining the  species  to  which  they  belonged  ;  and,  secondly,  to  assign 

the  subdivisions  of  the  formation  which  they  characterized. 
Previous  to  laying  before  the  Geological  Society  my  notes  on  the 

different  species  contained  in  this  interesting  collection,  it  is  neces- 
sary that  I  should  premise  a  few  remarks  on  the  classification  of  the 

Lias,  in  order  that  I  may  rigorously  define  the  portion  of  the  for- 
mation I  include  in  the  term  middle  ;  so  that  the  true  stratigraphical 

position  of  the  beds  which  yielded  these  organisms  may  be  fixed 
with  certainty. 

English  authors  in  general  divide  the  Lias  into  Upper  Lias,  Marl- 
stone,  and  Lower  Lias  ;  but  these  subdivisions  require  additions  and 
modifications  in  order  to  place  our  liassic  beds  in  correlation  with 
those  of  French  and  German  authors.  For  on  the  Upper  Lias 
clays  are  superimposed  beds,  which,  previously  to  the  publication  of 

my  memoir  on  the  "Upper  Lias  Sands"*,  were  grouped  with  the 
Inferior  Oolite ;  and  with  the  Lower  Lias  are  placed  several  beds 
which,  with  the  Marlstone,  constitute  the  Middle  Lias  of  the  Con- 

tinental authors. 

Taking  the  Lias-beds  as  they  occur  in  Gloucestershire,  in  descend- 
ing order,  and  naming  each  bed  by  the  species  of  Ammonite  which 

characterizes  it,  we  find  the  series  tabulated  at  p.  25,  which  is  nearly 
the  equivalent  of  the  Lias-beds  of  Germany  so  well  described  by 

Dr.  Oppel  in  his  valuable  work  now  passing  through  the  press,  "  Die 
Jura-Formation,  &c."  In  the  following  Table  (p.  25)  a  comparative 
view  is  exhibited  of  the  subdivisions  of  the  Lias,  according  to  Prof. 

Quenstedt,  Dr.  Oppel,  the  late  A.  d'Orbigny,  and  Sir  Roderick  Mur- chison. 

The  following  list  contains  the  most  characteristic  species  of  Mol- 
lusca  and  Radiata  of  the  Middle  Lias  of  Gloucestershire,  and  is  given 

for  the  purpose  of  indicating  the  age  of  the  Pabba-shales,  by  a  com- 
parison of  the  respective  fossils. 

Belemnites  paxillosus,  Schloth.  Ammonites  Henleyi,  Sow. 

  elongatus,  Miller.    ibex,  Querist.  (Boblayei,  d'Orb.) 
  clavatus,  Schloth.    bipunctatus,i?oem.  (Valdani,rf'0.) 
  compressus,  Stahl.    Loscombi,  Sow. 
  longissimus,  Miller.  -   capricornus,  Schloth.  (maculatus, 
  breviformis,  Ziet.  Y.  d$f  B.) 
Nautilus  intermedius,  Sow.    Jamesoni,  Sow. 
Ammonites  spinatus,  Brug.    Davcei,  Sow. 

  margaritatus,  Montf.    Maugenesti,  d'Orb. 
  Normanianus,  d'Orb.    Taylori,  Sow. 
  beterophyllus  (amaltheus),  Querist.       Centaurus,  d'Orb. 
  fimbriatus,  Sow.  Chemnitzia  undulata,  d'Orb. [Continued  at  p.  26. j 

*  Quarterly  Journal  of  the  Geological  Society,  vol.  xii.  p.  292. 
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[Continued  from  p.  24.] 

Trochus  imbricatus,  Soiv. 
Pleurotoraaria  expansa,  Sow. 
  concava,  Wright,  n.  sp. 
  Anglica,  Sow. 
Rotella  compressa,  Sow. 
  polita,  Bronn. 
Dentalium  giganteum,  Phil. 
Gryphasa  cymbium,  Lamk. 
  gigantea,  Sow. 
Pholadomya  ambigua,  Sow. 
  decorata,  Hartm. 
Pleuromya  unioides,  Roemer. 
Panopaea  elongata,  Roemer. 
Mytilus  (Cypricardia  ?)  hippocampus, 

Young  8f  Bird. 
  cuneatus,  Sow. 
Cypricardia  cucullata,  Goldf. 
Cardinia  attenuata,  Stutchb. 
Cardium  acutangulum,  Phil. 
  truncatum,  Sow. 
Unicardium  cardioides,  Phil.  (Ianthe, d'Orb.) 
Area  Buckmanni,  

Richard. 
  truncata,  Buckm. 
Pinna  folium,  Young  8f  Bird. 
Lima  Hermanni,  Ziet. 
Limea  acuticosta,  Goldf. 
Avicula  cygnipes,  Young  Sf  Bird. 
  inaequivalvis,  Sow. 
  longiaxis,  Buckm. 
Inoceramus  ventricosus,  Sow. 
Pecten  aequivalvis,  Sow. 
  sublaevis,  Phil. 

Pecten  corneus,  Goldf.  (non  Sow.) 
  velatus,  Goldf. 
Plicatula  spinosa,  Sow. 
Gervillia  laevis,  Buckm. 
Goniomya,  2  sp. 
Homomya,  sp. 
Gresslya,  3  sp. 
Astarte,  2  sp. 

Leda  complanata,  Goldf. 
  ,  n.  sp.  allied  to  L.  lachryma,  Qu. 
Terebratula  cornuta,  Sow. 
  Edwardsi,  Davids. 
  resupinata,  Sow. 
  punctata,  Sow. 
  subpunctata,  Davids. 
  numismalis,  Lamk. 
  subovoides,  Roemer. 
Spirifer  rostratus,  Schloth. 
Rhynchonella  variabilis,  Schloth. 
  rimosa,  V.  Buch. 
  tetrahedra,  Sow. 
  acuta,  Sow. 

Cidaris  Edwardsii,  Wright. 
Hemipedina  Bowerbankii,  Wright. 
Acrosalenia  crinifera,  Quenst. 
Ophioderma  Gaveyi,  Wright. 
Tropidaster  pectinatus,  Forbes. 
Uraster  Gaveyi,  Forbes. 
Pentacrinus  robustus,  Wright. 
  basaltiformis,  Miller. 
•         punctiferus,  Quenst. 
  gracilis,  Charlesw. 

In  the  above  list  I  have  only  enumerated  the  most  characteristic 
species,  as  there  are  many  undescribed  forms  of  Gasteropoda  and 
Conchifera  in  the  Middle  Lias  of  Gloucestershire  which  cannot  be 
cited  in  this  paper. 

List  of  the  Liassic  Fossils  collected  by  Mr.  Geikie  in  Skye. 

Belemnites  elongatus.    Pabba. 
  paxillosus.     Pabba. 
  breviformis.     Pabba. 
Ammonites  Jamesoni.     Pabba. 

  brevispina.     Pabba. 
  Davcei.     Pabba. 
Trochus  imbricatus.     Pabba. 
Pholadomya  ambigua.     Pabba. 
Pleuromya  Scottica,  n.  s.     Pabba. 
  unioides.     Pabba. 
Cardinia  concinna.     Lussay. 
Avicula,  sp.     Scalpa. 
Unicardium  cardioides.     Pabba. 
Pinna  folium.     Pabba. 
Mytilus  cuneatus.     Pabba. 
Lima  gigantea.     Pabba. 

Lima  Hermanni.     Pabba. 
Limea  acuticosta.     Pabba. 
Inoceramus  ventricosus.     Pabba. 
Pecten  aequivalvis.     Pabba  and  Scalpa. 
  ,  sp. 

Plicatula  spinosa.     Pabba. 
Gervillia  Maccullochii,  n.  s.     Pabba. 
Gryphaea  cymbium.     Pabba. 
  obliquata.     Pabba. 
Ostraea  arietis.     Lussay. 
  ,  sp.     Lussay. 
Rhynchonella  tetrahedra.     Pabba. 
Pentacrinus  robustus,  n.  s.     Pabba. 
  gracilis.     Pabba. 
Isastraea  Murchisoni,  n.  s.     Lussay. 
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Belemnites  elongattjs,  Miller,  1823. 

Belemnites  elongatus,  Miller,  Trans.  Geol.  Soc.  2nd  Series,  vol.  ii. 

t.  7.  f.  6-8  ;  Sowerby,  Mineral  Conchology,  t.  590.  f.  1  ;  DeBlain- 
ville,  Memoire  sur  les  Belemnites,  pi.  4.  f.  6. 

Belemnites  paxillosus,  numismalis,  Quenstedt,  1848,  Cephalopoda, 
t.  23.  f.  21,  22. 

This  species  is  fonnd  in  the  Middle  Lias  at  Charmouth  from  the 
bed  with  Ammonites  Jamesoni,  Sow.,  to  that  with  Ammonites  Davoei, 
Sow.  It  was  collected  in  Crick  Tunnel,  near  Daventry,  and  is  also 
found  in  the  lower  beds  of  the  Middle  Lias,  with  Terebratula  numis- 

malis, Lamk.,  at  Cheltenham.  Two  specimens  have  been  collected 
from  the  Pabba  shales ;  although  only  6  inches  in  length,  they  are 
good  type-forms  of  this  species.  In  France  it  is  found  in  the  Middle 
Lias  in  twelve  different  Departments,  and  in  Wurtemberg  it  forms 

a  characteristic  fossil  of  the  Lias  y.  of  Quenstedt,  and  "  der  mittlere 
Lias"  of  Dr.  Oppel. 

Belemnites  paxillosus,  Schlotheim,  1820. 

Belemnites  paxillosus,  Schlotheim,  die  Petrefactenkunde,  p.  46. 

  Bruguierianus,  d'Orbignv,  Pal.  Franc.  Terrains  Jurassiques, 
pi.  7.  f.  1-5. 
  paxillosus  amalthei,  Quenstedt,  Cephalopoda,  t.  24.  f.  4. 

Three  specimens  of  this  species  were  collected  from  the  Middle 
Lias  shales  of  Pabba,  but  the  distinct  horizon  in  which  they  occur 
has  not  been  noted.  In  Gloucestershire  it  is  found  in  the  Marl- 
stone  with  Ammonites  margaritatus,  Montf.,  and  in  the  same  rock 
at  South  Petherton  with  that  Ammonite.  In  France  it  has  been 

collected  from  the  same  horizon ;  and  in  Southern  Germany,  Dr. 
Oppel  says  it  is  one  of  the  most  widely  distributed  species  of  the 
Margaritatus-bed. 

Belemnites  breviformis,  Zieten,  1831. 

Belemnites  breviformis,  Zieten,  die  Versteinerungen  Wurttem- 
bergs,  t.  21.  f.  7. 
  breviformis  amalthei,  Quenstedt,  Cephalopoda,  t.  24.  f.  21- 

23,  1848. 

There  is  only  one  specimen  of  this  Belemnite  in  the  collection. 
This  species  is  found  in  the  Marlstone  of  Gloucestershire,  and  in 
the  Lias  d.  of  Quenstedt,  with  Ammonites  spinatus,  Brug. 

Ammonites  Jamesoni,  Sow.,  1827. 

Ammonites  Jamesoni,  Sowerby,  Mineral  Conchology,  pi.  555.  f.  1. 
   Bronni,   Romer,   die  Versteinerungen  des  Norddeutschen 

Ooliten-Gebirges,  t.  12.  f.  8,  1836. 

   Regnardi,  d'Orbigny,  Paleont.  Francaise,  Ter.  Juras.  t.  72. 
  Jamesoni,  angustus,  Quenstedt,  Cephalopoda,  t.  4.  f.  8,  1845. 
  Jamesoni,  latus,  Quenstedt,  Cephalopoda,  t.  4.  f.  L 
  Jamesoni,  Quenstedt,  der  Jura,  t.  15.  f.  1-5  ;  Oppel,  Mittl. 

Lias  Schwabens,  p.  38  ;  die  Juraformation,  p.  159. 
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The  original  type  of  this  species  was  collected  by  Sir  Roderick 
Murchison  in  the  Isle  of  Mull.  There  are  several  fragments  in  the 
collection,  one  showing  the  inner  and  larger  whorls,  in  situ,  from 
which  we  learn  that  up  to  the  third  whorl  the  ribs  are  fine  and  nu- 

merous, about  56  in  a  whorl ;  in  the  fourth  whorl  they  are  further 
apart ;  in  the  fifth  whorl  they  become  more  prominent,  are  directed 
obliquely  forwards,  and  as  they  pass  over  the  dorsal  surface  they 
form  an  arch,  the  convexity  of  which  is  towards  the  mouth  of  the 
shell. 

This  appears  to  be  the  most  abundant  species  in  the  Pabba-shales, 
as  there  are  several  specimens  of  different  ages  in  the  collection  ;  the 
largest  specimen  measures  6  inches  in  diameter.  Compared  with 

Sowerby's  figure  (Min.  Conch,  pi.  555.  f.  1),  the  lateral  ribs  in  the 
specimens  from  Pabba  are  less  flexed,  the  second  whorl  is  dispro- 

portionately small,  and  the  ribs  are  closer  together. 
Ammonites  Jamesoni,  Sow.,  is  found  in  the  Middle  Lias  near 

Charmouth,  and  in  the  grey  shaly  clays  of  the  same  zone  at  Robin 

Hood's  Bay,  Yorkshire  coast ;  I  have  obtained  only  three  specimens in  the  lower  beds  of  the  Middle  Lias  near  Cheltenham. 

This  Ammonite  is  found  in  the  lower  part  of  the  Middle  Lias  of 
Swabia,  in  many  localities,  as  at  Pliensbach  by  Boll,  at  Sondel- 
fingen,  Hechingen,  Balingen,  &c.  The  German  specimens  are  mostly 
fragments.  In  France  it  is  found  in  the  same  region  of  the  Middle 
Lias  at  Saint  Amand  (Cher)  and  Evrecy  (Calvados).  As  the  rib- 

bing of  the  shell  varies  at  different  periods  of  its  growth,  such  varieties 
have  been  supposed  to  constitute  distinct  species.  The  Ammonites 

Regnardi,  d'Orb.,  and  the  Ammonites  Bronni,  Roemer,  are  but  dif- 
ferent states  of  this  very  characteristic  Ammonite  from  the  lower 

region  of  the  Middle  Lias. 

Ammonites  brevispina,  Sowerby,  1827- 

Ammonites  brevispina,  Sowerby,  Mineral  Conchology,  t.  556.  f.  2. 
  natrix,  Zieten,  die  Verstein.  Wiirttemb.  t.  4.f.  5,  1830. 
    natrix,    rotundatus,   Quenstedt,    Cephalopoda,  t.  4.  f.  17, 

1845. 

Sowerby's  text  and  the  numbers  of  pi.  556  do  not  agree  ;  this 
mistake  will  mislead  the  reader,  unless  he  is  acquainted  with  the  two 

Ammonites  figured  in  that  plate.  Figure  1  represents  Amm.  brevi- 
spina, Sow.,  and  Figure  2,  Amm.  laticostatus,  Sow.,  as  stated  in  the 

description.  On  comparing  the  fragment  of  this  species  from  the 
Pabba-shales  with  A.  natrix,  Zieten,  from  the  Middle  Lias  of  Balin- 

gen (Swabia),  I  find  them  to  be  identical ;  the  spines  near  the  inner 
edge  of  the  whorl  are  nearly  obsolete,  those  towards  the  back  are  short 
well-developed  processes,  and  are  well  characterized  by  the  specific 
name  brevispina.  The  type-specimen  of  this  Ammonite  was  collected 
at  Pabba  by  Sir  Roderick  Murchison,  with  which  the  fragment  before 
me  entirely  agrees.  It  is  found  likewise  in  the  lower  shales  (Middle 

Lias)  of  Robin  Hood's  Bay  with  Amm.  Jamesoni,  Sow. 
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Ammonites  Davcei,  Sowerby,  1822. 

Ammonites  Davcei,  Sowerby,  Mineral  Conchology,  t.  350  ;  d'Orb. 
Paleontol.  Francaise,  Terr.  Jurassiques,  t.  81,  1844;  Quenstedt, 
Cephalopoda,  t.  5.  f.  6. 

The  only  specimen  of  this  Ammonite  contained  in  the  collection 
has  the  shell  tolerably  well  preserved  ;  the  fine  irregular  layers  of 
growth  which  impart  a  wrinkled  appearance  to  the  whorls,  with  the 
few  distinct  tubercles,  from  ten  to  twelve  in  a  whorl,  placed  on  its 
outer  border,  serve  to  distinguish  this  species  from  Amm.  armatus, 
Sow.,  and  Amm.  subarmatus,  Sow.,  with  which  it  might  be  con- 
founded. 

Ammonites  Davcei,  Sow.,  is  found  at  Charmouth  in  the  upper 
region  of  the  Middle  Lias ;  in  Gloucestershire  I  have  a  specimen 
collected  from  a  bank  of  clay  above  the  zone  of  Ammonites  ibex, 

Quenst.  {A.  Boblayei,  d'Orb.)  and  Amm.  bipunctatus,  Roem.  (A. 
Valdani,  d'Orb.).  In  Swabia  Dr.  Oppel  found  it  in  this  horizon 
near  Boll,  at  Fiizen  and  at  Randen.  D'Orbigny  gives  many  localities 
for  this  species  in  France,  where  it  is  proper  to  the  Middle  Lias, 

"bien  au-dessous  de  la  Gryphcea  cymbium.,> 

Trochus  imbricatus,  Sowerby,  1819. 

Trochus  imbricatus,  Sow.  Mineral  Conchology,  t.  272.  f.  3,  4. 

The  only  examples  of  this  species  are  two  interior  moulds,  from 
which  the  shell  is  entirely  denuded  ;  the  whorls  are  rather  more 

convex  than  the  type-forms  of  this  fossil  from  the  Middle  Lias  Clays 

near  Cheltenham,  from  whence  Sowerby' s  specimens  were  obtained. 

Pholadomya  ambigua,  Sowerby,  1819. 

Pholadomya  ambigua,  Sowerby,  Mineral  Conchology,  t.  227. 

The  two  specimens  of  this  shell  are  small,  about  2  inches  in  length ; 
but  they  agree  in  the  form  of  the  mould,  the  number  of  the  ribs,  and 
the  style  of  the  lines  of  growth,  with  true  forms  of  this  species  of 
the  same  size  found  in  the  Middle  Lias,  near  Cheltenham,  in  com- 

pany with  Ammonites  Henleyi,  Sow.,  Pleurotomaria  expansa,  Sow., 
Pecten  cequivalvis,  Sow.,  and  Modiola  scalprum,  Sow. 

Pleuromya  Scottica,  Wright,  nov.  sp. 

Shell  oval,  umbos  large,  prominent,  and  forming  conspicuous  re- 
curved projections,  the  points  of  which  extend  to  the  anterior  border; 

sides  much  inflated  below  the  umbos,  and  marked  with  numerous 
longitudinal  elevations  and  depressions ;  the  moulds  are  so  much 
distorted  that  neither  their  number  nor  the  true  form  of  the  shell 
can  be  ascertained. 

This  species  resembles  PI.  unioides,  Roem.,  in  the  longitudinal  ele- 
vations on  the  shell,  but  differs  from  it  in  having  the  curvature  of 

the  umbos  level  with  the  anterior  border,  instead  of  at  the  anterior 

third,  as  in  PI.  unioides.  The  forward  position  of  the  umbos  like- 
wise distinguishes  it  from  PI.  rostrata,  Agass. 
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Pleuromya  unioides,  Roemer,  1S36. 

Venus  unioides,  Roemer,  Norddeutschen  Oolit.  t.  8.  f.  6.  p.  109. 
Pleuromya  unioides,  Agassiz,  Etudes  Critiques,  Pleuromya,  p.  236. 

t.  27.  f.  9-13. 

The  single  specimen  before  me  from  the  Pabba-shales  so  closely 
resembles  the  same  species  from  the  Capricornus-bed  of  the  Middle 
Lias,  and  likewise  from  the  Margaritatus-bed  of  the  Marlstone,  that 
there  can  be  no  doubt  of  their  identity  ;  it  appears  to  be  rare  at 
Pabba. 

AviCULA,  Sp. 

In  a  fragment  from  Scalpa,  with  a  portion  of  Pecten  cequivalvis, 
there  is  the  interior  of  one  valve  of  an  Avicula ;  but  the  species  is 
indeterminable. 

Cardinia  concinna,  Sowerby,  1819. 

Unio  concinnus,  Sowerby,  Mineral  Conchology,  t.  223. 
Cardinia  concinna,  Agassiz,  Etudes  Critiques,  Myes,  1. 12.  f.  21,22. 

Six  valves  of  this  shell  lie  on  a  thin  slab  of  greenish  sandstone, 
which  came  from  beneath  the  coral-bed  at  Lussay ;  the  Cardinice 
are  mostly  in  the  form  of  moulds,  and  on  the  under  side  of  the  slab 
are  similar  impressions  of  the  same  shells. 

The  specimens  from  Lussay  agree  much  better  with  Agassiz' s 
than  with  Sowerby' s  figure.  In  Germany  this  species  characterizes 
the  lower  beds  of  the  Lower  Lias,  in  Wurtemberg.  In  France  it  is 
found  in  the  same  strata  in  the  Departments  of  Moselle  and  Cote 
d'Or. 

Unicardium  cardioides,  Phillips,  1839. 

Corbula  cardioides,  Phillips,  Geology  of  Yorkshire,  t.  14.  f.  12. 

The  single  valve  of  this  species  from  the  Pabba-shales  agrees  with 
the  type-forms  of  this  shell  found  in  such  abundance  in  the  shales  of 
the  Middle  Lias,  beneath  the  Marlstone  in  Gloucestershire,  and  in  the 

same  horizon  in  Robin  Hood's  Bay,  Yorkshire. 

Pinna  folium,  Young  and  Bird,  1822. 

Pinna  folium,  Young  and  Bird,  Geological  Survey  of  the  York- 
shire Coast,  t.  10.  f.  6. 

Pinna  inflata,  Chapuis  et  Dewalque,  Fossiles  Ter.  Second.  Luxem- 
bourg, t.  30.  f.  1; 

Several  specimens  of  this  species,  from  the  Pabba-shales,  are  in 
the  collection,  which  entirely  agree  with  the  Gloucestershire  examples 

of  the  same  shell,  and  with  those  from  Robin  Hood's  Bay,  Yorkshire. 

Mytilus  cuneatus,  Sowerby,  1821. 

Modiola  cuneata,  Sowerby,  Mineral  Conchology,  t.  248.  f.  2. 
Modiola  scalprum,  Phillips,  Geology  of  Yorkshire,  t.  14.  f.  2. 

The  three  specimens  of  this  Mussel  are  from  the  Pabba-shales ; 
they  are  small  imperfect  examples  of  the  species,  but  identical  with 
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the  Gloucestershire  forms  of  the  same  size  found  in  the  shales  of  the 

Middle  Lias,  and  in  the  Marlstone  of  that  county. 

Lima  gigantea,  Sowerby,  1814. 

Plagiostoma  giganteum,  Sow.  Mineral  Conchology,  t.  77  ;  Zieten, 
die  Versteinerungen  Wiirttembergs,  t.  51.  f.  1,  1830. 

Lima  gigantea,  Goldfuss,  Petrefact.  Germaniae,  t.  101.  f.  1,  1834. 

The  specimen  from  Pabba  agrees  so  well  with  the  small  smooth 
forms  of  this  species  found  in  the  Lower  Lias  of  Gloucestershire  and 
Lyme  Regis,  that  I  have  referred  it  to  L.  gigantea.  As  I  believe 
that  L.  gigantea  does  not  occur  in  the  Middle  Lias,  I  think  it  pro- 

bable that  this  specimen  was  obtained  from  some  of  the  lower  beds. 

Lima  Hermanni,  Zieten,  1838. 

Lima  Hermanni,  Zieten,  die  Verstein.  Wiirttemb.  t.  51.  f.  2. 

The  specimen  is  a  fragment,  but  the  large  ear,  the  flattened  shell, 
the  waved  ribs  with  wide  interspaces,  and  the  distinct  concentric 
layers  of  growth  are  sufficient  to  distinguish  this  fragment  from  its 
congeners.     It  was  collected  from  the  Pabba-shales. 

Limea  acuticosta,  Goldfuss,  1836. 

Limea  acuticosta,  Goldfuss,  Petrefact.  Germanias,  t.  107.  f.  8. 

Plagiostoma  acuticosta,  Quenstedt,  der  Jura,  t.  18.  f.  22-25. 

This  species  is  catalogued  in  Murchison's  Geology  of  Cheltenham 
as  Plagiostoma  duplicatum  ;  it  is  found  in  the  Marlstone  and  Middle 
Lias  shales  of  Gloucestershire.  It  is  collected  likewise  in  the  same 

zone  at  Robin  Hood's  Bay,  Yorkshire.  In  France  it  is  found  at 
Fontaine-Etoup-four,  Calvados,  in  the  Middle  Lias.  It  is  abundant 
in  the  Middle  Lias  of  Swabia.  The  two  characteristic  specimens  of 
this  shell  before  me,  contained  in  fossiliferous  nodules,  were  collected 
from  the  Pabba-shales. 

Inoceramus  ventricosus,  Sowerby,  1823. 

Crenatula  ventricosa,  Sowerby,  Mineral  Conchology,  t.  443. 
Inoceramus  nobilis,  Minister  in  Goldfuss,  Petr.  Germanise,  t.  109. 

f.  4. 

This  species  is  very  abundant  in  the  Middle  Lias  near  Cheltenham  ; 

a  solitary  specimen  from  the  Pabba-shales  agrees  entirely  with  our 
shells  ;  the  regular  undulations  on  the  sides,  and  the  general  con- 

tour of  the  mould,  are  identical  with  fossils  of  the  same  size  from 

Hewlett's  Road  near  that  town,  where  it  occurs  with  Ammonites 
Henleyi,  Sow.  At  Charmouth,  Dorset,  Dr.  Oppel  collected  it  with 
Ammonites  Davcei,  Sow. 

Pecten  jEQuivalvis,  Sowerby,  1818. 

Pecten  cequivalvis,  Sowerby,  Mineral  Conchology,  t.  136.  f.  1. 

The  specimens  of  this  species  from  the  Pabba-shales  are  small  and 
mostly  in  the  state  of  moulds.     There  is  one  large  compressed  shell 
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from  Scalpa  identical  in  size  with  the  same  species  found  in  the 
Marlstone  of  Gloucestershire.  The  beds  at  Scalpa  have  been  sup- 

posed to  be  Inferior  Oolite  ;  but  the  presence  of  Pecten  cequivalvis, 
of  large  size,  in  them  is  against  that  opinion.  The  fewness  of  the 
specimens  collected  at  Scalpa,  added  to  the  bad  state  of  preservation 
of  those  found,  make  it  a  desideratum  that  these  beds  should  be 
worked  with  the  view  of  clearing  away  the  doubt.  Looking  at  Mr. 

Geikie's  sections,  and  comparing  them  with  the  section  which  ac- 
companies Sir  Roderick  Murchison's  paper  on  the  Oolitic  Rocks  of 

Sutherland,  Ross,  and  the  Hebrides*,  I  am  disposed  to  think  that  the 
geologist  would  be  rewarded  by  the  discovery  of  both  Marlstone, 
Upper  Lias,  and  Inferior  Oolite  in  the  Island  of  Scalpa. 

Pecten,  nov.  sp. 

This  specimen  is  distinct  from  all  the  other  Middle  Lias  Pectines ; 

but,  as  it  is  only  an  imperfect  mould,  it  is  impossible  to  give  a  dia- 
gnosis of  the  species. 

Plicatula  spinosa,  Sowerby. 

Plicatula  spinosa,  Sowerby,  Mineral  Conchology,  t.  245.  f.  1-4  ; 
Goldfuss,  Petrefacta  Germanise,  t.  107.  f.  1. 

This  species  is  a  very  common  shell  in  the  Middle  Lias  of  England, 
France,  and  Germany,  and  is  found  in  the  Pabba-shales.  The  spe- 

cimens from  Pabba  measure  -f^-ths  of  an  inch  in  height. 

Gervillia  Maccullochii,  Wright,  nov.  sp. 

Shell  large,  oblong,  equivalved ;  moderately  thick  anteriorly,  and 
thin  posteriorly ;  umbos  acute,  extending  to  the  extreme  limit  of 
the  anterior  border ;  hinge-margin  straight,  about  3  inches  long ; 
anterior  auricle  absent ;  posterior  long,  wing-like,  but  imperfectly 
preserved ;  folds  of  growth  irregular,  and  strongly  marked  on  the 
mould  ;  a  prominent  carina  passes  in  an  oblique  direction,  from  the 
middle  of  the  left  valve  towards  the  posterior  border  ;  inferior  border 
very  convex,  which  gives  an  unusual  height  to  the  shell ;  anterior 
border  oblique,  but  nearly  straight. 

Dimensions.  —  Length  5^  inches  ;  height  2|  inches  ;  thickness 
1^  inch. 

This  fine  specimen,  which  is  unfortunately  broken,  was  collected 
from  the  Pabba-shales  (Middle  Lias).  A  portion  of  the  posterior 
wing  and  of  the  convex  lower  border  are  absent,  so  that  my  mea- 

surements are  only  approximately  true.  The  diagnosis,  however, 
will  enable  palaeontologists  to  distinguish  this  Gervillia,  which  is  the 
largest  species  yet  found  in  the  Lias ;  the  height  of  the  shell,  the 
flatness  of  the  valves,  the  straightness  of  the  anterior  border,  the 
acuteness  of  the  umbos,  and  the  convexity  of  the  inferior  border  di- 

stinguish it  from  G.  lata,  Phil.  The  size  of  the  shell,  the  straight- 
ness of  the  hinge-margin,  and  the  irregular  marking  of  the  lines  of 

growth  distinguish  it  from  G.  Icevis,  Buckm.,  which  is  found  in  the 

*  Trans.  Geol.  Soc.  2nd  series,  vol.  ii.  p.  353. 
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Middle  Lias  near  Cheltenham  ;   with  G.  crassa,  Buckm.,  from  the 
Lower  Lias,  it  has  no  affinities  whatever. 

I  dedicate  this  fine  species  to  the  memory  of  Dr.  Macculloch,  to 
whom  we  are  indebted  for  much  valuable  information  on  the  geology 
of  the  Western  Islands  of  Scotland.  I  am  the  more  desirous  of  con- 

necting that  eminent  geologist's  name  with  the  Pabba-beds,  seeing 
that  the  Gryphcea  dedicated  to  him  proves  to  be  a  previously- 
described  species. 

Gryphcea  cymbium,  Lamarck,  1816. 

Gryphcea  cymbium,  Lamarck,  Animaux  sans  Vertebres,  vol.  vi. 
p.  198  ;  Goldfuss,  Petrefacta  Germanise,  t.  84.  f .  5  ;  t.  85. 

Gryphcea  Maccullochii,  Sowerby,  Mineral  Conchology,  t.  547. 
f.  1,  2,  3. 

This  species  has  long  been  misunderstood  by  English  palaeontolo- 
gists, as  it  is  not  an  abundant  shell  in  England  ;  I  have  collected  it, 

with  Ammonites  Henleyi,  Sow.,  at  Charlton  near  Cheltenham,  and 
I  have  received  specimens  from  near  South  Petherton.  The  shells 
collected  by  Mr.  Geikie  from  the  Pabba-shales  enable  me  to  clear 
up  a  doubt  which  has  long  existed  relative  to  Gryphcea  Maccullochii, 

Sow.,  being  a  variety  of  Gryphcea  obliquata,  Sow. ;  for  these  speci- 

mens, collected,  like  the  types  of  Sowerby' s  species,  from  the  Lias 
at  Pabba,  enable  me  to  state  that  Gryphcea  Maccullochii,  Sow.,  from 
Pabba  is  the  true  Gryphcea  cymbium,  Lamk. 

One  of  the  Pabba  specimens  represents  Goldfuss'  var.  y,  dilatata  ; 
it  is  3|  inches  in  height  by  3  inches  in  breadth ;  other  examples 

nearly  agree  with  Sowerby's  figures  2  and  3.  t.  547.  In  Gloucester- 
shire this  Gryphcea  is  found  in  general  in  the  Middle  Lias  Clay ;  but 

in  Yorkshire  it  occurs  in  the  Marlstone. 

In  France  it  attains  a  very  large  size,  and  is  collected  in  several 
Departments  from  the  upper  region  of  the  Middle  Lias  with  Ammo- 

nites margaritatus,  Montfort. 

Gryphcea  obliquata,  Sowerby,  1818. 

Gryphcea  obliquata,  Sowerby,  Mineral  Conchology,  t.  112.  f.  3. 
  obliqua,  Goldfuss,  Petrefacta  Germanise,  t.  85.  f.  2. 

Although  this  shell  is  sometimes  mistaken  for  Gryphcea  arcuata, 
Lamk.,  aud  sometimes  for  Gryphcea  Maccullochii,  Sow.,  it  is  never- 

theless distinct  from  both.  In  Gloucestershire  it  is  found  in  the 

Obtusus-bed  of  the  Lower  Lias,  and  ranges  upwards  to  the  base  of 
the  Middle  Lias.  It  has  a  similar  distribution  at  Lyme  Regis,  Dor- 

setshire, and  at  Robin  Hood's  Bay,  Yorkshire ;  and  is  found  in  the lower  beds  at  Pabba. 

In  Gloucestershire  Gryphcea  arcuata,  Lamk.,  is  found  in  the 
lower  beds  of  the  Lower  Lias  ;  Gryphcea  obliquata,  Sow.,  in  the 
upper  beds  of  the  Lower  Lias ;  Gryphcea  cymbium,  Lamk.,  in  the 
Middle  Lias  ;  and  Gryphcea  gigantea,  Sow.,  in  the  Marlstone. 

VOL.  XIV.   PART  I.  D 
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OstrjEA  arietis,  Quenstedt,  1856. 

Ostrcea  arietis,  Quenst.  der  Jura,  t.  10.  f.  10. 

On  two  slabs  of  sandstone  from  Lussay,  obtained  from  the  Lower 

Lias  beneath  the  coral-bed,  there  are  a  number  of  small  plaited 

Oysters  which  resemble  Quenstedt' s  Ostrcea  arietis ;  they  are  not 
identical  with  the  figure  in  his  "  Jura,"  but  they  resemble  it  more 
closely  than  any  other  described  species  I  am  acquainted  with. 

Pentacrinus  robusttjs,  Wright. 

Pentacrinus  Goldfussii,  Wright,  1854,  Annals  and  Mag.  of  Nat. 
Hist.  2nd  series,  vol.  xiii.  p.  380,  pi.  13.  f.  3. 

This  Pentacrinite  is  a  very  characteristic  Crinoid  of  the  Middle 
Lias  of  Gloucestershire,  where  it  has  been  collected  with  Ammonites 
capricornus,  Schlotheim  (A.  maculatus,  Young  &  Bird),  at  Chipping 
Campden,  and  at  Hewletts  near  Cheltenham,  in  the  same  zone. 

The  plates  of  the  column  are  thin  ;  each  fourth  or  fifth  plate  is 
broader,  and  projects  beyond  the  plate  below  and  above  it. 

The  pelvis  and  primary  and  secondary  arms  are  very  robust, 
hence  the  specific  name ;  I  originally  figured  and  described  this 
species  as  Pentacrinus  Goldfussii,  Wr.,  before  I  was  aware  that 

Professor  M'Coy  had  previously  given  the  same  name  to  another 
species ;  it  will  therefore  be  figured  in  my  monograph  on  the  Oolitic 
Echinodermata  as  Pentacrinus  robustus. 

Mr.  Geikie  collected  five  fragments  of  the  column  of  this  species 
from  the  micaceous  shales  at  Pabba. 

Pentacrinus  gracilis,  Charlesworth,  1847. 

Pentacrinus  gracilis,  Charlesworth,  London  Geol.  Journal,  t.  9. 

The  specimen  is  not  in  good  preservation  ;  it  consists  of  a  portion 
of  the  calyx,  with  its  primary  and  secondary  arms ;  the  bifurcation 
of  the  primaries,  almost  as  soon  as  they  branch  from  the  calyx,  and 

the  long,  simple,  cylindrical,  secondary  arms,  without  pinnules,  suf- 
ficiently distinguish  this  species  from  its  congeners.  It  is  contained 

in  a  highly  micaceous  fossiliferous  slab  of  the  Pabba-shales  ;  nearly 
the  same  horizon  in  the  Lias  as  that  from  whence  the  original  speci- 

men from  Staithes,  Yorkshire,  in  the  York  Museum,  was  collected. 

Isastr^ea  Murchisoni,  Wright,  nov.  sp. 

Corallum  large,  and  very  massive ;  surface  convex,  and  covered 
with  numerous  concave  cells.  Calices  unequal  in  size  and  form ; 
the  larger  ones  occupy  the  upper  surface,  and  the  smaller  ones  are 
situated  on  the  sides  of  the  corallum.  The  calices  are  polygonal, 

deep,  and  concave ;  their  sides  are  of  unequal  length,  and  are  termi- 
nated by  a  very  thin  mural  edge  ;  an  ordinary-sized  calyx  contains 

thirty-six  septa  :  in  some  of  the  smaller  ones  there  are  thirty,  and  in 
some  of  the  larger  ones  forty  or  more  septa.  The  septal  systems 
appear  to  vary  considerably ;  but,  as  the  calices  are  much  covered 
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with  a  fine  muddy  matrix,  it  is  difficult  to  count  the  numbers  accu- 
rately. The  septa  are  of  unequal  length,  and  they  are  thin,  waved, 

and  granulated  on  their  upper  surface ;  the  columella  is  absent  or 
rudimentary,  and  the  point  of  convergence  at  the  bottom  of  the 
calyx  is  always  excentral. 

Dimensions. — Longest  diameter  of  calyx  y%ths  of  an  inch  ;  trans- 
verse diameter  y<jths  of  an  inch  ;  depth  of  the  calyx  -^-ths  of  an  inch. 

These  corals  were  noticed  by  Sir  Roderick  Murchison*  as  Poly- 
pifers  of  the  genus  Astrcea,  and  compared  to  the  coralline  bodies 
found  in  the  Lias  at  Ledbury  near  Bridgewater.  The  coral-bed  was 
found  by  Mr.  Geikie  at  Lussay  underlying  calcareous  grit  and  sand- 

stone of  the  Lower  Lias ;  it  was  irregularly  about  3  feet  thick,  and 
the  corals  are  enveloped  in  a  fine  dark  mudstone  :  the  coral-bed  rests 
on  a  thin  band  of  hard  blue  limestone,  beneath  which  is  a  stratum  of 
greenish  micaceous  nodular  sandstone  containing  Cardinia  concinna, 
Agassiz. 

Isastrcea  Murchisoni  closely  resembles  another  species  of  the 
same  genus  found  in  the  Lower  Lias  near  Evesham,  Warwickshire, 
Is.  Haimeii,  Wright ;  but  it  is  distinguished  from  that  species  by 
having  the  calices  larger,  the  mural  edge  narrower,  the  septa  thinner 
and  more  waved  ;  the  columella  more  excentral.  The  two  corals 
require  a  careful  comparison  to  detect  their  diagnostic  characters. 
I  dedicate  this  species  to  Sir  Roderick  Murchison,  to  whose  re- 

searches we  are  indebted  for  much  valuable  information  on  the  geo- 
logy of  the  Hebrides. 

Having  thus  critically  examined  each  of  the  species  contained  in 
this  collection  of  Lias  fossils  from  the  Isle  of  Skye,  the  following 
conclusions  may  be  inferred  from  their  study  : — 

1st.  That  the  Lower  Lias  is  represented  at  Lussay  by  greenish 
micaceous  sandstone,  overlaid  by  hard  blue  limestone,  on  which  rests 
a  bed  of  corals  {Isastrcea  Murchisoni,  Wr.)  wrapped  in  a  dark  mud- 
stone,  the  coral  very  closely  resembling  a  species  found  in  the  Lower 
Lias  of  Warwickshire  ;  the  coral-bed,  3  feet  in  thickness,  is  over- 

laid by  calcareous  sandstone  and  compact  blue  limestones.  Un- 
fortunately no  Ammonite  has  been  found  in  these  beds,  so  that 

their  precise  age  cannot  be  determined  ;  still,  however,  the  presence 
of  Cardinia  concinna,  Zieten,  is,  per  se,  good  evidence  that  the 
greenish  micaceous  sandstones  with  Cardinice  belong  to  the  Lower 
Lias ;  for  that  shell  is  found  only  in  the  lower  beds  in  France  and 
Germany,  its  true  position  in  Wurtemberg  having  been  ascertained 
to  be  below  the  Bucklandi-bed,  where  it  is  associated  with  Ammo- 

nites angulatus,  Schloth. 

2nd.  The  "  Pabba-shales  "  belong  unquestionably  to  the  Middle 
Lias,  as  defined  in  the  beginning  of  this  paper ;  they  appertain  to 
their  lower  division,  which  includes  the  Jamesoni-bed,  the  Ibex-bed, 
and  Davcei-bed  ;  a  comparison  of  the  species  collected  by  Mr.  Geikie 
with  the  list  of  the  Middle  Lias  species  inserted  at  pages  24  &  26  is 

conclusive  as  to  the  age  of  the  Pabba-shales.     The  number  of  leading 

*  Trans,  of  the  Geol.  Soc.  2nd  series,  vol.  ii.  p.  368. 
d  2 
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species  collected  by  our  author,  during  his  short  visit  to  Pabba,  makes 
it  highly  probable  that,  were  the  shales  worked  diligently,  nearly  all 
the  species  of  the  Middle  Lias  of  England  would  be  found  therein. 

3rd.  The  shells  from  the  Lias  of  Scalpa  are  very  meagre  and  in 
bad  preservation  ;  they  consist  of  Pecten  cequivalvis,  Sow.,  Gervillia 
incequivalvisl,  Sow.,  and  a  Pleuromya.  The  position  of  the  beds 
which  yielded  these  shells,  as  shown  by  the  section  (PI.  I.  fig.  2) 
from  Scalpa,  through  Guillimon  and  Pabba,  to  the  road  between 
Breakish  and  Lussay,  indicates  that  they  may  be  the  equivalent  of 
the  Marlstone,  and  represent  the  Margaritatus-bed  and  Spinatus-bed 
of  the  table  at  page  25  ;  the  size  and  form  of  the  large  Pecten  like- 

wise favours  this  opinion. 
Much  good  work  might  be  done  if  these  beds  and  those  imme- 

diately above  them  were  carefully  examined,  as  the  species  enume- 

rated are  not  sufficient  to  prove  that  the  beds  are  "  Marlstone," 
inasmuch  as  Pecten  cequivalvis,  Sow.,  is  common  to  the  clays  below 
the  Marlstone,  as  well  as  to  that  rock  itself. 

It  is  probable  that  the  Upper  Lias  and  Inferior  Oolite  will  also  be 
found  in  the  neighbourhood,  for  it  has  been  already  proved  that  the 
lower  division  of  the  Inferior  Oolite,  characterized  by  Ammonites 

Murchisonce,  Sow.,  exists  in  Skye,  as  the  type-example  of  that  most 
important  fossil  was  found  by  Lady  Murchison,  in  a  nodule  of  mica- 

ceous sandstone,  at  the  base  of  a  cliff  east  of  Holme  near  Portree  ;  so 
that  doubtless  the  intermediate  strata  exist  between  Holme  (Skye) 
and  Scalpa. 

May  6,  1857. 

Arthur  R.  Abbott,  Esq.,  Hitchin,  Herts,  Lieut. -Gen.  John  Briggs, 
Clayton,  Sussex,  and  Capt.  G.  Harker  Saxton,  of  the  38th  Regt. 
M.N. I.,  were  elected  Fellows.  Dr.  H.  R.  Goeppert,  Professor  of 
Botany  &c.  in  the  University  at  Breslau,  was  elected  a  Foreign 
Member. 

The  following  communication  was  read : — 

The  Silurian  Rocks  and  Fossils  of  Norway,  as  described  by 
M.  Theodor  Kjerulf,  those  of  the  Baltic  Provinces  of 
Russia,  by  Professor  Schmidt,  and  both  compared  with  their 
British  Equivalents.  By  Sir  R.  I.  Murchison,  V.P.G.S., 
F.R.S.,D.C.L.,  Pres.  R.  Geogr.  S.,  &c. 

Introduction. — My  former  brief  sketches  of  the  Silurian  rocks  of 
Norway  *  have  recently  been  much  improved  and  enriched  by  the  la- 

bours of  M.  Theodor  Kjerulf,  who  has  published  an  excellent  memoir, 

entitled  "  The  Silurian  Basin  of  Christianiaf."  He  has  also  addressed 

*  Proc.  Geol.  Soc.  vol.  iv.  p.  601 ;  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  467  ;  ibid. 
vol.  iii.  p.  1;  ibid.  vol.  xii.  p.  161;  'Geol.  Russia  in  Europe,'  &c. ;  '  Siluria,' 
p.  319,  &e. 

f  Das  Christiaa;a-Silurbecken,  chemisch-geognostisch  untersucht.    4to,  1855. 
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to  me  descriptive  letters,  with  illustrative  diagrams,  exactly  defining  the 
relations  and  dimensions  of  the  different  rock-masses,  as  well  as  the 
organic  remains  of  each  stratum  ;  the  most  characteristic  specimens 

of  the  latter  having  been  transmitted  to  England  for  comparison*. 
The  same  zealous  author  has  published  a  work  in  which  he  clas- 

sifies the  two  great -sedimentary  deposits  of  South  Norway,  the  one 
exhibiting  a  vast  development  of  unfossiliferous  rocks,  to  which  he 
applies  the  name  of  Cambrian, — the  other  being  the  overlying  Silu- 

rian rocks,  of  which  he  describes  each  stratum  with  its  respective 
fossils  from  the  Alum  Shales  upwards. 
My  able  coadjutor  in  the  work  on  Russia  and  the  Ural  Moun- 

tains, Count  A.  von  Keyserling,  had  previously  translated  and  sent 
to  me  a  memoir,  by  Prof.  Schmidt,  on  the  succession  of  the  Silurian 
rocks  of  the  Russian  province  of  Esthonia,  and  the  adjacent  isles, 
which  portrays  the  distinctions  of  the  various  members  composing 
the  Silurian  system  with  much  greater  precision  and  clearness  than 
had  ever  before  been  applied  to  that  region. 

I  now  lay  an  outline  of  these  documents  before  my  associates,  in 
order  to  show  them  how  independent  observers  in  other  tracts  have 
come  to  the  conclusion,  that  the  Silurian  system,  as  defined  by  them, 

as  well  as  by  myself,  forms  a  natural-history  group,  whether  we  look 
to  its  geological  relations,  or  its  zoological  contents.  In  the  sequel 
I  will  revert  to  my  own  comparison,  and  point  out  how  the  Silurian 
rocks  of  Scandinavia  and  Russia  agree  with  those  of  our  own  country, 
from  the  lowest  to  the  highest  beds  inclusive. 

Norway. — To  begin  with  Norway,  M.  Kjerulf  divides  the  whole 
Silurian  series  of  his  country  into  three  physical  groups,  which  he 
severally  names  in  ascending  order  from  the  tract  where  it  is  best 
exhibited  ;  viz.  Oslo,  Oscarskal,  and  Malmo,  and  in  these  he  recog- 

nizes fourteen  subdivisions. 

A.  The  Oslo  group  consists  of  a  base  of  sandstone  and  conglome- 
rate, which,  though  not  exposed  near  Christiania,  occur  at  Lango, 

Mjosen,  and  other  places.  This  bottom  rock  (1),  which  is  unfossili- 
ferous, is  followed  by  alum-schists  and  bituminous  limestone  (2)  ; 

Lower  graptolite-schists  (3) ;  Orthoceratite-limestone  (4) ;  and 
Upper  graptolite-schist  (5). 

B.  The  second  or  Oscarskal  group  is  composed  of  calcareous  and 
argillaceous  flags  (6  &  7)  ;  with  intermediate  orthoceratite-limestone 
with  encrinite-schists  and  calcareous  sandstone  (8). 

C.  The  Malmo  or  upper  group  exhibits  at  its  base  argillaceous 

schists  (9a)  with  calcareous  flags  (9b),  and  Pentamer  us  -limestone  (9C) 
Coral-limestone,    often   concretionary    (10);    Encrinite-shale    (11) 
Upper  orthoceratite-limestone  (12);   Upper  graptolite-schist  (13) 
Upper  Malmo  limestone  and  schist  (14). 

The  following  Table  and  the  annexed  general  section,  fig.  1,  explain 
this  order. 

*  These  are  now  placed  in  the  Museum  of  Practical  Geology, 
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Thickness  in  feet. 

12. 
280  {}  J; 

370      9. { 

700- 

160 
30  to  40 

50 
150  to  160 
Total  1930 

Local  Subdivisions. 

Upper  Malmo  limestone  . 
Graptolite-schists    .     .     . 
Orthoceratite-limestone   . 
Upper  encrinal  schists 
Coralline  and  encrinal  lime 

stone   
b.  Pentamerus-limestone 
a.  Argillaceous  schists  . 

Calcareous  sandstone  .     .     . 

}  Calcareous  and  argillaceous flags  (Orthoceratites  and 
Encrinal  schists)  . 

Graptolite-schists  .  . 
Orthoceratite-limeston  e 
Graptolite-schists  .  . 
Alum-schists  .  .  . 
Quartzite  and  unfossiliferous 

Local  Groups.       British  equivalents. 

f  Upper  Silurian. *   Upper  Malmo  ■{      (Woolhope, Wenlock,  & 

[  Ludlow  Rocks.) 

)-   Lower  Malmo .  Llandovery 
Rocks. 

Oscarskal 

Lower  Silurian. 

Caradoc. 

>   Upper  Oslo     .  Llaudeilo. 

*  Lower  Oslo .    .  Stiper  Stones, 

rocks. 

In  referring  to  the  section,  fig.  1,  we  see,  that  the  alum-schists  (2) 
with  bituminous  limestone  rest  upon  unfossiliferous  and  siliceous  grau- 
wacke  (1),  evidently  the  equivalents  of  a  part  of  the  Longmynd 
(Cambrian)  of  Britain.  In  No.  2,  the  lowest  zone  in  which  intel- 

ligible fossils  have  been  detected  in  Scandinavia,  or  the  "  Regiones 

A,  B,"  of  Angelin,  there  are  found  small  Graptolites,  Graptopora 
flabelliforrnis,  several  species  of  Lingula,  including  one  like  L.  Da- 
visii,  a  horny  shell  nearly  allied  to  Obolus  Apollinis,  Agnostus 
pisiformis,  Olenus  scarabceoides,  Boeck,  Olenus  (Trilobites)  latus, 

Boeck  (Eurycare  latum,  Angelin),  (Trilobites  alatus,  Boeck),  Sphcer- 
ophthalmus  alatus,  Angelin,  Trilobites  pusillus,  Sars,  Olenus  (Dalm.) 
gibbosus,  Wahl.,  and  Asaphus  grandis,  Sars. 

This  zone  (2),  being  unquestionably  the  same  as  the  Regiones  A,  B, 

of  Angelin  in  Sweden*,  is  manifestly  the  northern  equivalent  of  the 

"  primordial  zone  "  of  Barrande  in  the  Silurian  Basin  of  Bohemia,  and 
of  the  Stiper  Stones  and  Lingula-schists  of  Britain  ;  and,  though  only 
150  feet  thick,  contains  Graptopora^  flabelliforrnis  (Gorgonia  of 
Eichwald),  mixed  with  Lingula  as  in  our  country,  and  with  them  the 
Agnostus  pisiformis  and  the  Graptolite  Didymograpsus  geminus,  as 
well  as  the  Silurian  Brachiopod  Orthis  calligramma,  the  last  three 
of  which  occur  also  in  the  true  Llandeilo  zone  of  the  Silurian  region 
of  Britain.  In  other  words,  we  thus  see  clearly  how,  in  extending  our 
survey,  it  is  impracticable  in  general  classification  to  separate  the 

Lingula-flags,  or  "Zone  Primordiale,"  from  the  Lower  Silurian  rocks. 
The  next  mass  of  schists  (3,  4,  5),  with  an  intermediate  limestone, 

bears  a  close  analogy  to  its  congener  in  Britain,  by  ushering  in  with 
it  a  profusion  of  brachiopods,  and  clearly  represents  the  Llandeilo 

formation.  Thus,  amongst  its  fossils  are  the  Graptolites,  Diplograp- 
sus  pristis,  D.  folium,  D.  teretiusculus,  Graptolithus  Sagittarius,  and 

the  shells,  Orthis  calligramma,  O.  elegantula  (O.parva,  de  Vera.), 

*  See  M.  Barrande's  lucid  memoir,  "  Parallele  entre  les  Depots  de  Boheme  et 
de  Scandinavie,"  1856. 

f  The  generic  name  proposed  by  Mr.  Salter  in  1857  for  this  curious  form, 
which  is  evidently  one  of  the  Fenestellidae,  and  connects  that  group  with  the 
Graptolites.    Report  American  Assoc,  for  1857,  Montreal. 
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O .  Jiabellulum  (?),  Bellerophon  bilobatus,  B.  acutus,  Orthoceras  du- 

plex, 0.  annulatum,  Lituites  cornu-arietis,  Phacops  conophthalmus 
(Powisii,  Sil.  Syst.) ;  with  many  Trilobites  of  species  peculiar  to 
Sweden,  but,  all  belonging  to  the  Lower  Silurian  genera,  Asaphus, 
Ogygia,  Trinucleus,  Olenus,  &c. 

The  group  (6, 7)  consisting  of  calcareous  and  argillaceous  flags,  in- 
termediate orthoceratite-limestone,  and  lower  encrinal  schists,  though 

intimately  connected  by  many  forms  with  the  underlying  divisions, 
is  yet  characterized  by  many  other  fossils,  which  enable  us  to  refer 
it  to  the  true  Caradoc  or  Bala  formation,  as  now  defined,  and  as  will 

be  more  completely  explained  in  a  new  edition  of  '  Siluria.'  These 
fossils  are,  Orthis  calligramma,  0.  testudinaria,  O.  Pecten,  Leptcena 
sericea,  Lingula  attenuata,  Bellerophon  bilobatus,  B.  acutus,  Conu- 
laria  quadrisulcata,  and  probably  C.  Sowerbyi,  with  other  species. 
Orthoceras  duplex,  O.  gigas,  0.  dimidiatum,  O.  distans,  and  O.  annu- 
latum  ;  the  last  three  being  Upper  Silurian  forms  in  Britain.  The 
other  fossils  of  Lower  Silurian  age  are  :  Lituites  cornu-arietis,  Tro- 
cholites  anguiformis,  Euomphalus,  and  Turbo  ;  several  species,  in- 

cluding Euomphalus  alatus,  Hisinger,  with  Echinosphcerites  auran- 
tium,  Tentaculites  anglicus  (annulatus,  Sil.  Syst.),  with  the  well- 
known  Trilobites  Asaphus  expansus,  Trinucleus  concentricus  (Carac- 
taci,  Sil.  Syst.  var.),  T.  seticornis,  Ampyx  nasutus,  Ogygia,  Calymene 
Blumenbachii  (var.  pulchella),  and  the  Phacops  macroura,  Sjogren, 
which  closely  resembles  the  P.  truncato-caudatus  of  the  British 
Caradoc  formation.  The  Corals  are  Stenopora  fibrosa  and  its  variety 
Lycoperdon,  with  species  of  Turbinolopsis,  &c. 

The  calcareous  sandstone  (No.  8,  sections)  would  seem,  from  its 
organic  remains,  to  constitute  the  commencement  of  a  transition  from 
the  Lower  to  the  Upper  Silurian  rocks,  such  as  is  seen  in  the  Lower 
Llandovery  rocks  of  South  Wales.  Thus,  with  the  Orthis  testudinaria 
and  O.  zonata,  Dalm.,  and  Patella  antiquissima,  His.,  occurs  a 
characteristic  Lower  Llandovery  species,  Rhynchonella  angustifrons, 

M'Coy,  and  many  large  smooth  Pentameri  of  species  not  yet  named. 
Here  are  some  associated  fossils  which  are  also  commonly  found  in  the 
Upper  Silurian  rocks  of  Britain.  These  are  :  Strophomena  depressa, 
Euomphalus  sculptus,  Phragmocerasl  (Cyrtoceras)  ventricosum,  En- 
crinurus  punctatus,  Actinocrinus  moniliformis,  Favosites  alveolaris, 
Heliolites  megastoma,  Halysites  catenularius,  Cyathophyllum  turbi- 
natum,  &c. 

In  speaking  of  the  characters  of  the  fossils  of  this  zone,  it  is  to 
be  observed,  that  the  characteristic  Lower  Silurian  trilobites  have 

already  disappeared*. 
The  argillaceous  schists  with  calcareous  flags  (No.  9a)  obviously 

represent  also  a  part  of  that  intermediate  group  connecting  the  Lower 
and  Upper  Silurian,  to  which  I  have  now  assigned  the  name  of 

"  Llandovery  rocks."  For,  in  these  beds  certain  species  of  Pentameri 
are  first  met* with,  whilst  the  overlying  limestone  (9b)   is,   as   in 

*  Several  of  these  corals  and  shells  in  Britain  range  from  the  Llandeilo  forma- 
tion to  the  base  of  the  Ludlow  rocks. 
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Britain,  charged  with  the  Pentamerus  oblongus,  and  forms  in  both 
countries  a  clear  horizon. 

The  fossils  are  :  Fenestella  assimilis,  Alveolites  (Millepora)  repens, 
Coenites  intertextus,  Ptilodictya  {Eschar a)  scalpellum,  Haly  sites 
catenularius,  Orthis  calligramma,  O.  elegantula,  O.  testudinaria, 
O.  Pecten,  O.  zonata,  Dalm.,  O.  lamellosa,  Strophomena  depressa, 
Leptcena  transversalis,  Orthis  (Spirifer)  insularis,  0.  biforata  (Sp. 
Lynx,  Sp.  dentatus,  Atrypa  crassicostis,  Dalm.,  &c),  O.  biloba  (Sp. 
sinuatuSyY .Bxxch),  Cyrtia  trapezoidalis,  Trigonotreta  compressa,  Pen- 

tamerus (Atrypa)  galeatus,  Atrypa  prunum,  A.  tumida,  Pentamerus 
Lens,  P.  Icevis,  Atrypa  reticularis,  A.  aspera,  Dalm.,  Euomphalus 
funatus,  E.  sculptus,  Acroculia  Haliotis,  Calymene  Blumenbachii, 
Encrinurus  punctatus,  Ampyx,  Acidaspis,  and  the  Trilobites  ellipti- 
frons  (Proetus  ?)  of  Esmark,  Tril.  elegans,  Sars,  &c. 

The  band  with  Pentamerus   oblongus   is   at   once  followed    by 
another  limestone  (No.  10)  highly  charged  with  corals  and  crinoids, 
and  which  evidently  characterizes  the  mass  of  the  Wenlock  limestone. 
It  is,   however,  important  to  remark  that,  with  many  corals,  the 
Euomphalus  sculptus,  E.  carinatus,  and  even  the  Orthoceras  annu- 
latum  and  O.  Ibex,  Sil.  Syst.,  we  again  meet  with  the  Pentamerus 
oblongus  and  P.  Icevis  of  the  subjacent  band,  thus  linking  together, 
still  better  than  in  England,  these  beds  with  the  inferior  strata,  and 
showing  a  higher  vertical  range  of  the  above  species  of  Pentameri 
than  is  known  in  England,  where  they  never  rise  into  the  Wenlock 
formation.    The  list  of  fossils  includes  Ptilodictya  lanceolata,  P.  (Es- 
chara)  scalpellum,  and  the  corals,  Cyathophyllum  turbinatum,  Goldf. 
Ptychophyllum  patellatum,  several  species  of  Heliolites,  and  several 
forms  noticed  in  the  underlying  strata,  with  Sarcinula  organum,  a 
species  of  Lower  Silurian  age  in  Britain.     The  prevailing  Encrinite 
is  Actinocrinus  moniliformis,  Goldf.,  whilst  the  Cornulites  serpula- 
rias,  Sil.  Syst.,  is  accompanied  by  the  following  shells,  Rhynchonella 
borealis  (Ter.  plicatella,  Dalm.),  Euomphalus  carinatus,  E.  sculptus, 
and  other  spiral  forms,   Orthoceras  Ibex,   O.  annulatum,  with   the 
Pentamerus  conchidium  and  the  other  species  above  noted.     The 
encrinal  schists  (11)  and  Upper  Orthoceratite-limestone  (12),   the 
Upper  Graptolite-marls  (13)  and  the  Upper  Malmo  limestone  (14), 
with  the  schists  and  marls  of  Overland,  Opsahl,  Noes,  Krogsand,  &c, 
represent  other  members  of  the  Upper  Silurian,  as  far  as  the  lower 

and   middle  members  of  the  Ludlow  rocks  inclusive — the  Upper 
Ludlow  rock  not  being  well  represented  by  fossils. 

Whilst  the  ordinary  Wenlock  Corals  seem  to  pervade  all  the  last- 
named  rocks,  their  lower  members  or  the  encrinal  schists  and  Or- 

thoceras-limestone,  characterized  by  large  Orthoceratites  with  cen- 
trals iphuncles,  may  be  supposed  to  represent  the  Lower  Ludlow, 

the  more  so,  as  it  contains  Gomphoceras  pyriforme,  Sil.  Syst.  In 
the  overlying  shales  Graptolites  (Ludensis)  priodon  abounds ;  but 

it  is  to  be  noted  that  this  zoophyte  is  associated  with  the*  Retiolites 
Geinitzianus,  Barr.,  and  Cyathocrinus  rugosus,  both  of  Wenlock 
age  in  Britain  the  former  even  pointing  to  the  very  base  of  the 
formation. 
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Even  the  upper  limestones,  schists,  and  shales,  as  seen  at  Malmo 
and  the  places  above  cited,  are  still  charged  with  some  corals  and 
crinoids,  known  in  England  only  in  the  Wenlock  formation,  including 
among  the  latter,  Eucalyptocrinus  decorus  and  Crotalocrinus  (Cya- 
thocrinus)  rugosus.  On  the  other  hand,  here  are  also  found  some 
of  the  typical  species  of  the  Ludlow  rocks,  viz.  Chonetes  (Leptcena) 
lata,  Rhynchonella  Wilsoni,  R.  navicula,  Turbo  corallii,  Pterinea 
retroflexa,  Orthoceras  Ibex,  &c. 

In  my  own  rapid  survey  of  the  environs  of  Christiania,  as  formerly 
explained  to  this  Society,  I  could  not,  any  more  than  M.  Kjerulf, 
detect  fossils  indicative  of  the  uppermost  Ludlow  rock,  though  I 
first  pointed  out  the  conformable  passage  upwards  from  the  grey 
Silurian  rocks  into  an  overlying  red  sandstone.  In  some  parts 
of  Sweden,  however,  and  on  another  occasion,  my  coadjutor  M.  de 
Verneuil  and  myself  detected  organic  remains  in  strata  which  must, 
we  thought,  represent  the  Upper  Ludlow,  and  even  a  transition  into 
the  Devonian.  Thus,  in  Scania  we  found  true  Upper  Ludlow  fossils 
in  red  flaggy  sandstones  which  Forchhammer  had  classed  as  Old  Red 
Sandstone  *. 

Again,  in  proceeding  from  the  northern  and  central  parts  of  Goth- 
land, which  are  occupied  by  the  Wenlock  limestone,  we  at  length 

reached  beds  of  a  sandy  and  marly  character,  in  which  some  of  the 
species  above  mentioned,  including  the  Pterinea  retroflexa,  Chonetes 
lata,  and  Turbo  corallii,  were  collocated  with  the  Rhynchonella 
{Terebratula)  nucula,  Orthonota  retusa,  Murchisonia  articulata, 
and  Beyrichia  tuber culata,  all  fossils  of  the  Upper  Ludlow  rock. 
As  these  forms  are,  in  the  ascending  order,  associated  with  fossils 
which  occur  in  the  Eifel  and  other  Devonian  tracts,  including 

the  Calceola  sandalina,  it  was  presumed,  that  the  southern  pro- 
montories of  Gothland  offer  a  passage  from  the  Silurian  into  the 

Devonian  rocks. 

In  the  meantime  we  learn  by  these  evidences,  how,  with  the  vary- 
ing conditions  of  the  seas  during  these  epochs,  the  same  species 

have  had  a  longer  existence  in  one  region  than  in  another. 
M.  Kjerulf  has  verified,  in  situ,  all  the  organic  remains  he  enume- 

rates, and  has  followed  each  band  of  rock  throughout  all  its  undula- 
tions or  breaks  in  the  Bay  of  Christiania.  From  his  numerous  sec- 
tions I  have  extracted  three,  which  are  annexed  (p.  38).  The  first 

of  these  is  the  general  diagram,  fig.  1,  the  second  (fig.  2)  repre- 
sents the  ascending  order  near  Beston  Kilen,  from  the  lowest  fossil- 

iferous  beds,  No.  2  (alum-slates,  or  "  primordial  zone"),  through  the 
lowest  graptolite-schists  (3),  the  Orthoceratite-limestone  (4),  and  the 
Upper  Graptolite-schists  (5), — the  three  beds  representing  the  Llan- 
deilo  flags,  to  the  calcareous  and  argillaceous  flags,  6  &7,  containing 
Caradoc  fossils  :  all  these  beds  and  fossils  are  Lower  Silurian,  and 

are  seen  to  be  overlaid  by  the  basement-beds  of  the  Upper  Silurian, 
Nos.  8  &  £. 

The  third  diagram  is  a  section  from  Ormo,  across  the  whole  island 
of  Malmo,  and  exhibits  at  the  base  Nos.  6  &  7  of  the  Lower  Silu- 

*  Quart.  Journ.  Geol.  Soc.  vol.  iii.  p.  34. 
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rian,  followed  by  8  &  9,  or  the  equivalents  of  the  Llandovery  rocks, 
which  connect  the  inferior  and  superior  divisions.  These  masses 
are  overlaid  conformably  by,  and  pass  up  into  the  Upper  Silurian 
series,  10  to  14  inclusive,  the  whole  of  which  are  chiefly  charac- 

terized by  fossils  of  Wenlock  and  Ludlow  species. 
These  detailed  sections  of  the  strata  in  the  environs  of  Christiania 

are  most  valuable  :  first,  in  demonstrating,  by  comparison,  that  the 
Silurian  rocks  of  Norway  are,  from  their  base  upwards,  the  true 
equivalents  of  those  of  Britain ;  secondly,  in  pointing  out  in  the  very 
lowest  fossiliferous  zone  the  presence  of  those  zoophytes  (Grap- 
tolites)  which  prevail  throughout  the  series.  In  the  same  beds 
occurs  a  Lingula,  associated  with  Orthis  callactis  and  other  forms 
which,  in  Britain,  have  as  yet  been  found  only  in  the  lower  part  of 
the  Llandeilo  formation ;  and  with  these  is  found  the  Graptopora 

flabelliformis,  a  fossil  of  the  Lingula-schists  of  Wales  :  thus  showing 
that,  like  them,  the  alum-schists  form  the  natural-history  base  of  the 
Silurian  System.  The  sections  also  demonstrate  that  from  this  base 
to  the  uppermost  beds,  these  zones  (in  all  occupying  less  than  2000 
feet  in  vertical  dimensions)  represent  the  whole  of  the  vastly  ex- 

panded British  series,  and  constitute  one  conformable  and  natural 

system,  whether  viewed  physically  or  zoologically*. 
In  addition  to  the  clear  order  of  superposition  of  the  various  Silu- 

rian rocks  and  their  identification  by  fossils,  M.  Kjerulf  has  further 
shown,  how  different  members  of  the  series  have  been  here  and  there 
metamorphosed  into  crystalline  gneiss.  The  numerous  points  at 
which  the  sedimentary  formations  have  been  pierced  by  eruptive 
rocks  long  ago  offered  to  Professor  Forchhammer  and  myself  suf- 

ficient explanation  of  such  conversions  f. 
This  subject  has,  indeed,  been  since  worked  out  in  some  detail  by 

Mr.  David  Forbes,  whose  residence  at  Christiania  has  enabled  him 
to  contribute  satisfactory  information,  which  clearly  demonstrates 
the  conversion  of  sedimentary  Silurian  strata  into  crystalline  rocks 
replete  with  simple  minerals  %. 

Results  of  an  examination  of  the  Silurian  Rocks  of  Esthonia, 
Northern  Livonia,  and  the  Isle  of  Oesel,  made  in  the  years 
1853  to  1856.     By  Professor  Fried.  Schmidt,  of  Dorpat. 

The  Silurian  rocks  of  Esthonia,  Northern  Livonia,  and  the  Isle  of 
Oesel,  represented  in  a  map  which  was  transmitted  to  the  Society, 
consist  essentially  of  a  series  of  strata  which  follow  each  other  in 
ascending  order  at  slight  angles  of  inclination,  and  constitute  zones 
trending  generally  from  east  to  west.  These  strata  have  the  follow- 

ing descending  order  : — 

*  Judging  from  a  collection  recently  transmitted  by  M.  Kjerulf,  and  which  has 
been  examined  by  Mr.  Salter,  the  specific  identification  with  the  British  forms 
may  be  for  the  most  part  depended  upon. 

t  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  470,  &c,  and  Kussia  in  Europe,  vol.  i.  p.  14, 
note. 

%  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  166,  &c. 
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Grey  limestone  with  shales.     Fishes.     (No.  5.) 
Limestone  and  dolomite.     (No.  4.) 
Pentamerus-limestone.     Corals.     (No.  3.) 
Limestone  with  marly  beds.     Corals.     (No.  2.) 
Brandschiefer. 

Calcareous  flagstones  or  "Pleta."     (No.  1.) 
Green  sand-beds  and  chloritic  limestone. 

Argillaceous  schist. 
Ungulite  grit. 
Blue  clay  and  sands. 

The  most  ancient  beds  of  the  system  are  seen  to  subside  under 

No.  1  of  Schmidt's  Map  (and  the  above  list),  or  summit  of  the  cliffs 
of  the  north  of  Esthonia  on  the  Gulf  of  Bothnia,  known  under 

the  name  of  "  Glint ;"  and,  although  occupying  no  considerable  por- 
tion of  the  country,  those  rocks  alone  have  been  hitherto  chiefly 

studied.  With  the  exception  of  the  lowest  argillaceous  and  sandy 
beds,  which  are  well  known  (as  extending  from  St.  Petersburg  into 
the  base  of  these  cliffs),  the  Silurian  series  of  Esthonia  is  almost 
entirely  composed  of  calcareous  bands  more  or  less  pure,  which,  in  the 
upper  strata,  often  pass  into  dolomites.  The  latter  varieties,  however, 
occupy  no  special  stratigraphical  position,  and  are  not  distinguishable 
through  their  organic  remains  from  the  ordinary  limestone  with  which 
they  are  associated.  On  the  contrary,  the  limestone  and  the  dolomite 
of  the  same  zone  or  stage  contain  precisely  the  same  fossils. 

Each  of  the  five  stages  indicated  in  the  map  prepared  by  M.  Schmidt 
possesses  a  peculiar  fauna,  which  is  constant  throughout  the  whole 
of  the  horizontal  extension  of  the  zone.  Very  few  species  traverse 
two  entire  stages  without  undergoing  what  are  termed  by  that  author 

"  modifications."  Thus,  several  species  belong  in  common  to  the  two 
lower  bands, — others  to  the  two  upper  ;  but,  according  to  him,  one 
species  only,  the  Calymene  Blumenbachii,  passes  through  all  the 
stages,  from  the  first  to  the  fifth  inclusive,  though  in  the  last  of 
these  (the  equivalent  of  the  Upper  Ludlow  rocks)  it  is  modified 
into  the  C.  spectabilis  of  Angelin. 

The  sharpest  separation  in  the  fossiliferous  contents  of  this  series 
occurs  between  the  second  and  third  bands ;  thus  dividing  the 

"terrain"  into  Lower  and  Upper  Silurian.  These  two  divisions  seem 
to  contain  few  species  common  to  them,  or,  to  use  M.  Schmidt's  lan- 

guage, no  form  which  has  not  been  modified.  At  the  junction  of  these 
inferior  and  superior  masses  there  are,  however,  transitions,  which 
testify  that  there  has  been  no  violent  break  in  the  development  of 
animal  life,  and  induce  the  author  to  believe,  that  in  this  country  the 
Silurian  formation  is  a  whole,  whose  members  constitute  a  compact 
series  of  calcareous  strata  shading  into  each  other,  but  not  conducting 
by  similar  points  of  approximation  to  the  overlying  Devonian  rocks 
of  Livonia,  which  occur,  he  says,  as  an  entirely  separate  system. 

This  sharp  distinction  is  indeed  explained  by  the  physical  relations 
of  the  rocks ;  for,  whilst  the  uppermost  Ludlow  rocks  are  clearly 
represented,   they  are  overlaid   transgressively  by  those  Devonian 
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masses  which,  as  formerly  shown  by  my  colleagues  and  myself,  con- 
tain the  Devonian  shells  of  Devonshire  and  the  Rhine,  united  in  the 

same  beds  with  the  fishes  of  the  Old  Red  Sandstone  of  Scotland. 

However  small  may  be  the  number  of  species  common  to  two  of  the 
Silurian  zones,  examples  are  not  wanting  to  show  that,  when  a  change 
occurs,  each  typical  fossil  is  replaced  in  the  next  succeeding  band  by 
an  analogous  form,  which,  in  its  turn,  is  constant  throughout  the 
entire  extent  of  its  stratum.  Now,  as  this  continuity  of  forms  stops 
at  the  uppermost  limit  of  the  Silurian  rocks,  the  phsenomenon,  as 
M.  Schmidt  observes,  seems  to  operate  as  much  in  favour  of  the 
distinction  of  the  various  bands  or  stages,  as  it  clearly  does  for  their 
union  in  one  system  of  life. 

The  researches  of  M.  Schmidt  have  furnished  him  with  nothing 
new  respecting  the  inferior  portion  of  the  Silurian  strata,  which,  pass- 

ing from  the  Government  of  St.  Petersburg,  underlies  the  cliffs  of 
Esthonia  called  Glint.  That  lower  series  consists  in  an  ascending 
order  of  sands  and  clay,  Ungulite-grit,  argillaceous  schists,  and  a 

chloritic  grit  and  limestone,  as  described  in  'Russia  and  the  Ural 
Mountains.'  The  summit  of  the  cliffs  is  composed  of  grey,  flag-like 
limestone,  the  "  Pleta"  of  the  Government  of  St.  Petersburg,  and 
marked  No.  1  in  M.  Schmidt's  map.  This  limestone  ranges  a  little 
southwards  into  the  continent,  disappearing  at  a  very  gentle  angle 
under  the  superior  formations.  The  blue  clay,  cropping  out  to  the 
east  of  Reval  only,  sinks  on  the  west  beneath  the  sea-level.  The 

"Ungulite-grit"  contains  its  usual  fossils,  Obolus  Apollinis,  Orbicula 
Buchii*,  and  O.  reversa  ;  whilst  the  schists  present  us  with  the 
Graptopora  (Gorgonia)  Jlabelliformis,  Eichw.  (the  Phylloyrapsus  of 
Angelin),  which,  in  Sweden,  is  characteristic  of  the  lowest  fossil-beds 
or  alum-slates. 

In  the  green  sandf  or  chloritic  rock  of  Esthonia,  no  one  has  posi- 
tively discovered  the  existence  of  the  microscopic  tooth-like  bodies  that 

M.  Pander  has  collected  from  the  same  bed  in  the  Government  of 

St.  Petersburg,  and  described  as  fish-teeth.  Along  with  the  Obolus, 
however,  M.  Schmidt  has  detected  a  Lingula  and  the  Orthis  calli- 
gramma.  The  chloritic  limestone  is  specially  developed  at  the  foot 
of  the  cliffs  of  the  Isle  of  Odinsholm.  Grains  of  chlorite  are  there 

strikingly  disseminated  in  a  greyish-white  limestone.  This  rock 
constitutes  a  marked  feature,  and  is  equally  visible  at  Baltisch  Port 
and  Reval.  In  point  of  organic  remains,  it  contains  numerous  frag- 

ments of  Asapki,  and  notably  of  a  species  resembling  A.  Tyrannus, 
Murch.  (the  A.  heros  of  Dalman).  This  chloritic  limestone  passes 
into  the  Government  of  St.  Petersburg  without  containing  a  peculiar 
fauna. 

The  calcareous  flagstone  called  Pleta,  No.  1,  is  exhibited  in  great 

*  The  names  of  all  the  fossils  in  this  part  of  the  memoir  are  those  given  by 
Prof.  Schmidt.  The  species  have  not  been  yet  compared,  like  those  of  Norway, 
with  their  British  analogues. — R.  I.  M. 

f  Prof.  Ehrenberg's  researches  (Berlin  Transact.  1855)  tend  to  prove  that  a 
portion  at  least  of  the  green  grains  in  this  sand  has  been  derived  from  the  minute 
stony  casts  of  the  shells  of  Polythalamia. 
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constancy  of  character  from  the  Isle  of  Odinsholm  and  the  cliffs  of 
Baltisch  Port  to  Narva  and  the  hills  south  of  St.  Petersburg,  where 

it  is  part  of  the  Lower  Silurian  of  M.  Kutorga*.  The  most  im- 
portant fossils  of  this  rock  are  its  Orthoceratites,  Orthoceras  duplex, 

O.  vaginatum,  0.  undulatum,  Schlotheim  and  Quenstedt,  and  the 
O.  acutum,  Eichw.  These  are  accompanied  by  Asaphus  expansus, 
A.  raniceps,  Illcenus  crassicauda,  Lichas  Hubneri,  L.  verrucosus, 
Cheirurus  exsul,  Beyr.,  Lituites  convolvans,  L.falcatus,  L.  Odini, 
Eichw.,  Bellerophon  locator,  Eichw.,  B.  megalostoma,  Eichw., 
Porambonites  cequirostris,  Rhynchonella  nucula,  Orthis  calligramma, 
O.  injlexa,  0.  extensa,  O.  obtusa,  Orthisina  adscendens,  Siphono- 
treta  unguiculata,  S.  verrucosa,  Sphceronites  aurantium,  Echino- 
sphcerites  Balticus,  Hemicosmites  pyriformis,  Receptaculites  orbis, 
Eichw.,  &c. 

Towards  the  upper  limit  of  this  stage,  and  in  the  eastern  part 

of  Esthonia,  there  is  found  a  bituminous  shale,  known  as  "  brand- 

schiefer"  or  inflammable  schist,  formerly  described  by  Colonel  Hel- 
mersenf .  Occurring  at  Tolks  and  Pungern,  it  is  very  rich  in  well- 
preserved  fossils,  which  seem  to  connect  the  underlying  calcareous 
stage  with  the  next  overlying  limestone,  many  of  the  species  being 
peculiar  to  the  deposits.  Trilobites  abound,  but  have  not  yet  been  all 
identified,  though  among  them  are  Asaphus  acuminatus,  Boeck, 
Cheirurus  aculeatus,  Eichw.,  Ampyx,  Trinucleus,  and  Phacops, 
with  Beyrichia  and  Leperditia,  Leptcena  sericea,  L.  Humboldtii,  and 
other  fossils. 

The  second  limestone  is  a  fine-grained,  yellowish,  and  bluish 
rock,  occasionally  having  almost  the  aspect  of  lithographic  stone, 
and  passing  often  into  marly  beds  particularly  rich  in  fossils. 
This  stage  forms  the  northern  half  of  the  Isle  of  Dagden,  and  thence 
passes  eastwards  in  a  broad  zone  across  Esthonia  to  the  south  of 
Narva  and  into  the  Government  of  St.  Petersburg,  where  it  has  been 
called  Upper  Silurian  by  M.  Kutorga. 

In  reality,  however,  says  M.  Schmidt,  this  limestone  is  only  the 
superior  member  of  the  unquestionable  Lower  Silurian  rocks  of 
Russia. 

xlmong  its  prevailing  fossils  may  be  cited  Lichas  angusta,  Beyr., 
L.  Dalecarlica,  Ang.,  Calymene  brevicapitata,  Portl.,  Encrinurus 
multisegmentatus,  Portl.,  Phacops,  several  species  of  Lituites  anti- 
quissimus,  Eichw.,  Murchisonia  bilineata,  Hall,  Subulites  elongatus, 
Conr.,  Strophomena  Asmusii,  S.  rugosa  (distinct  from  S.  depressd), 
Leptcena  deltoidea,  L.  sericea  (very  abundant),  Orthis  Actonice, 
O.  testudinaria,  Orthisina  anomala,  0.  Verneuilii,  Streptoplasma 
corniculum,  Heliolites  megastoma,  H.  favosa,  Ptilodictya  acuta,  P. 
pulchella,  Hall,  Coccinium  proevum,  Eichw.,  Cyclocrinites  Spaskii, 
Eichw.,  and  Calamopora  patellaria,  Kutorga  J. 

The  two  preceding  stages  contain  the  following  fossils  in  com- 

*  See  the  Map  of  the  Government  of  St.  Petersburg,  by  M.  Kutorga. 
f  Annuaire  du  Journal  des  Mines  de  Russie,  1838,  p.  97. 
X  The  so-called  Pentamerus  ventricosus,  Kutorga,  of  this  stage  seems  to  be  a 

Porambonites  of  Pander. 
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mon :  Phacops  Odini,  Eichw.,  Orthis  lynx,  Eichw.,  Leptcena  imbrex, 
Lingula  quadrata,  and  Chcetetes  Petropolitanus. 

The  upper  limit  of  these  Lower  Silurian  strata  is  characterized  by 
a  profusion  of  Corals,  such  as  Catenipora,  Heliolites,  Caninia,  Sar- 
cinula  org  anon,  &c.  Accompanying  these,  there  are  other  fossils 
peculiar  to  the  band,  viz.  Proetus  brevifrons,  Ang.,  Lichas,  n.  s., 
Pleurorhynchus,  n.  s.,  Strophomena  alternata,  Atrypa  (Spirigerina) 
marginalis,  and  Orbicula,  n.  s.  These  two  latter,  however,  are  asso- 

ciated with  most  of  the  previously  mentioned  fossils  of  the  second 
stage  ;  so  that  the  whole  form  one  natural  division. 

This  coralline  limestone  is  surmounted  by  the  most  ancient  stratum 

of  the  group  classed  as  the  Upper  Silurian  of  Esthonia  ;  being  cha- 
racterized chiefly  by  the  presence  of  its  smooth  Pentameri. 

A  marly  limestone  forms  the  basement-layer  of  No.  3,  and  con- 
tains Leperditia  marginata,  Pentamerus  linguifer,  Strophomena 

Pecten,  Orthis  Davidsoni,  Rhynchonella  aprinis,  Vern.,  and  Calamo- 

pora  aspera,  D'Orb.  This  stratum  is  covered,  throughout  the  whole 
length  of  the  zone,  by  the  shelly  band  with  Pentamerus  borealis, 
which  occupies  the  highest  ground  of  the  mainland  of  Esthonia,  and 
forms  the  watershed  of  all  the  tract.  The  bottom  beds,  with  Leper- 

ditia, observed  at  a  very  few  spots  to  the  north  of  the  Pentamerus- 
zone,  reappear  to  the  east,  west,  and  south,  in  a  more  developed 
form.  In  the  last-mentioned  direction,  they  serve  as  the  support  of 
a  band  containing  another  species  of  Pentamerus,  the  P.  Esthonus, 
Eichw.,  probably  identical  with  the  P.  oblongus  (see  Sil.  Syst.)  ;  but, 

unlike  the  P.  borealis*,  this  species  does  not  occupy  all  the  rock. 
The  associated  characteristic  fossils  are,  Bronteus  signatus,  Phill., 

Orthoceras  canaliculatum,  Sow.,  and  Catenipora  escharoides.  Other 
fossils,  the  chief  habitat  of  which  is  in  the  next  overlying  stage,  now 
appear,  and  these  are  Encrinurus punctatus,  Calymene  Blumenbachii, 
and  Atrypa  {Spirigerina)  reticularis. 

This  stage,  as  already  stated,  offers  points  of  connexion  with  the 
subjacent  No.  2,  along  its  line  of  junction,  but  the  Corals  (Catenipora) 
of  the  two  bands  are  specifically  separable. 

The  stage  No.  4,  which  is  developed  partly  on  the  continent  and 
partly  in  the  north-eastern  portion  of  the  Isle  of  Oesel,  consists  of 
two  different  rocks,  the  one  a  bluish-grey  marly  limestone,  the  other 
a  dolomite  or  magnesian  limestone.  Its  chief  fossils  are,  Proetus 
concinnus,  Lichas  Gothlandicus,  Ang.,  L.  ornatus,  Ang.,  Bumastus 
Lindsteineri,  Ang.,  Orthoceras  annulatum,  Sil.  Syst.,  Rhynchonella 

Wilsoni  (Russian  variety:  see  *  Russia  in  Europe,'  vol.  ii.  p.  88), 
Athyris  tumida,  Orthis  osiliensis,  Schrenck,  0.  elegantula,  Dalm., 
Leptcena  transversalis,  Streptoplasma  calicula,  &c.     This  zone  also 

*  In  reference  to  these  detailed  views,  my  friend  Count  Keyserling  is  of  opinion 
that  the  band  containing  the  Pentamerus  borealis  is  virtually  included  in  the  zone 
beneath  it ;  fallacious  appearances  in  this  flat  and  obscure  country  having  led  Prof. 
Schmidt  to  believe  in  the  superposition  of  the  one  to  the  other.  Count  Keyserling 
also  thinks  that,  in  consequence  of  its  fossils,  more  importance  should  be  attached 
to  the  brand-schiefer  or  inflammable  schist,  which  might  be  considered  a  distinct 
subformation. 
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contains  some  remains  described  as  fishes  by  Eichwald  under  the 
name  of  Sphagodus  obliquus. 

The  fifth  division  forms  the  summit  of  the  Silurian  system  of 
Esthonia,  and  is  composed  chiefly  of  a  crystalline  limestone,  rarely 
dolomitic,  alternating  with  beds  of  marl  or  shale.  The  remains  of 
fishes  now  begin  to  appear  frequently,  and  Pander  has  recognized  in 
the  materials  sent  to  him  twenty  species,  all  of  which,  however,  are 
affirmed  by  him  to  be  specifically  distinct  from  any  Devonian  or 
Old  Red  forms. 

The  finest  of  these  Upper  Silurian  species  is  the  Cephalaspis 
verrucosus,  Pand.  (Thyestes,  Eichw.),  and  with  it  is  found  the 
Onchus  Murchisoni,  Ag.,  of  the  Ludlow  rock ;  sufficient  fragments 
of  the  former  having  been  detected  to  complete  the  restoration  of 
an  almost  entire  fish.  These  remains,  including  numerous  scales 

and  also  portions  of  jaws,  are  now  described  by  M.  Pander*. 
One  of  the  most  remarkable  fossils  of  this  band  is  the  Eurypterus 

remipes,  Dekay,  which  is  abundant  in  some  of  the  marly  beds,  and 
in  so  admirable  a  state  of  preservation  as  to  permit  the  delineation 
of  all  its  minutest  parts,  which  Dr.  Schrenek  will  elucidate. 

The  most  important  of  the  other  fossils  of  this,  the  highest  Silurian 
zone  in  Russia,  are :  Beyrichia  tuberculata,  Klod.,  B.  Wilckensiana, 
Jones,  Leperditia  Baltica,  His.,  L.  phaseolus,  Klod.,  Orthoceras 
imbricatum,  0.  bullatum,  Sow.,  Murehisonia  cingulata,  Trochus 
helicites,  Pterinea  reticulata,  Grammysia  cingulata,  His.,  Lucina 
(Tellina)  prisca,  Chonetes  striatella,  Dalm.,  Spirigerina  prunum, 
Dalm.,  S.  didyma,  Rhynchonella  Wilsoni,  Sow.  (Sil.  Syst.),  Orthis 
orbicularis,  Sow.  (Sil.  Syst.),  Tentaculites  annulatus,  His.  (?),  Cya- 
thocrinus  rvgosus,  Mill.,  Cyathophyllum  articulatum,  &c. 

These  grey  beds  (so  manifestly  identical  through  many  of  the 
species  of  their  organic  remains  with  those  of  the  Upper  Ludlow 
rocks)  present  no  ascending  passage,  as  in  England,  into  the  super- 

jacent red  or  Devonian  strata.  The  latter  are  not  seen  in  the  Isle  of 
Oesel,  but  appear  on  the  continent,  where  their  junction  with  the 
Upper  Silurian  is  evidently  transgressive.  At  Tannekill,  to  the  north 
of  Tellin,  for  example,  the  Devonian  rocks,  consisting  of  a  yellowish- 
grey  coarse-grained  grit  and  bluish  marls,  are  seen  to  overlie  at  once 
the  formations  Nos.  3,  4  of  the  preceding  Silurian  succession,  with 
their  characteristic  Corals.     At  Dorpat,  Randan,  Tellin,  and  Tonga!, 

*  The  work  of  my  distinguished  friend,  M.  Pander,  has  been  seen  for  the 
first  time  by  me  as  these  pages  are  printing  off. 

Professor  Huxley,  who  has  been  so  obliging  as  to  examine  this  work,  informs 
me  that  the  Cephalaspis  verrucosus  {Thyestes,  Eichwald)  presents  a  tuberculated 
ornamentation  on  the  head-  and  body-scales,  which  is,  as  it  were,  a  more  regular 
development  of  the  ornamentation  described  by  Sir  P.  Egerton  as  occurring  in 
Cephalaspis  ornatus  of  the  uppermost  Ludlow  rocks  (see  Quart.  Journ.  Geol.  Soc. 
vol.  xiii.  p.  285).  These  remarkable  ichthyolites,  of  which  many  genera  and 

species  are  described,  will  be  alluded  to  in  the  new  edition  of  '  Siluria,'  when  the 
nature  of  the  singular  minute  and  enigmatical  remains,  from  the  Lower  Silurian 

rocks,  called  "  Conodonts"  by  M.  Pander  {op.  cit.  pis.  1,  2,  3, 4)  will  be  discussed. 
With  the  highest  respect  for  the  author,  and  the  great  ability  he  displays  in  his 
works  on  ichthyolites,  I  am  not  yet  convinced  that  these  microscopic  bodies  are 
portions  of  the  teeth  of  fishes.— (Oct.  10.— R.  T.  M.) 
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which  lie  at  a  considerable  distance  from  the  junction  with  the  Silu- 
rian rocks,  the  strata  are  charged  with  many  well-known  Devonian 

fossils. 

Conclusion. 

In  the  opening  pages  of  this  Memoir  a  running  comparison  was 
instituted  between  the  different  subformations  which  constitute  the 

Silurian  basin  of  Christiania  in  Norway  and  their  British  equivalents  ; 
and,  considering  the  distance  of  the  Norwegian  tract  from  our  own 
country,  the  coincidence  in  the  succession  of  fossils  is  truly  re- 
markable. 

The  point,  however,  of  the  labours  of  M.  Kjerulf  to  which  I  now 
particularly  recall  attention,  is  that  in  the  very  lowest  fossiliferous 
zone  (the  alum-slates  of  Norway)  the  types  of  Trilobites  which  were 
supposed  by  some  authors  to  be  confined  to  that  zone  are  united 
with  the  Orthis  calligramma  and  the  Didymograpsus  geminus,  spe- 

cies known  as  occurring  in  unquestionable  Lower  Silurian  British 
rocks.  Any  one  of  the  published  sections  across  the  western  parts 
of  Shropshire,  i.  e.  from  the  Longmynd  over  the  Stiper  Stones,  shows 

what  the  parallel  order  is  in  Britain*. 
Having  for  the  last  twenty-four  years  considered  and  described 

the  Stiper  Stones  as  the  true  physical  base  of  the  Silurian  series  of 
strata,  it  has  been  satisfactory  to  me  to  detect  recently,  in  the  black 
schists  associated  with  the  siliceous  flagstones  of  that  ridge,  additional 
fossils  which  so  intimately  connect  them  with  the  Llandeilo  formation, 

that  the  additional  evidence  in  the  new  edition  of  '  Siluria '  will,  I 
believe,  be  conclusive  as  to  the  natural  base  of  the  British  Silurian 
rocks.  For  neither  in  Shropshire  nor  in  Norway  can  we  draw  a 
line  of  physical  or  zoological  demarcation  between  these  basement- 
strata,  whether  termed  Lingula  Flags,  Stiper  Stones,  or  iVlum  Slates, 
and  those  overlying  schists  into  which  they  graduate,  and  of  which 
they  form  an  integral  part. 

This  union  is  indeed  particularly  well  marked  in  Scandinavia, 
where  the  alum- slates  are  simply  a  mass  of  black  schist,  which  is  no 
more  capable  of  separation  from  the  overlying  beds  of  similar  cha- 

racters than  one  bed  of  the  Lower  Lias  or  any  other  secondary  shaly 
subformation  is  from  another. 

Seeing  the  dissimilarity  of  forms  which  prevails  throughout  the 
Silurian  series  of  Bohemia,  as  described  by  M.  Barrande,  when  we 
look  to  the  distinction  between  the  fossils  of  each  of  the  subdivi- 

sions, and  especially  when  we  compare  such  subdivisions  with  their 
acknowledged  equivalents  in  the  northern  Silurian  zone  now  under 
consideration,  it  seems  to  me  to  be  impossible  to  establish  a  new 

classification  of  the  Lower  Palaeozoic  rocks  by  eliminating  the  "  Zone 

Primordiale "  of  that  distinguished  author  from  the  natural-history 
system  in  which  he  has  himself  placed  it.  In  Bohemia  the  "  Zone 
Primordiale  "  is  as  integral  a  part  of  the  Silurian  basin  so  called,  as 
the  Stiper  Stones  were  in  my  original  classification.     If  I  am  not 

*  See  the  '  Silurian  System,'  pi.  32.  fig.  1,  &c.,  and  '  Siluria,'  diagram,  p.  29. 
VOL.  XIV.   PART  I.  E 
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justified  in  referring  to  my  sections  and  memoirs  of  the  years  1833, 
1834,  when  I  classed  the  Stiper  Stones  with  the  overlying  deposits, 
I  am  at  all  events  entitled  to  adhere  to  that  view,  now  that  M.  Bar- 

rande  also  unites  his  "  Zone  Primordiale"  with  the  overlying  strata ; 
and  since,  fully  aware  of  the  distinction  between  its  fossils  and  those 
which  succeeded  it  in  Bohemia,  this  eminent  geologist  continues  to 
classify  it  with  the  Silurian  System. 

We  ail  know  how  in  those  secondary  and  tertiary  rocks  which  have 
been  most  examined  there  is  often  a  marked  discrepancy  in  the  fossils 
of  each  succeeding  stratum,  so  long  as  we  examine  a  limited  area  only, 
and  how  such  sharp  separation  and  isolation  of  the  former  inhabitants 
of  the  seas  vanishes  when  the  same  strata  are  followed  over  great 
distances.  So  is  it  when,  quitting  our  insular  area  and  extending 

our  researches  to  Norway,  we  find  strata  of  black  schist,  mineralogi- 
cally  resembling  the  Lingula-flags  or  the  schists  of  the  Stiper 
Stones,  and  occupying  the  same  place  in  the  geological  series,  to  be 
charged  with  some  of  the  organic  remains  which  in  Britain  are 
peculiar  to  that  band,  mixed  up  with  species  which  are  known  in  our 
own  Llandeilo  rocks.  Again  we  observe  that,  as  in  the  Stiper  Stones 
of  Shropshire,  there  is  in  Norway  a  vast  underlying  series  of  slates 
and  quartzose  rocks  like  those  of  the  Longmynd ;  so  also  are  the  beds 
into  which  the  alum- schists  pass  upwards  laden  with  many  species 
of  fossils  which  are  with  us  in  the  Lower  Silurian  rocks  of  Llan- 

deilo age. 

The  attempt  to  separate  the  alum-schists  of  Scandinavia  from  the 
overlying  beds  with  which  they  are  united  in  numerous  natural 
escarpments  is  indeed  forbidden  on  stratigraphical,  lithological,  and 
zoological  grounds  ;  and  as  Linnaeus  and  every  subsequent  explorer 
of  Scandinavia  have  connected  them,  so  I  confide  in  the  belief  that 
they  constitute,  by  their  organic  remains,  the  best  base  we  have  been 
able  to  trace  of  that  which  I  call  Silurian  life. 

In  comparing  the  Silurian  rocks  of  Scandinavia  and  Russia  with 
those  of  Britain,  there  is  no  feature  by  which  the  whole  system  is 
seen  to  be  better. characterized  in  those  countries  than  by  containing  in 
its  central  part  a  formation  distinguished  from  the  rocks  above  and 
below  it  by  certain  species  of  Pentameri,  of  which  the  Pentamerus 
oblongus  and  the  P.  lens  are  the  prevailing  types. 

Having  satisfied  myself,  in  my  own  country,  that  the  lower  portion 
of  this  formation  is  (as  I  always  maintained)  related  by  its  organic 
remains  to  the  Caradoc  formation,  and  that  the  upper  part  of  it  is 
charged  with  a  number  of  shells  of  the  Wenlock  age  (though  still 
intermixed  with  the  peculiar  Pentameri  and  a  few  Lower  Silurian 
fossils),  I  have  deemed  it  right  to  assign  to  the  deposit  a  separate 
and  intermediate  place  in  the  table  of  Silurian  strata. 

I  have  named  this  formation  "  Llandovery  rocks,"  reverting  to  that 
tract  of  South  Wales  which  was  originally  described  in  detail,  and 
where  both  the  lower  and  upper  members  of  the  group,  and  their  re- 

lations to  the  underlying  and  superjacent  rocks,  are  clearly  exhibited. 
It  is  the  upper  member  only  of  these  Pentamerus-rocks  which  is 

exhibited  at  May  Hill,  on  the  west  flank  of  the  Malverns,  and  also  in 
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the  typical  Silurian  tracts  of  Shropshire,  Herefordshire,  and  Radnor- 
shire.    This  upper  band  only  is  the  May  Hill  Sandstone*. 

In  parts  of  South  Wales,  where  both  members  of  the  Llandovery 
rocks  exist,  there  is  usually,  indeed  (but  in  my  opinion  not  always),  a 
transgression  between  them,  as  traced  by  Professor  Ramsay  and  Mr. 
Aveline,  the  lower  member  constituting  over  large  areas  the  regular 
capping  of  the  Caradoc  or  Bala  formation,  the  upper  or  May  Hill 
rock  appearing  to  be  usually  the  symmetrical  base  (as  in  Siluria 
proper)  of  the  Upper  Silurian  group.  As,  however,  the  same  species 
of  Pentamerus,  Atrypa,  and  Petraia,  &c,  occur  in  both  these  di- 

visions, I  am  induced  by  this  community  of  type,  and  by  the  opinion 
of  Mr.  Salter,  to  consider  the  two  bands  as  forming  one  natural- 
history  province  which  connects  the  fauna  of  the  Lower  and  Upper 
Silurian  groups. 

Now,  if  we  refer  to  certain  other  regions,  the  truthfulness  of  this 
view  is  strikingly  confirmed ;  since  in  them  we  can  detect  no  such 
transgression  or  hiatus  as  occurs  in  Wales  and  the  border-counties 
of  England. 

Even  in  the  neighbourhood  of  Girvan,  in  Scotland,  fossiliferous 
Lower  Silurian  rocks  of  the  Caradoc  age  seem  to  graduate  upwards 

conformably  into  the  Pentamerus-zone  in  question,  containing  not 
only  the  P.  oblongus  in  profusion,  but  also  the  Atrypa  hemisphcerica, 
with  the  Phacops  Stokesii  of  the  Wenlock  limestone  ;  and  thus 
leaving  no  doubt  that  we  have  there  reached,  as  I  formerly  showed, 
the  base  of  the  Upper  Silurian  rocksf. 

In  Norway,  however,  where  the  area  under  consideration  is  much 
larger,  and  where  all  the  Silurian  strata  are  clearly  exposed  in  numerous 
convolutions  in  the  different  islets  of  the  Bay  of  Christiania,  there  is, 
independently  of  all  breaks  caused  by  the  intrusion  of  igneous  rocks, 
a  perfectly  conformable  succession  from  the  Lower  to  the  Upper 
Silurian^.  There,  as  in  Esthonia,  the  Pentamerus-zone  is  simply 
the  central  link  of  an  unbroken  Silurian  chain ;  so  local  is  the  phy- 

sical disturbance  in  the  Welsh  region  seen  to  be,  when  the  whole 
surface  of  Northern  Europe  is  explored. 

Whilst  the  Norwegian  and  Swedish  sections  are  so  valuable  in 
showing  the  base  of  the  System,  the  Esthonian  order  of  the  fos- 

siliferous strata  is  highly  instructive  hi  demonstrating  the  accord- 
ance of  the  Upper  Silurian  rocks  with  our  own.  The  observations  of 

M.  Schmidt  are,  indeed,  most  valuable  in  placing  before  us,  for  the 
first  time,  a  complete  exposition  of  all  the  natural  subdivisions  of  the 
Silurian  series  of  so  large  a  part  of  European  Russia.  In  Esthonia, 
the  approximation  to  the  British  succession,  from  the  Llandeilo  for- 

mation to  the  summit  of  the  Upper  Silurian,  is  very  remarkable. 
Just  as  in  Norway,  England,  and  America,  so  in  Esthonia  the 

*  See  Proc.  Geol.  Soc.  vol.  ii.  p.  13;  Sil.  Syst.  p.  442,  pi.  36.  f.  13;  Sedgwick 
and  M'Coy,  Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  215;  and  Phil.  Mag.  4th  Ser. 
vol.  viii.  p.  301,  &c. 

f  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  149. 
t  See  the  diagram-section  across  the  Territory  of  Christiania,  Quart.  Journ. 

Geol.  Soc.  vol.  viii.  p.  182. 
E   2 
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transition-zone  from  the  Lower  to  the  Upper  Silurian  is  the  deposit 
laden  with  Pentameri,  to  which  the  name  of  Llandovery  Rocks  has 
been  assigned,  because  it  was  long  ago  described  by  me  at  and  around 
the  town  of  Llandovery  in  South  Wales.  Whilst  the  Wenlock  fauna 
is  quite  recognizable  in  Esthonia,  as  in  Norway,  the  fossils  of  the 

highest  zone  of  the  former  country,  including  many  large  Crusta- 
ceans (Eurypteridce),  with  Lingula  cornea  and  Trochus  helicites,  are 

strikingly  characteristic  of  the  Ludlow  rocks. 
Such  agreement  between  those  remote  foreign  rocks  and  our  strata 

of  the  same  age  is  the  more  remarkable,  when  we  consider  the 
difference  in  thickness  and  the  simplicity  of  lithological  characters 
of  the  deposits  in  these  northern  countries,  as  compared  with  the 

vastly  extended  British  types.  The  thousands  of  feet  of  diver- 
sified British  Silurian  rocks,  whether  slates,  schists,  shales,  conglo- 

merates, sandstones,  quartz-rocks,  limestones,  mudstones,  with  vast 
sheets  of  interstratified  igneous  rocks,  are  represented  in  the  Baltic 
provinces  of  Russia  by  little  more  than  one  lithological  character 
only.  There,  they  are  all  closely  united  calcareous  masses,  any 
one  of  which  has  so  great  a  resemblance  to  another,  that,  without 

the  aid  of  Palseontology,  they  could  never  be  separated  or  distin- 
guished. The  united  Lower  and  Upper  Silurian  constitute,  in  fact, 

to  use  the  language  of  Count  Keyserling,  "but  a  single  volume  of 
limestone  of  small  capacity  and  thickness,  capable  of  division  into 
leaves  by  that  person  only  who  is  acquainted  with  their  included 

fossils ;"  the  whole  series  not  exceeding  2000  feet,  and  all  the  strata 
graduating  into  each  other  by  conformity  of  deposition. 

The  interest,  however,  which  attaches  to  the  full  illustration  of 
these  Northern  European  types  of  the  oldest  known  fossiliferous 
rocks,  does  not  terminate  with  the  precise  comparison  between  them 

and  the  British  contemporary  formations*. 
The  same  species,  even,  are  found  to  prevail  far  to  the  westward  in 

northern  latitudes.  Small  as  are  the  deposits,  in  vertical  dimensions, 
both  of  Scandinavia  and  Russia,  the  very  same  succession  of  life 
which  they  offer  is  found  to  be  persistent  from  those  countries 
across  the  British  Isles  to  the  heart  of  North  America.  The  vastly 
extended  Lower  Silurian  rocks  of  the  United  States  and  Canada, 

and  the  enormously  spread  Upper  Silurian  of  the  Arctic  Regions, 
are,  like  those  of  our  own  country,  the  absolute  historical  equivalents 
in  time  of  the  thin  and  simple  series  described  on  this  occasion,  and 
exhibit  a  vast  number  of  forms  specifically  identical  with  those  I 
have  enumerated. 

Other  species,  however,  of  Silurian  typical  genera  prevail  through- 
out the  southern  region  of  Europef.  Already  we  know  that  the 

Silurian  rocks  of  France  and  Spain,  as  illustrated  and  compared  by 

*  It  is  true,  that  in  Russia  there  are  fewer  British  species  than  in  Sweden  and 
Norway,  but  this  is  just  what  we  might  expect  from  the  relative  distances  of 
those  lands  from  our  own  country. 

f  With  additional  researches,  may  not  this  Silurian  type  of  Southern  Europe 
and  Siberia  be  found  to  have  its  equivalents  in  the  central  and  southern  parts 
of  America  ? 
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my  distinguished  associate,  De  Verneuil,  have,  however,  many  specific 
equivalents  in  the  Lower  Silurian  rocks  of  that  Bohemian  basin  which 
has  been  rendered  classic  through  the  works  of  M.  Barrande. 

Count  Keyserling  further  recalls  my  attention  to  the  fact,  that 
the  Ural  Mountains  and  Siberia  fall  into  the  same  category.  This 
comparison,  which  was  to  some  extent  shadowed  forth  in  the  work 

'Russia  and  the  Ural  Mountains,'  published  in  1845,  has  been  stri- 
kingly confirmed  by  the  researches  of  M.  Griinewaldt  into  the  cha- 
racters of  the  fossils  of  the  eastern  flank  of  the  Ural  Mountains  near 

Bogoslofsk  (lat.  61°).  Again,  M.  Hofmann  concludes  his  Siberian 
work  in  terms  which  show,  that  the  parallel  was  suggested  eleven 
years  ago  by  Keyserling,  as  a  result  of  his  researches  and  comparisons 
in  the  Northern  Ural.  In  short,  my  coadjutor  long  ago  directed 
notice  to  the  fact,  that,  both  in  palseontological  contents  and  litho- 
logical  characters,  the  Silurian  rocks  on  the  eastern  side  of  the  Ural 
Mountains  were  dissimilar  to  those  of  European  Russia  and  Scandi- 

navia. Metamorphism  alone,  he  always  contended,  could  not  explain 
this  essential  difference.  The  conditions  of  life,  he  added,  had  been 
one  thing  in  the  seas  that  occupied  the  Siberian  area,  and  another  in 

*  the  waters  which  covered  the  low  countries  of  western  and  southern 
Europe  during  the  Silurian  epoch. 

Since  that  time,  this  distinction  of  the  varying  faunas  in  contem- 
poraneously formed  basins,  separated  from  each  other  during  the 

older  palaeozoic  period,  has  been  abundantly  developed  by  M.  Bar- 
rande, who  has  well  shown  the  specific  distinctions  between  the  animals 

which  inhabited  respectively  the  regions  of  Bohemia  and  Scandinavia 
during  the  Silurian  era. 

It  is  to  the  similarity,  on  the  contrary,  of  the  organic  remains  in 
the  northern  zone  of  Silurian  rocks,  which  extends  over  so  vast  a 
space,  that  attention  has  been  mainly  directed  on  this  occasion. 

Finally,  let  me  state,  that  another  chief  object  I  have  had,  in 
bringing  together  the  observations  of  Count  Keyserling,  Professor 
Schmidt,  and  M.  Kjerulf,  with  comparisons  of  my  own,  is  to  demon- 

strate that  in  Scandinavia,  as  in  Russia  in  Europe,  Silurian  rocks, 
both  Lower  and  Upper,  and  copiously  charged  with  characteristic 
organic  remains,  form  a  united  and  unbroken  whole ;  and  that, 
whether  viewed  palseontologically  or  geologically,  they  exhibit 
throughout  those  northern  European  regions,  and  in  a  very  small 

compass,  a  natural-history  system  quite  as  complete,  and  more 
easily  understood,  than  their  much  more  expanded,  highly  varied, 
and  dislocated  equivalents  in  the  British  Isles. 
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May  20,  1857. 

Lieut.  H.  Thurburn,  of  the  42nd  Regiment  M.I.,  and  James 
Salter,  M.B.,  F.L.S.,  6  Montagu  Street,  were  elected  Fellows.  Dr. 

H.  B.  Geinitz,  Professor  of  Geology  and  Mineralogy  in  the  Univer- 
sity at  Dresden,  was  elected  a  Foreign  Member. 

The  following  communications  were  read  : — 

1.  Description  of  a  small  Lophiodont  Mammal  (Pliolophus  vul- 
piceps,  Owen),  from  the  London  Clay,  near  Harwich.  By 
Prof.  Owen,  F.R.S.,  F.G.S.,  &c. 

[Plates  II.,  III.,  IV.] 

4  Contents. 
Introduction. 
Description  of  the  skull. 
Comparison  of  the  skull  with  that  of  other  Mammalia. 
Description  of  the  teeth. 
Affinities  of  the  P.  vulpiceps,  as  shown  by  the  skull  and  teeth. 
Bones  of  the  extremities : — Humerus ;  Femur  ;  Tibia ;  Metatarsal  bone. 
Remarks  on  the  limb-bones. 

Introduction. — The  remains  of  Mammalia  from  Eocene  beds  below 
the  Binstead,  Gypseous,  and  Headon  or  Hordwell  series  have  hitherto 
been  very  scanty,  and  for  the  most  part  fragmentary  ;  whether  from 
the  clays  of  Loudon  and  Bracklesham,  or  from  the  equivalent  sands, 

conglomerates,  or  "calcaires  grossiers"  of  the  Continent.  The  best 
evidence  of  Pachynolophus — a  Lophiodont  genus  represented  by 
species  of  small  size,  characteristic  of  the  conglomerate  of  Mont 

Bernon  (Pachynolophus  Vismcei,  Pomel)  and  of  the  "  calcaire  gros- 
sier  "  of  Nanterre,  Passy,-  and  Vaugirard  (Pachynolophus  Duvalii, 
Pomel), — consists  of  portions  of  upper  and  lower  jaws,  with  teeth. 

The  Dichobune  suillum,  Gervais,  from  the  "calcaire  grossier  "  of 
Passy,  if  it  be  a  true  Dichobune,  rests  upon  a  fragment  of  mandible 
with  three  teeth,  and  on  a  few  detached  teeth,  with  an  astragalus. 
The  genus  Propalceotherium,  Gervais  (Palceotherium  isselanum  and 
Pal.  aurelianum,  Cuv.),  is  represented  by  similar  fragmentary  evi- 

dences of  jaws  and  teeth  from  the  lacustrine  calcareous  deposits  at 
Buchsweiler,  on  the  Lower  Rhine,  at  Issel  in  the  department  of  Aude, 
and  at  Argenton.  The  fossil  eocene  Monkey  (Macacus  [Eopithecus] 
eoccenus)  is  known  only  by  a  small  fragment  of  the  under  jaw  with 
two  teeth,  and  by  a  detached  mandibular  molar  from  the  lower 
eocene  sand  of  Suffolk.  The  best  and  most  instructive  mammalian 

fossil  hitherto  obtained  from  the  London  clay  has  been  the  portion 
of  cranium  with  the  molar  series  of  teeth  on  which  the  genus  Hyra- 
cotherium*  was  founded.  But  the  subject  of  the  present  commu- 

nication is  an  entire  skull  with  the  complete  dentition  of  both  upper 
and  lower  jaws  (Plates  II.  and  III.)  and  a  portion  of  the  skeleton  of 

*  Trans.  Geol.  Soc.  2nd  series,  vol.  vi.  p.  203,  pi.  24. 
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the  same  individual,  including  the  right  humerus,  PL  IV.  figs.  1-4, 
the  right  femur,  ib.  figs.  5  and  6,  a  great  part  of  the  left  femur,  the 

left  tibia,  PL  IV.  figs.  10-13,  and  three  metatarsal  bones,  ib.  fig.  14, 
apparently  of  the  same  hind  foot.  There  have,  also,  been  extracted 
recognizable  portions  of  the  pelvis,  and  some  fragments  of  ribs ; 
other  fragments  of  ribs,  vertebrae,  and  small  bones  are  left  in  the 
matrix.  The  osseous  tissue  is  silicified  and  partly  impregnated  with 
pyritic  matter. 

This,  therefore,  is  the  most  complete  and  instructive  mammalian 
fossil  of  the  age  of  the  London  Clay  which  has  hitherto  been  dis- 

covered, and  its  study  is  replete  with  peculiar  interest. 
In  the  course  of  last  winter  Mr.  Colchester,  the  able  and  success- 
ful explorer  and  collector  of  organic  remains  of  the  eocene  sands  at 

Kyson,  Suffolk,  brought  to  the  British  Museum  for  my  inspection 
one  of  the  nodules  of  the  Roman-cement  bed  of  the  London  clay, 
near  Harwich,  from  which  nodule  a  portion  had  been  chipped  off, 
exposing  on  the  fractured  surface  the  faint  outline  of  a  skull,  in  size 
and  shape  like  that  of  a  fox. 

This  appearance  had  arrested  the  further  progress  of  the  breaking- 
up  of  the  nodule  by  the  workmen,  and  the  specimen  came  into  the 
possession  of  the  Rev.  Richard  Bull,  M.A.,  Vicar  of  Harwich,  by 
whom  it  was  intrusted  to  Mr.  Colchester  for  my  opinion  respecting 
the  nature  of  the  fossil,  and  by  whose  liberal  permission  the  subse- 

quent operations  were  carried  out,  by  which  I  am  enabled  to  com- 
municate to  the  Society  the  following  description  of  a  new  genus  and 

species  of  perissodactyle  pachyderm,  for  which  I  propose  the  name 

of  Pliolophus  vulpiceps*,  or  Fox-headed  Plioloph. 
The  nodule  presented  the  common  subspherical  form,  and  was 

about  a  foot  in  diameter.  On  closely  inspecting  the  fractured  sur- 
face, indications  of  other  bones,  besides  the  skull,  were  detected,  and 

as  the  work  of  exploration  proceeded,  it  plainly  appeared  that  the  car- 
case, or  great  part  of  the  carcase,  of  a  quadruped,  about  the  size  of  a 

fox,  had  formed  the  nucleus  round  which  the  clay,  modified  by  the 
chemical  constituents  of  the  dissolving  and  decomposing  flesh,  had 
become  aggregated  and  consolidated. 

I  have  rarely  broken  up  any  septarian  nodule  of  the  London  clay, 

which,  thus  altered,  forms  the  chief  material  of  the  f  Roman  cement,' 
without  detecting  some  organic  relic  which  seemed  to  stand  in  the 
relation  of  a  nucleus  to  such  compact  spheroid  mass. 

The  hardness  and  compactness  of  the  matrix  are  extreme ;  but,  by 

the  aid  of  the  lapidary's  saw  and  the  skilful  and  careful  use  of  the 
chisel,  Mr.  Dew,  by  whom  most  of  the  Sewalik  fossils  in  the  British 
Museum  were  brought  to  their  present  instructive  state,  succeeded 

*  Accomplished  Palaeontologists  of  France  having  included  one  of  the  elements 
of  the  term  Lophiodon  (XoQiov  a  small  crest,  odovs  a  tooth)  in  the  names  of  sub- 

genera of  the  Lophiodont  family,  as,  e.  g.,  in  Pachynolophus,  the  same  principle 
has  guided  to  the  choice  of  the  term  Pliolophus  for  the  present  accession  to  the 
family.  By  it  I  simply  mean  that  it  is  more  near  to  the  Lophiodont  type  than 
its  close  ally  the  Hxjracotherium.  But  the  sooner  a  term  becomes  an  arbitrary 
sign  the  better. 
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in  extricating  entire  the  skull,  arid  in  relieving  it  from  the  surround- 
ing closely  adherent  matrix,  and  subsequently  in  working  out  the 

other  bones  above  specified. 

Description  of  the  Skull :  Plate  II. — The  skull  is  moderately 
long,  slender,  tapering  gradually  from  the  zygomatic  region  to  the 
muzzle,  PI.  II.  fig.  2,  with  an  unusually  straight  upper  outline,  from 
the  occipital  crest  to  the  end  of  the  nasal  bones,  PI.  II.  figs.  3  and  4. 
The  bony  rim  of  the  orbit,  fig.  3,  or,  is  incomplete  behind  for  an  ex- 

tent of  about  one-fifth  of  its  circumference. 

The  occipital  region  is  triangular,  bounded  by  a  strong  occipital 
crest,  3,  which  is  continued  on  each  side  into  the  upper  border  of  the 
zygomatic  arch,  PL  II.  fig.  3,  27,  and,  by  the  middle  of  its  upper 
part,  with  a  parietal  crest,  7.  This  latter,  rising  clearly  above  the 
calvarian  surface,  PI.  II.  fig.  4,  to  an  extent  of  from  one  to  two  lines, 
advances  forward  one  inch  nine  lines,  and  bifurcates,  subsiding  to  the 
level  of  the  frontal  surface,  11,  each  division  diverging  and  curving 
outward,  with  the  convexity  forward,  to  the  post-frontal  process,  12, 
which  projects  backward  and  a  little  downward,  terminating  freely 
about  8  lines  above  the  zygoma,  26,  27.  The  interorbital  part  of  the 
frontal  region,  ib.  11,  is  nearly  flat  at  its  middle,  and  bends  gently 
down  on  each  side  to  the  superorbital  border.  The  long  nasals,  is, 
form  the  rest  of  the  upper  surface  of  the  skull,  which  is  at  first  mo- 

derately convex  transversely,  and  is  then  grooved  along  the  mid-line 
to  the  free  ends  of  the  nasals.  These  bones  are  13  lines  across  their 

base,  and  gradually  contract  to  a  breadth  of  7  lines,  which  they  re- 
tain for  the  terminal  inch  of  their  extent. 

The  zygomatic  arch,  springing  outward  and  a  little  forward  from 
its  hinder  root  or  pier,  PI.  II.  fig.  3,  27,  describes  a  slight  sigmoid 
flexure,  first  convex  then  concave  upward,  where  it  forms,  26,  the 
lower  border  of  the  orbit ;  this  border  extends  some  4  or  5  lines 
further  outward  than  the  upper  border.  There  seems  not  to  have 
been  a  zygomatic  process  rising  toward  the  postfrontal,  12,  but  a 
mere  convexity  of  the  upper  border  of  the  zygoma  behind  the  orbit. 
The  extreme  vertical  diameter  of  the  zygoma  is  4  lines.  The  cerebral 
part  of  the  cranium  forming  the  inner  wall  of  the  temporal  fossa 
shows  the  greatest  expansion  of  the  brain  at  about  the  middle  of  that 
fossa,  behind  which,  on  both  sides,  the  concavity  exhibits  several 
irregular  indentations  and  some  vascular  perforations.  There  is  no 
superorbital  foramen  ;  a  very  feeble  indent  of  the  base  of  the  post- 
orbital  process  is  the  sole  indication  of  the  place  of  issue  of  the  super- 

orbital nerve.  The  antorbital  foramen,  PI.  II.  figs.  3  and  4,  a,  about 
1J  line  in  diameter,  is  situated  9  lines  in  advance  of  the  orbit,  and 
between  2  and  3  lines  above  the  alveolus  of  the  second  premolar. 

The  vertical  outer  plate  of  the  maxillary,  21,  slightly  expands  where 
it  forms  the  sockets  of  the  small  canine,  c.  The  sides  of  the  bony 
nostril  are  almost  straight,  extending  from  a  distance  of  5  lines  from 
the  free  ends  of  the  nasal,  o,  obliquely  downward  and  forward,  and 

being  formed  by  the  premaxillary  bones,  PL  II.  fig.  4,  22  :  the  ver- 
tical extent  of  the  aperture  is  about  10  lines. 
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The  mandible,  29,  30,  had  been  dislocated,  about  4  lines  in  advance  of 
its  place  of  articulation,  prior  to  the  consolidation  of  the  surrounding 
matrix,  by  which  it  is  now  fixed  with  the  lower  teeth  to  the  same 
degree  in  advance  of  their  correspondents  above,  as  in  PL  II.  fig.  3. 
This  dislocation  enables  the  flattened  surface  of  the  major  part  of 
the  glenoid  cavity  to  be  brought  into  view,  at  g,  fig.  3.  In  figure  4 
the  mandible  is  figured  as  in  its  proper  position. 

The  ascending  ramus  of  the  mandible  developes  a  short  recurved 
coronoid  process,  PL  II.  fig.  4,  r ;  below  this  and  the  condyle  d,  it 
expands,  gradually  extending  backward  as  it  descends  from  the 
condyle,  describing  an  irregular  convex  curve  as  it  passes  into  the 
under  border,  and  forming  a  broad  angular  plate,  29,  for  the  implant- 

ation of  the  pterygoid  and  masseter  muscles.  The  fossa  indicating 
the  insertion  of  the  temporal  muscle,  fig.  3,  t,  is  limited  to  the  upper 
half  of  the  ascending  ramus,  where  it  is  bounded  by  a  curved  line  or 
bank  continued  downward  and  forward  from  the  outer  part  of  the 
condyle  :  the  anterior  border  of  the  depression  subsides  upon  the 
part  of  the  jaw  which  extends  outward  from  the  alveolus  of  the  last 
molar.  The  outer  side  of  the  horizontal  ramus  of  the  mandible  is 

lightly  convex  :  the  lower  border,  continued  from  the  broad  rounded 
angle,  is  at  first  gently  concave,  then  as  slightly  convex.  The  ramus 
very  gradually  decreases  in  depth  to  the  first  premolar,  below  which 
the  symphysis  begins,  PL  II.  fig.  1,  s,  i.  Here  the  mandible  is  a 
little  compressed  and  again  expands  slightly  to  form  the  alveoli  of 
the  canines,  c,  and  incisors,  i,  1,  2,  3.  The  line  of  the  symphysis 
rises  very  gradually  to  the  incisive  border,  s  i,  figs.  1  and  2,  PL  II. 

The  following  traces  of  sutures  are  unmistakeable  :  the  squamous, 
PL  II.  fig.  3,  q,  continued  forward  from  the  irregular  depressions 
on  the  side  of  the  cranium,  at  first  straight,  then  with  a  downward 
curve  ;  the  straight  part  is  9  lines  below  the  sagittal  crest,  7  :  the 
interfrontal  suture,  PL  II.  fig.  2,  11,  continued  into  the  internasal  one, 
ib.  15,  along  the  midline  of  the  facial  part  of  the  skull :  the  fronto- 

nasal suture,  ib.f,  describes  a  slight  sigmoid  curve,  as  it  extends 
transversely  outward  and  downward  to  the  lacrymal,  73,  fig.  3,  PL  II. 
The  suture  connecting  this  bone,  73,  to  the  maxillary,  21,  and  malar, 
26,  shows  that  its  facial  plate  is  about  4  lines  in  vertical,  and  3  in 
fore-and-aft,  diameter.  The  malar,  26,  forms  the  lower  half  of  the 
fore  part  of  the  orbit ;  the  anterior  end  of  its  almost  horizontal  suture 
with  the  squamosal,  27,  begins  just  below  the  postorbital  process. 
The  naso-maxillary  suture,  PL  II.  figs.  3  and  4,  m,  is  nearly  straight, 
1  inch  in  length ;  its  continuation  by  the  naso-premaxillary  suture  n 
is  about  6  lines  in  extent ;  but  this  part  of  the  lower  border  of  the 
nasal,  12,  is  slightly  convex  downwards,  with  a  corresponding  curve 
of  the  suture.  The  maxillo-premaxillary  suture,  p,  is  almost  a  straight 
line,  parallel  with  the  lateral  border  of  the  nasal  aperture. 

The  following  are  admeasurements  of  the  skull  of  the  Pliolophus, 
with  some  comparative  admeasurements  of  that  of  the  Hyracothe- 
rium  : — 



58 PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [May  20, 

Length  of  skull     
Extreme  breadth  of  skull,  at  the  zygomata    
Extreme  breadth  of  cerebral  part  of  cranium    
Breadth  across  postfrontal  processes   
Breadth  of  upper  jaw  opposite  first  premolars   
Vertical  diameter  of  skull  opposite  first  true  molar 
Vertical  diameter  of  orbit     
From  occipital  crest  to  fore  part  of  orbit    
From  occipital  crest  to  fore  part  of  temporal  fossa 
From  the  fore  part  of  the  orbit  to  the  end  of  nasals 
Length  of  mandible       
Length  of  symphysis  mandibular    
Breadth  of  ascending  ramus    
Height  of  ascending  ramus  at  the  condyle     
Height  of  ramus  below  first  true  molar      
Extent  of  molar  series,  upper  jaw   
Extent  of  molar  series,  lower  jaw   
Extent  of  three  true  molars,  upper  jaw      
Extent  of  the  four  premolars,  upper  jaw    
Extent  of  three  true  molars,  lower  jaw   
Extent  of  the  four  premolars,  lower  jaw    

Pliol 

ophus 

Hyracotherium 
vulpiceps. leporinum. 
in. lines. 

in. 
lines. 

5 0 
2 2 
1 3 
1 

6* 

1 7 
0 9 0 11 
1 4 1 

6* 

0 9 1 0 
2 9 
2 2 
2 3 
4 4 
1 0 
1 6 
1 6 
0 7 
1 

11 
2 0 

2 0 
0 

11* 

1 1 
0 

11* 

0 11 
1 0 
1 0 

Comparison  of  the  Skull. — The  extent  and  well-defined  boundary 
of  the  temporal  fossae  by  the  occipital,  parietal,  and  post-frontal 
ridges,  and  their  free  communication  with  the  orbits,  give  almost  a  car- 

nivorous character  to  this  part  of  the  cranium  of  Pliolophus  :  but,  as 
in  the  Hog,  Hyrax,  and  Palseothere,  the  greatest  cerebral  expansion 
is  at  the  middle  and  toward  the  fore  part  of  the  fossae,  with  a  con- 

traction toward  the  occiput ;  the  brain-case  not  continuing  to  enlarge 
backward  to  beyond  the  origin  of  the  zygomata,  as  in  the  Fox. 

The  zygomatic  arches  have  a  less  outward  span,  especially  at  their 
hinder  pier,  27,  than  in  the  Carnivora.  In  this  part  of  the  cranial 
structure  Pliolophus  resembles  Palceotherium  more  than  it  does  any 

existing  mammal ;  but  the  post-frontal  processes  are  longer  and  more 
inclined  backward. 

The  incompleteness  of  the  orbit  occurs  in  both  Anoplotherium  and 

Palceotherium,  as  in  Rhinoceros,  Tapirus,  and  the  Hog-tribe ;  but, 
in  the  extent  of  the  deficient  rim,  Pliolophus  is  intermediate  between 
Palceotherium  and  Tapirus.  The  orbit,  PI.  II.  fig.  3,  or,  is  not  so 
low  placed  as  in  Palceotherium,  Tapirus,  and  Rhinoceros,  nor  so  high 
as  in  Hyrax  or  Sus.  The  straight  upper  contour  of  the  skull  is  like 
that  in  the  Horse-tribe  and  Hyrax,  and  differs  from  the  convex  con- 

tour of  the  same  part  in  the  Anoplothere  and  Palseothere.  The  size 
of  the  antorbital  foramen,  PI.  II.  figs.  3  and  4,  a,  indicates  no  unusual 
development  of  the  muzzle  or  upper  lip.  In  the  conformation  of  the 
nasal  aperture  by  four  bones  (two  nasals,  15,  and  two  premaxillaries, 
22),  Pliolophus  resembles  the  Horse,  Hyrax,  Hog-tribe,  and  Anoplo- 

there, and  differs  from  the  Rhinoceros,  Tapir,  and  Palseothere,  which 
have  the  maxillaries,  as  well  as  the  nasals  and  premaxillaries,  enter- 

ing into  the  formation  of  the  external  bony  nostril. 
The  ungulate   and  herbivorous  character  of  Pliolophus  is  most 
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distinctly  marked  by  the  modifications  of  the  lower  jaw,  especially  by 
the  relative  dimensions  of  the  parts  of  the  ascending  ramus  which 

give  the  extent  of  attachment  of  the  biting  (temporal,  i)  and  grind- 
ing (masseteric  and  pterygoid,  29)  muscles  respectively.  In  the 

shape  of  the  mandible  Pliolophus  most  resembles  Tapirus  among 
existing  mammals,  and  the  Palceotherium  among  the  extinct  ones 
in  which  that  shape  is  known.  Unfortunately  no  mandible  of  a  true 
Lophiodon  has  yet  been  found  so  entire. 

As  far  as  the  portion  of  the  skull  of  the  Hyracotherium  leporinum 
permits  the  comparison  to  be  made,  there  is  a  close  general  resem- 

blance between  it  and  Pliolophus  ;  but  the  skull  of  the  Hyracothere 
is  broader,  at  the  orbital  region,  in  proportion  to  the  length  of  the 

antorbital  or  facial  part*.  The  orbits  are  both  absolutely  and  rela- 
tively larger  ;  they  are  also  rounder  and  have  a  lower  position.  The 

straight  upper  contour  of  so  much  of  the  skull  of  the  Hyracothere 
as  has  been  preserved,  the  size  and  position  of  the  antorbital  fora- 

men, the  course  of  the  maxillo-premaxillary  suture,  and  the  forma- 
tion of  the  bony  nostril  by  the  nasals  and  premaxillaries  exclusively, 

are  further  indications  of  the  affinity  of  Hyracotherium  to  Plio- 
lophus. 

This  affinity  is  decisively  shown  by  the  more  important  characters 
derived  from  the  dentition. 

Description  of  the  teeth  of  Pliolophus :  Plate  III. — As  in  the 
Hyracotherium,  and,  indeed,  as  in  almost  every  species  of  Eocene  qua- 

druped yet  discovered,  the  Pliolophus  presents  the  type-dentition 
of  the  placental  Diphyodont  series,  viz. : — 

•  3—3      1—1      4—4       3—3        . . 

1  §-5>c  i-i>i>i-i'™3=§  -44. 
The  incisors,  PL  II.,  i  1,  2, 3,  are  preserved  in  the  lower  jaw  with 

marks  of  attrition  on  their  crowns  demonstrating  corresponding 
teeth  of  the  same  number,  6,  and  of  similar  size,  in  the  upper  jaw, 
from  which  the  alveolar  part  of  the  premaxillaries  had  been  broken 
away. 

The  lower  incisors,  PL  II.  fig.  1,  u,  2, 3,  form  a  semicircle  termi- 
nating the  slender  sloping  symphysis  mandibulae,  s,  and  projecting 

parallel  with  it,  so  as  to  be  almost  procumbent,  PL  II.  figs.  3  and  4,  i. 
Their  crowns  present  the  common  wedge-shaped  form,  with  the 
trenchant  border  obliquely  beveled  off,  and  the  more  so  from  the 
first,  i  1,  to  the  third,  i  3 :  they  slightly  decrease  in  size,  or  at  least 
in  length  of  crown  in  the  same  course  ;  but  the  outer  incisor,  i  3,  is 
not  so  small  relatively  as  in  the  Tapir.  The  degree  of  attrition  to 
which  they  have  been  subject  produces  a  certain  breadth  of  the 
trenchant  border. 

The  canines,  ib.  c,  are  small  in  both  jaws :  only  the  crown  of  the 
right  lower  one,  PL  II.  fig.  3,  c,  is  entire :  it  is  about  4  lines  long, 
in  the  form  of  a  slender  cone,  inclined  a  little  forwards,  with  the 
front  border  convex,  the  hind  one  more  nearly  straight.  The  lower 
canine  is  separated  by  an  interval  equal  to  its  own  basal  breadth,  viz. 
about  2  lines,  from  the  outer  incisor,  and  by  an  interval  of  5  lines 

*  Op.  cit.  pi.  21.  fig.  2. 
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from  the  first  premolar.  In  the  upper  jaw  the  canine  is  separated 
by  a  rather  wider  space  than  in  the  lower  jaw  from  the  incisors,  and 
by  a  rather  narrower  space  from  the  premolars.  In  thickness  of 
base  and,  apparently,  in  length  and  shape  of  crown,  the  upper  canines 
resembled  the  lower  ones.  The  premolars,  p,  and  molars,  m,  form  a 
continuous  series  on  each  side  of  both  jaws  ;  except  that  a  space  of 
about  a  line  intervenes  between  the  first  and  second  premolars  in  the 
lower  jaw. 

The  premolars  increase  in  size  and  complexity  to  the  fourth,  which 
nearly  equals  that  of  the  true  molars.  The  last  of  these,  m  3,  in  the 
lower  jaw,  presents  a  third  lobe.  In  PI.  II.  fig.  3,  the  premolars  of 
the  upper  jaw  are  marked  1,  2,  3,  4 :  the  true  molars  of  the  lower 
jaw  are  marked  1,  2,  3  :  the  dislocation  of  the  jaw  carries  these  one 
tooth  in  advance.  In  the  upper  jaw,  the  first  premolar,  PI.  II.  fig.  3, 
p  1,  presents  the  common  subcompressed  conical  shape,  with  the 
base  of  the  crown  swelling  out  below  the  fangs,  and  the  protuberant 
part  continued  along  the  outside  of  the  middle  part  to  the  apex  of 
the  cone  ;  on  each  side  of  this  prominence  the  crown  presents  a  de- 

pression ;  and  the  surface,  though  polished,  is  broken  by  a  few  irre- 
gular longitudinal  indentations,  which  give  the  enamel  a  slightly 

wrinkled  character. 

The  second  premolar,  p  2,  resembles  the  first ;  but  is  somewhat 
larger,  especially  thicker,  and  with  the  front  and  back  parts  of  the 
base  more  produced;  an  outer  longitudinal  groove  near  the  summit 
of  the  cone  indents  it  deeply. 

The  third  premolar,  p  3,  has  two  cones  on  the  outer  side,  and  an 
anterior  basal  talon  ;  from  this  a  slight  ridge  is  continued  upon  the 
outer  part  of  the  anterior  cone :  the  whole  outer  base  of  the  poste- 

rior cone  is  girt  by  a  similar  low  cingulum,  continued  into  a  rudi- 
mental  talon  behind.  The  crown  expands  posteriorly,  and  its  work- 

ing surface  is  increased  by  an  internal  ridge,  and  the  valley  dividing 
it  from  the  two  outer  cones. 

In  the  fourth  premolar,  the  crown,  PI.  III.  figs.  1  &  2,  p  4,  with 
an  increase  of  thickness,  presents  greater  complexity  :  the  cingulum 
is  uninterrupted  along  the  outer  side  from  its  anterior  well-developed 
talon,  cf,  to  the  back  part  where  the  ridge,  t,  represents  the  talon. 
The  two  outer  cones  resemble  those  of  the  true  molars ;  but  there  is 

only  one  inner  cone,  and  the  crown  of  p  4  differs  accordingly  from 
that  of  m  1,  in  being  triangular  rather  than  square.  A  ridge,  r,  is 
continued  from  the  interspace  between  the  anterior  talon,  c\  and  the 
outer  anterior  lobe  obliquely  inward  and  backward  to  the  inner 
lobe,  swelling  into  a  small  tubercle  at  the  middle  of  its  course ;  a 
lower  rising,  hardly  to  be  called  a  tubercle,  intervenes  between  the 
inner  cone  and  the  outer  posterior  cone.  The  cingulum  forms  a 

well-marked  ridge,  t>  along  the  back  part  of  the  crown,  and  is  con- 
tinued more  feebly  round  the  base  of  the  inner  lobe,  with  a  brief  in- 

terruption at  its  most  prominent  middle  parts :  beyond  this  the 
cingulum  is  continued  into  the  anterior  basal  ridge,  which  expands 

into  the  small  antero-external  basal  tubercle,  c1.  The  fourth  upper 
premolar  is  implanted  by  two  external  and  one  internal  roots. 
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The  first  molar,  PI.  III.  fig.  2,  m  1,  shows,  as  usual,  a  greater 
amount  of  attrition  than  the  preceding  premolar  :  its  grinding  sur- 

face presents  four  low  thick  cones,  two  internal  as  well  as  two  ex- 
ternal :  each  external  cone  is  connected  with  its  opposite  internal  one 

by  a  low  ridge  extending  from  the  fore  part  of  the  external  to  the 
middle  of  the  internal  one,  and  swelling  into  a  tubercle,  r  and  s,  at 
the  middle  of  its  oblique  course.  The  cingulum,  c  c,  seems  to  be 
continued  uninterruptedly  round  the  crown  of  this  tooth,  thickest 
at  the  fore  and  back  part,  and  at  the  interspace  of  the  inner  lobes  ; 

and  developing  the  small  accessory  antero-external  tubercle,  c'.  The 
outer  lobes  are  connected  together  by  a  low  plate,  internal  to  the 
cingulum. 

The  degree  of  attrition  to  which  this  tooth  has  been  subject  has 
exposed  the  dentine,  which  is  surrounded  by  a  belt  of  thick  enamel 
upon  the  summits  of  the  four  principal  lobes  and  of  the  intervening 
tubercles.  This  molar  is  implanted  by  two  external  roots  and  by  a 
broad  internal  one,  longitudinally  indented  at  the  middle,  and  which 
may  divide  where  it  lies  deeper  in  the  jaw. 

The  second  molar,  m  2,  is  similar  to,  but  rather  larger  than,  the 
first ;  and  the  tubercle  on  the  oblique  ridge  connecting  the  two  hinder 
lobes  is  less  developed.  The  cingulum,  c,  is  obliterated  on  the  inner 
side  of  the  posterior  lobe.   The  implantation  of  the  tooth  is  like  that 
Of  Ml. 

The  last  molar  is  rather  narrower  behind  than  m  2  ;  the  tubercle,  r, 
on  the  anterior  of  the  oblique  connecting  ridge  is  smaller :  that  on 
the  posterior  ridge  is  almost  obsolete.  The  hinder  of  the  two  inner 
cones  is  relatively  less  and  lower  than  in  m  1  and  m  2,  and  is 
scarcely  defined  from  the  oblique  ridge  s ;  the  cingulum  is  inter- 

rupted at  its  inner  base  :  the  talon,  t,  formed  by  the  back  part  of 
the  cingulum  is  better  marked  than  in  the  other  molars.  In  all  these 
teeth  the  enamel  is  wrinkled  by  longitudinal  wavy  impressions. 

Of  the  mandibular  teeth,  PL  IV.  figs.  4,  5  &  6,  only  the  molar 
series  remain  to  be  described. 

The  first  premolar,  PI.  II.  figs.  3  &  4,  p  1,  is  small,  simple,  sub- 
compressed,  conical,  like  the  one  above  ;  but  it  stands  apart,  an  in- 

terval of  about  half  its  breadth  dividing  it  from  the  second  premolar. 
This  tooth,  ib.  pi9  of  rather  larger  size,  has  a  similar  form,  but 

with  a  better-marked  hinder  talon. 
In  the  third  premolar,  PL  III.  fig.  6,^)3,  the  talon,  c,  is  developed 

into  a  second  lobe,  which  is  lower  than  the  first.  The  first  or  front 

cone,  a,  shows  a  small  anterior  or  antero-internal  talon,  and  the  apex 
of  the  cone  is  cleft ;  a  ridge  from  the  inner  division,  b,  being  con- 

tinued obliquely  down  to  the  inner  angle  of  the  base  of  the  low  hinder 
cone,  c. 

In  the  fourth  premolar,  fig.  6,  p  4,  the  division  and  development 
of  the  anterior  lobe  has  proceeded  to  establish  a  pair  of  cones,  one 
external,  a,  the  other  internal,  b,  connected  anteriorly  by  a  basal 
ridge,  in  front  of  which  is  the  fore  part  of  the  cingulum.  The  low 
posterior  lobe,  c,  shows  the  rudiment  of  a  second  internal  cone,  d. 
The  cingulum  is  developed  at  the  fore  part,  and  feebly  between  the 
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two  outer  cones.  The  posterior  one,  c,  is  connected  by  a  ridge,  which 
advances  inward  and  forward,  to  the  interspace  between  the  anterior 
pair  of  cones. 

The  first  molar,  m  1,  with  an  increase  of  size  over  the  last  pre- 
molar, also  shows  an  equal  development  of  both  fore  and  hind  pair 

of  lobes  ;  the  summits  of  the  two  outer  lobes  are  more  abraded  than 

those  of  the  two  inner  ones,  and  the  dentine  is  exposed  in  each. 
The  same  oblique  ridge  is  continued  from  the  fore  part  of  the  postero- 

external lobe  to  the  interspace  between  the  anterior  pair  :  the  cin- 
gulum  is  not  developed  upon  the  internal  part  of  the  tooth,  but  it  is 
upon  the  external  part,  and  especially  upon  the  anterior  lobe :  pos- 

teriorly it  forms  a  kind  of  low  talon  wedged  into  the  interspace  of  the 
hinder  pair  of  lobes. 

The  second  molar,  m  2,  shows  an  increase  of  size ;  but  its  chief 
and  most  interesting  modification  is  the  development  of  a  tubercle,  e, 
between  the  two  anterior  lobes,  making  three  cones  on  the  same 
transverse  line,  and  thus  repeating  the  character  of  the  molar  tooth 
above.  The  oblique  ridge  from  the  outer  and  hinder  lobe,  c,  abuts 
against  the  intermediate  anterior  tubercle,  e.  The  inner  surface  or 
plane  of  the  inner  and  hinder  cone,  d,  inclines  as  it  extends  forward 
toward  the  middle  of  the  crown :  the  fore  parts  or  prolongations  of 
the  hinder  cones  thus  converge  as  they  pass  forward  toward  the 
middle  of  the  crown.  The  cingulum  extends  from  the  back  part  of 
the  crown  along  the  outer  side  to  the  fore  part.  Both  this  and  the 
preceding  molar  are  implanted  by  four  roots. 

The  third  molar,  m  3,  is  distinguished  by  its  greater  fore-and-aft 
extent,  due  to  its  additional  or  third  lobe.  The  ordinary  two  pairs 
of  cones  resemble  those  of  the  preceding  molar,  but  the  intermediate 
tubercle  between  the  anterior  pair  is  reduced  to  a  short  connecting 
bar.  The  hind  lobe  appears  to  have  been  divided  into  two  small 
cones,  but  this  part  of  the  tooth  was  fractured  in  the  attempt  to 
remove  the  very  hard  and  adherent  matrix. 

I  beg  to  express  my  obligations  to  the  accomplished  artist,  Mrc 
Ford,  for  the  pains  which  he  has  bestowed  in  attaining  the  utmost 
accuracy  in  the  figures  above  referred  to. 

Affinities  of  the  Pliolophus  vulpiceps  as  shown  by  the  skull  and 
teeth. — Before  proceeding  with  the  description  of  the  other  parts  of 
the  little  quadruped  which  have  been  extricated  from  the  septarian 
nodule,  it  may  be  convenient  to  record  here  the  deductions  as  to  the 
nature  and  affinity  of  the  Pliolophus  vulpiceps  which  may  be  drawn 
from  the  skull  and  teeth. 

The  form  of  the  articular  surface  for  the  lower  jaw,  and  above  all 
that  of  the  mandible  itself,  demonstrate  the  ungulate  and  more  or 

less  herbivorous  nature  of  Pliolophus.  Amongst  recent  non-rumi- 
nant Ungulates,  Tapirus  offers  the  nearest  resemblance  in  the  dispo- 

sition and  form  of  the  zygomatic  arch,  and  in  the  general  form  of 
the  lower  jaw  :  amongst  the  extinct  Ungulates,  Palceotherium  most 
resembles  Pliolophus  in  the  same  parts  of  the  skull,  with  a  nearer 
approach  than  the  Tapir  makes,  in  the  production  of  the  nasal 
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bones ;  but  in  this  character,  and  in  the  important  one  of  the  more 
simple  formation  of  the  nostril,  Anoplotherium  offers  a  closer  re- 

semblance to  Pliolophus.  In  the  almost  straight  upper  contour  of 
the  skull,  the  Horse  and  the  Hyrax,  amongst  existing  Ungulates, 
resemble  Pliolophus,  and  both  these  Perissodactyles  add  the  corre- 

sponding character  of  the  juncture  of  the  premaxillaries  with  the 
nasals,  which  Pliolophus  presents  in  common  with  the  Anoplothe- 
rioids.  But  the  orbit  is  circumscribed  by  bone  in  the  above-cited 
existing  Perissodactyles,  whilst  it  opens  behind  into  the  temporal 
fossa  in  both  Anoplotherium  and  P  alceotherium,  as  in  Pliolophus. 
Microtherium  resembles  the  small  Musk-deer  in  the  entire  bony 
frame  of  the  orbit. 

The  form  of  the  skull  in  Lophiodon  proper  has  not  yet  been  ascer- 
tained ;  but  the  comparative  simplicity  of  the  premolars  in  Pliolo- 

phus, and  the  configuration  of  the  surface  of  the  upper  true  molars, 
especially  the  last,  PL  III.  fig.  2,  m  3,  demonstrate  that  the  present 
small  Eocene  quadruped  has  the  nearest  affinity  to  the  Lophiodont 
family,  amongst  the  known  extinct  and  recent  members  of  the  class. 
To  a  Lophiodont  mammal,  indeed,  of  the  same  size  from  the  marls 

of  the  '  Calcaire  grossier '  in  the  vicinity  of  Paris  (Lophiodon  lepto- 
gnathum,  Gervais  *,  Hyracotherium  de  Passy,  De  Blainville  t)>  on 
which  M.  Pomel  subsequently  founded  his  subgenus  Pachynolophus, 
I  felt  most  inclined,  at  first,  to  refer  the  Pliolophus ;  and  it  was  in 
the  prosecution  of  this  comparison  that  I  determined  to  sacrifice  the 
entireness  of  one  side  of  the  fossil  skull,  in  order  to  obtain  a  more 

complete  and  satisfactory  view  of  the  grinding  surface  of  both  upper 
and  lower  molars  than  could  otherwise  be  got. 

For  the  comprehension  of  the  following  comparison,  PI.  II.  figs.  3 
&  4,  and  PI.  III.  fig.  2,  of  the  present  memoir  should  be  examined 
by  the  side  of  the  views  of  the  upper  molar  teeth  and  of  the  right 
mandible  and  teeth  of  the  Pachynolophus  (Lophiodon)  Buvalii,Vomel, 

which  M.  Gervais  has  given  in  his  excellent '  Zoologie  et  Paleontologie 
Francaise,5  4to,  pi.  17.  f.  1,  1  a  &  2.  Unfortunately  the  grinding 
surface  of  the  upper  molars  only  of  Pachynolophus  has  been  figured, 
and  with  these  I  proceed  to  compare  the  same  teeth  of  Pliolophus 
vulpiceps. 

I  may  premise  that  the  generic  or  family  character  of  the  upper 
molars  in  Lophiodon  is  the  development  of  the  outer  wall  of  the  true 
molars  and  last  premolar  into  two  cones,  and  by  the  continuation, 
therefrom,  in  the  true  molars,  of  two  oblique  ridges  which  thicken 
and  rise  into  rather  smaller  and  lower  cones  on  the  inner  side  of  the 

crown.  In  the  last  premolar  the  oblique  ridge  is  continued  only 
from  the  anterior  of  the  two  outer  cones,  and  expands  into  a  single 
large  cone  forming  the  inner  half  of  the  crown. 

In  Pachynolophus  as  in  Pliolophus  the  oblique  ridges  are  lower 
at  their  commencement,  in  comparison  with  their  inner  terminal 
cones,  than  in   Lophiodon,  and  accordingly  a   degree   of  attrition 

*  Comptes  Rendus  de  l'Acad.  des  Sciences,  Paris,  vol.  xxviii.  p.  547. 
f  Osteographie,  Lophiodonts,  p.  190.  pi.  2. 
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which  affects  the  enamelled  summit  of  the  whole  ridge  in  Lophi- 
odon, abrades  only  the  summits  of  the  inner  cones  in  Pachynolo- 

phus and  Pliolophus  ;  moreover  the  oblique  ridges  in  Pachynolo- 

phus  appear  from  M.  Gervais's  figure  to  dilate  a  little  in  breadth  at 
their  beginning,  but  this  swelling  is  not  so  marked  and  circumscribed 
as  in  Pliolophus,  and  consequently  an  intermediate  island  of  enamel, 

as  at  r  and  s,  PL  III.,  between  an  outer  and  inner  cone,  is  not  pre- 
sented in  any  of  the  molars  of  Pachynolophus,  although  the  first  of 

these,  m  i,  in  the  specimen  figured  by  M.  Gervais,  has  been  as 
much  worn  down  as  in  the  corresponding  molar  of  Pliolophus.  In 
this  respect  Pliolophus  presents  the  next  transitional  step  in  the 

passage  from  the  type-dentition  of  Lophiodon  to  that  of  Hyraco- 
therium,  in  regard  to  the  modification  of  the  working  surfaces  of 
the  molar  teeth. 

The  hinder  half  of  the  last  molar,  m  3,  presents  a  minor  area,  as 
in  Pachynolophus,  and  a  more  simple  configuration  ;  the  ridge  from 

the  postero-internal  cone  being  simple,  not  expanding  into  an  acces- 
sory tubercle. 

M.  Gervais  calls  attention  to  the  seeming  quadrilobate  character 
of  the  outer  side  of  the  crown  in  the  true  molars  of  Pachynolophus, 
produced  by  the  development  of  the  cingulum  into  a  tubercle  at  the 
fore  and  back  part  of  that  side  of  the  tooth.  Pliolophus  resembles 
Pachynolophus  in  the  tubercle  at  the  fore  part  of  the  outer  wall, 
but  the  cingulum  is  not  so  expanded  at  the  back  part  as  to  give  the 
appearance  of  a  fourth  cone.  In  this  respect  Pliolophus  resembles 
Lophiodon  proper. 

In  regard  to  the  lower  jaw,  the  lower  contour  of  the  symphysis  is 
in  the  same  line  with  that  of  the  lower  border  of  the  ramus  in  Pa- 

chynolophus, and  the  symphysis  with  the  incisor  teeth  are  more  pro- 
cumbent even  than  in  Pliolophus :  the  diastema  between  the  pre- 

molars and  canine  is  twice  as  long,  and  the  consequent  modification 
of  the  mandible  led  M.  Gervais  to  propose  the  specific  name  lepto- 

gnathum  for  the  small  Lophiodont  of  the  '  Calcaire  grossier,'  which 
M.  Pomel  had  previously  dedicated  to  his  friend  M.  Duval.  But  a 
distinction  of  more  decided  generic  importance  between  Pachyno- 

lophus and  Pliolophus  is  presented  by  the  absence  of  p  1  in  the 
former,  which  reduction  of  the  number  of  the  molar  series  to  six, 

M.  Gervais  regards  as  normal,  and  assigns  as  the  chief  generic  di- 
stinction from  Lophiodon  ;  adopting  in  this  respect  the  conclusions 

of  M.  Pomel.  The  demonstration,  which  the  rare  perfection  of  the 
skull  and  teeth  of  the  Pliolophus  vulpiceps  from  the  London  Clay 
affords,  of  the  retention  of  p  1  in  the  lower  jaw,  and  consequently 
of  the  typical  dental  formula,  justifies  the  same  generic  distinction 
of  Pliolophus,  as  of  Lophiodon  proper,  from  the  small  Lophiodont 
called  Pachynolophus  by  Pomel.  The  generic  distinction  of  Plio- 

lophus from  all  previously  known  Lophiodonts  is  more  decisively 
established  by  the  singular  modifications  of  the  grinding  surface  of 
the  lower  molar  teeth. 

This  surface,  in  Pachynolophus,  seems  not  to  have  been  figured  : 
M.  Gervais  describes  it,  in  the  penultimate  molar  (m  a),  as  present- 
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ing  "two  transverse  eminences  connected  by  a  diagonal  crest*  ;"  and 
such  is  described  as  the  type  of  the  lower  true  molar  teeth  in  Lo- 
phiotherium  f  and  Tapirulus%.  This  is,  in  fact,  the  structure  of 
the  lower  molar  teeth  in  Lophiodon  proper,  and  that  by  which  it 
so  nearly  resembles  the  existing  Tapirs. 

Pliolophus  differs  from  all  previously  known  Lophiodonts  by  the 

division  of  the  part  of  the  tooth  answering  to  the  "  colline  trans- 
verse "  into  two  distinct  cones,  PI.  III.  fig.  6,  a,  b  and  c,  d ;  and  the 

penultimate  molar,  m  2,  more  especially  differs  from  that  tooth  in  all 
hitherto  known  eocene  or  later  forms  of  hoofed  Mammals,  in  having 
a  third  cone,  e,  interposed  between  the  two  anterior  cones,  and  thus 
exhibiting  three  cones  on  the  same  transverse  line,  as  in  the  upper 
molars  ; — a  structure  which  we  have  hitherto  seen  only  in  the  small 
mammal  of  the  Lower  Oolite  described  under  the  name  of  Stereo- 
gnathus  ooliticus  §.  I  expressed  my  regret,  at  that  period,  when  I 
could  only  cite  the  upper  molars  of  Hyracotherium  and  of  a  few  other 
eocene  Ungulates  as  manifesting  the  three  transverse  cones,  that  the 
structure  of  the  lower  molars  in  Hyracotherium  was  then  unknown. 
As  the  Pliolophus,  though  in  some  respects  intermediate  between 
the  Lophiodon  and  Hyracotherium,  has  a  closer  affinity  to  the  latter, 
we  may,  with  some  confidence,  regard  the  modifications  of  its  lower 
molars  as  significant  of  those  that  the  same  teeth  of  Hyracotherium 
will  present  when  found.  And  the  unlooked-for  confirmation  of 
my  expectation  of  some  further  illustration  of  the  affinities  of  Stereo- 
gnathus  by  the  lower  molars  of  Hyracotherium,  through  the  now 
acquired  knowledge  of  the  structure  of  those  in  the  nearly  allied 
Pliolophus,  adds,  in  the  same  degree,  probability  to  the  inference 
which  was  founded  upon  the  resemblance  between  the  lower  molars 

of  Stereognathus  and  the  upper  ones  of  Hyracotherium.  In  offer- 
ing this  remark,  however,  I  am  quite  sensible  how  uncertain  any  in- 

ference from  a  single  lower  molar  is  shown  to  be  by  the  degree  of 
resemblance  in  the  structure  of  the  lower  molar  teeth  which  exists  in 

Tapirus,  Macropus,  Lophiodon,  Dinotherium,  and  Manatus,  and, 
again,  in  those  of  Hippopotamus  and  Halitherium.  The  reference 
by  Cuvier  of  detached  teeth  of  the  Halitherium  to  the  genus  Hippo- 

potamus, and  of  detached  teeth  of  Dinotherium  to  the  genus  Tapirus, 
just  and  exact  as  were  these  references,  viewed  as  expressions  of  the 
correspondence  detected  by  a  comparison  of  the  fossil  with  the  recent 

teeth,  ought  to  warn  us  against  placing  too  much  confidence  in  den- 
tal characters,  exclusively,  as  proofs  of  the  closer  degrees  of  deter- 

mination which  Cuvier  has  shown  must  depend  upon  an  empirical 
study  of  coincidences,  rather  than  on  the  rational  deductions  from 
correlations. 

The  same  caution  I  now  feel  to  be  instructively  reiterated  by  my 
reference  of  the  Hyracotherium,  on  the  ground  of  similarity  of  modi- 

*  "  A  deux  collines  transverses  reliees  par  une  crete  en  diagonale."    Paleonto* 
logie  Francaise,  descr.  of  pi.  17. 

t  Ibid.  pi.  11.  f.  10-12.  +  Ibid.  pi.  24. 
§  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  Part  I.  February  1857,  pp.  1,  &c.  pi.  L 

VOL.  XIV. — PART  I.  F 
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fication  in  the  grinding  surface  of  its  upper  molars,  to  the  same 
secondary  group  of  Ungulata  as  includes  the  Chceropotamus. 

Most  comparative  anatomists  who  have  studied  the  unique  evi- 
dences of  that  old  eocene  genus,  since  my  description  of  them,  have 

arrived  at  and  have  recorded  the  same  conclusions*.  The  only 
dissentient  from  them  was  Mr.  H.  N.  Turner,  jun.,  a  most  promi- 

sing and  acute  naturalist  and  anatomist,  who  died  too  soon  for  the 

interests  of  science.  In  a  very  able  and  characteristic  paper  "  On 
the  Evidences  of  Affinity  afforded  by  the  Skull  in  the  Ungulate 

Mammalia  f,"  Mr.  Turner  points  out  the  basal  expansion  of  the 
nasal  bones,  the  absence  of  the  superorbital  foramen  and  groove, 
and  the  slightly  marked  depression  for  the  origin  of  the  obliquus 
inferior  oculi,  within  the  orbit,  as  indications  of  the  perissodactyle 
affinities  of  the  Hyracotherium :  he,  also,  most  acutely  discerned  in 
the  rudimentary  oblique  ridges  upon  which  the  small  intermediate 
tubercles  were  developed  in  the  molar  teeth  rudimental  homologues 

"  of  the  bent  transverse  ridges  in  the  Rhinoceros,  Tapirus,  Palceo- 

therium,  and  other  allied  genera ; "  but  the  degree  of  resemblance 
of  the  molars  to  those  of  the  Anthracotlieria  and  Choeropotami  was 
such  as  led  Mr.  Turner,  in  regard  to  the  question  of  the  artiodactyle 

or  perissodactyle  affinities  of  the  Hyracotherium,  to  admit,  "to 
whichever  group,  then,  this  little  animal  be  referred,  the  teeth  will 
present  marked  exceptional  characters,  and,  therefore,  it  becomes 

more  necessary  to  seek  for  further  evidence  J." 
This  evidence  I  believe  to  be  now  afforded  by  Pliolophus,  on  the 

ground  of  the  following  illustrations  of  its  close  affinity  to  Hyraco- 
therium. 

Like  that  genus,  its  upper  true  molars  exhibit  the  modification  of 
the  Lophiodont  type  of  dentition  in  the  more  circumscribed  and 
better-developed  enlargement  of  the  middle  of  the  connecting  oblique 
ridges  :  it  also  shows  the  more  simple  structure  of  the  last  premolar 

by  the  same  non-development  of  the  postero-internal  cone.  Hyra- 
cotherium differs  from  Pliolophus  in  the  more  distinct  development 

of  the  intermediate  tubercles,  especially  of  the  second  or  posterior 
one  in  p  4 :  the  cingulum  girts  the  crown  uninterruptedly  in  the 
true  molars  and  last  two  premolars.  Hyracotherium  differs,  also, 
in  the  wider  interval  between  the  first  and  second  premolar. 

It  may  be  questioned  whether  these  differences  are  of  generic 
importance,  or  whether,  with  those  before  pointed  out  in  the  con- 

figuration of  the  skull,  they  may  not  merely  indicate  another  species 
of  this  genus  which  seems  to  be  peculiar  to  our  London  Clay.  In 
resolving  this  question  I  have  been  influenced  by  comparing  the 

*  De  Blainville,  Osteograpbie  des  Anthracotheriums  et  Chceropotames,  fasc. 
xxi.  p.  194.  Hyracotherium  described  and  figured  "  d'apres  un  platre  assez  bon, 
envoye  a  la  collection  du  Museum,  par  M.  R.  Owen." 

Gervais,  Summary  of  Ungulata  observed  in  France : — 
11.  Chceropotamina.     Entelodon,  Chceropotamus,  Hyracotherium. 

Pal.  Franc,  descr.  of  pi.  36.  p.  6. 
t  Ann.  and  Mag.  Nat.  Hist.  Dec.  1850,  2nd  ser.  vol.  vi.  p.  397. 
J  Loc.  cii.  p.  408. 
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degree  of  difference  hi  their  dental  characters  with  that  which  has 
influenced  MM.  Pomel  and  Gervais  in  subgenerically  separating 
Pachynolophus  from  Lophiodon ;  and  by  the  fact  of  the  mandibular 
teeth  of  the  Hyracotherium  leporinum  being  yet  unknown. 

Lophiodon,  Pachynolophus,  Pliolophus,  and  Hyracotherium  seem 
thus  to  form  so  many  subgeneric  modifications  of  the  same  natural 
family  of  Perissodactyle  Ungulates  ;  and  in  the  modifications  of  their 
dentition,  especially  in  the  comparative  simplicity  of  their  premolars 
as  compared  with  those  of  the  subsequently  introduced  Palceotheria, 

and  in  the  progressive  approach  to  the  molar  type  of  the  Chcero- 
potamoids  made  by  Pliolophus  and  Hyracotherium,  they  exemplify 
the  tendency  to  a  closer  adherence  to  the  general  ungulate  type.  The 
third  trochanter  on  the  femur  of  the  Pliolophus,  PI.  IV.  fig.  5,  t, 
and  the  association  of  three  metatarsals,  in  one  portion  of  the  matrix, 

fig.  14,  which  appear  to  belong  to  the  same  hind-foot,  confirm,  how- 
ever, the  essentially  perissodactyle  affinities  of  that  genus,  and,  there- 
fore, of  its  close  ally  the  Hyracotherium. 

In  stating  that  these  modified  Lophiodonts  are  the  most  artio- 
dactyloid  of  the  Perissodactyles,  no  particular  hypothesis  is  advo- 

cated :  there  can  be  but  one  inference  from  this  and  the  numerous 

analogous  facts  that  have  already  been  made  known.  So,  likewise, 
in  regard  to  the  typical  character  of  dentition,  as  manifested  by 
the  number  and  kind  of  teeth,  we  find  in  this  last  eocene  mammal 
which  has  come  to  light  a  repetition  of  that  remarkable  adherence  to 
a  more  general  mammalian  character.  The  older  Oolitic  Mammals 

exemplify  a  tendency  to  a  type  of  dentition  of  a  still  higher  gene- 
rality than  the  Mammalian  class,  as,  for  example  : — 

Mammalia  of  which  the  dentition  resembles  the  general  vertebrate 

type  by  the  back  teeth  exceeding  7  in  number  : — 
Genera.  Formations. 

Thylacotherium    Lower  Oolite. 

Spalacotherium         Upper  Oolite  "I  v    ,     , 
Triconodon        Upper  Oolite  J  ™beck- 

Mammalia  resembling  the  Mammalian  diphyodont  type  in  the 
dental  formula  of 

•  3—3  1 — 1  4—4  3—3  3 — 3  i  4—4  A  , 

t  3"=3>  C  i=i>  V  4— 4>  m  3—3  >     °XP  —3  &Ild  ™  4=4  =  44« 

Genera.  Formations. 

Palceocyon      Sables  de  Bracheux  (or  somewhat  older). 
Coryphodon    Plastic  clay. 
Pachynolophus       Calcaire  grossier  moyen. 

Lophiotherium    Marnes  lacustres  d'Alais  (Gard). 
Pliolophus       London  clay. 
Hyracotherium       London  clay. 
Palceotherium    Paris  gyps. 
Anoplotherium. .    Paris  gyps. 
Anchitherium    Lignites  de  la  Debruge,  pres  Apt. 
Dichobune       Binstead. f2 
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Genera.  Formations. 

Xiphodon    Lignites  de  la  Debruge. 
Bichodon    Hordwell. 

Microtherium    Marnes  calcaires  lacustres,  Puy  du  Dome. 
Amphitragulus        Marnes  lacustres  en  Velay. 
Amphimeryx       Lignites  de  Debruge. 

Dorcatherium    Miocene  d'Eppelsheim. 
Chalicotherium       Miocene  d'Eppelsheim. 
Aphelotherium    Marnes  calcaires  de  Barthelemy. 
Anthracotherium    Marnes  miocenes  de  Moissac. 

Hyopotamus        Binstead  and  Hordwell. 
Anchilophus    Calcaire  grossier  de  Batignolles. 
Bothriodon    Miocene  de  Moissac. 
Palceochoerus      Calcaire  lacustre  de  Cournon. 

Chceropotamus    Paris  gypsum,  and  Binstead. 
Chceromorus    Calcaire  lacustre,  Sansan. 

Poebrotherium    Eocene  (upper  ?),  N.  America. 
Hippohyus      Miocene,  Sewalik  Hills. 

Hippotherium    Miocene  d'Eppelsheim. 
Hipparion       Marnes  fluviatiles  de  Cucuron. 
Heterohyus    Miocene,  Sewalik  Hills. 
Entelodon       Lignites  de  Soissonnais. 
Hycenodon       Eocene  superieure  du  Gard  ;  Hordwell. 
Pterodon    Lignites  de  Debruge. 
Arctocyon       Eocene  inferieure  a  la  Vere. 
Galethylax    Paris  gyps. 
Amphicyon    Miocene  de  Sansan. 
Chcerotherium    Miocene  du  Bourbonnais. 

Rhagatherium    Eocene  of  Mauremont,  Switzerland. 

All  general  rules  in  organic  nature  have  their  exceptions,  and 
differ  in  that  respect  from  inorganic  phsenomena,  in  regard  to  some 
of  the  general  laws  of  which  no  exceptions  have  been  as  yet  dis- 
covered. 

I  shall,  on  a  future  occasion,  discuss  the  value  of  the  exception  to 
the  inference  from  the  body  of  facts  above  cited  which  has  been 

adduced  from  the  Plagiaulax  *,  and  conclude  the  present  paper  with 
some  remarks  on  the  bones  of  the  limbs  of  Pliolophus. 

Description  of  some  of  the  Bones  of  the  Extremities. "  Humerus. 
PI.  IV.  figs.  1  to  4. — The  humerus,  from  the  right  fore  limb,  mea- 

sures 4  inches  in  length.  The  convex  articular  surface  of  the 
head  of  the  bone,  PL  IV.  fig.  3,  is  subtriangular  in  shape,  rather 
flattened  above  towards  the  outer  side.  The  great  tuberosity  is  of 
equal  breadth  with,  but  rises  above,  the  articular  head.  It  is 
slightly  grooved  obliquely  near  its  outer  part,  but  is  not  so  widely 
or  deeply  notched  there,  as  in  the  Tapir  or  Hyrax  :  it  terminates 
by  a  single  convexity.  The  small  tuberosity  is  not  quite  so  large 
relatively  as  in  the  Tapir  and  Hyrax,  but  it  is  situated,  as  in  them, 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  27G. 
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at  the  fore  and  inner  part  of  the  articular  head,  and  not  so  low  down 

as  in  the  humerus  from  the  "  terres  noires  du  Laonnais,"  ascribed 
to  Lophiodon  by  Cuvier  *. 

The  deltoid  surface  is  short :  a  smooth  oblique  tract  separates  it 
from  a  second  low  oblique  (pectoral)  ridge ;  the  shaft  of  the  bone 
rapidly  contracts  below  the  head,  where  it  is  not  so  compressed  or 
so  broad  from  before  backwards,  as  in  Palceotherium ;  it  is  thicker 
transversely  than  in  Hyracotherium. 

The  supinator  ridge  begins  at  about  the  lower  third  of  the  bone, 
is  moderately  sharp  for  about  9  lines,  and  then  subsides  into  a  rather 
rough  flattened  surface  above  the  inner  condyle ;  it  is  very  slightly 
produced.  The  bone  is  perforated  above  the  lower  articular  surface  ; 
this  surface  has  one  depression  and  two  prominences,  as  in  the 
Perissodactyles.  The  general  shape  and  proportions  of  the  bone  are 
like  those  of  the  humerus  of  the  Hyrax. 

Femur  :  PL  IV.  figs.  5  to  9. — The  femur  is  rather  more  than 
H  inches  in  length  :  its  most  important  character,  as  indicative  of  the 
affinities  of  the  Pliolophus  in  the  ungulate  series,  is  the  continuation 
of  the  outer  ridge  of  the  great  trochanter  vertically  down  the  outer 
border  of  the  shaft  and  its  development  into  a  third  trochanter,  t  f , 
which  subsides  before  it  reaches  the  mid-length  of  the  bone.  The 
great  trochanter  rises  in  an  obtusely  pointed  form  5  lines  above  the 
articular  head ;  and  it  developes  a  tuberosity  at  the  fore  part  of  its 
base.  The  neck  sinks  behind  the  head  before  it  rises  into  the  tro- 

chanter. The  small  trochanter  is  a  longer  ridge  than  in  the  Hyrax  : 
the  shaft  below  the  trochanter  becomes  less  flattened  than  in  the 

Palaeotheres  or  Lophiodons  :  the  transverse  section  gives  a  kind  of 
semi-ellipse  with  the  flatter  side  slightly  convex  :  it  shows  a  com- 

pact wall  of  bone  of  about  a  line  or  a  line  and  a  half  thick,  and  a 
medullary  cavity  of  from  3  lines  to  4  lines  in  diameter.  At  about 
2  inches  from  the  distal  end  the  shaft  begins  to  expand  and  become 
three-sided,  the  hind-  and  the  out-sides  being  less  convex  and  broader 
than  the  inner  side ;  then  an  anterior  surface  is  established  by  the 
beginning  of  the  rotular  groove,  about  an  inch  and  a  half  from  the 
lower  end :  the  inner  border  of  the  groove  is  produced  and  sharp ; 
the  outer  border  was  broken  oif  in  the  extraction  of  the  bone :  the 

condyles  are  produced  backward,  but  not  so  much  forward  as  in 
Palceotherium :  the  inner  surface  of  the  expanded  condyloid  end  of 
the  bone,  PI.  IV.  fig.  8,  is  flat,  with  a  much  less  prominent  part  for 
the  internal  lateral  ligaments  than  in  Tapirus3  Hyrax,  or  Palceothe- 

rium. The  popliteal  depression  is  very  slightly  concave  transversely  : 
it  is  divided  from  the  intercondyloid  fossa  by  a  ridge  continued  in- 

ward from  the  back  of  the  outer  condyle. 
Tibia:    PI.  IV.  figs.  10-13. — The  tibia,  which  was  extracted 

*  Ossemens  Fossiles,  ed.  8vo,  torn.  iii.  p.  411.  pi.  79.  f.  6  &  7. 
t  "  Les  pachydermes  qui  offrent  cette  particularite  sont  les  rhinoceros,  les  tapirs, 

les  chevaux  et  jusqu'a  un  certain  point  les  damans,  c'est-a-dire  les  genres  que 
j'ai  designes  comme  forroant  une  petite  famille  distincte,  et  a  systeme  de  doigts 
impairs  au  pied  de  derriere  ;  et  c'est  precisement  a  cette  famille  qu'appartiennent 
les  Palaeotheriums,  par  tous  les  autres  rapports." — Cuvier,  Ossemens  Fossiles,  ed. 
1835,  8vo,  torn.  v.  p.  287. 
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almost  entire  from  the  septarian  nodule,  was  of  the  left  leg ;  its 
length  is  4  inches  9  lines.  The  proximal  articular  surface,  PI.  IV. 
fig.  11,  is  more  equally  triangular  than  in  Palaotherium.  The  outer 
facet  is  slightly  convex ;  the  inner  one  slightly  concave  transversely. 
The  back  part  of  the  proximal  end  of  the  bone,  fig.  10,  shows  a 
broad  and  deep  concavity,  bordered  by  sharp  margins ;  the  outer 
part  is  somewhat  less  concave ;  the  inner  part  is  slightly  convex ; 
the  rotular  ridge  was  not  extracted  entire,  but  was  evidently  well  de- 

veloped, and  extended  an  inch  and  a  half  down  the  bone.  The  most 
characteristic  feature  of  the  tibia  is  the  articular  surface  at  the  distal 

end,  fig.  13,  of  which  sufficient  is  preserved  to  show  the  obliquity  of 
its  course  across  that  end,  corresponding  with  the  obliquity  of  the 
articular  trochlea  of  the  astragalus  which  is  common  to  the  odd-toed 
hoofed  quadrupeds.  From  these  the  even-toed  group  are  distin- 

guished by  the  rectangular  disposition  of  the  ankle-joint. 
Metatarse:  PL  IV.  fig.  14. — The  portion  of  matrix  containing 

the  part  of  the  calcaneum,  c,  and  three  metatarsals,  shows  the  latter 
dislocated,  and  with  only  one  articular  end  entire — the  lower  one — 
in  one  of  them.  This  is,  however,  as  characteristic  as  any  of  the 

distinctive  features  of  the  before-described  bones,  by  the  unsymme- 
trical  form  of  the  distal  trochlea,  due  to  the  position  of  the  ridge 
near  one  of  the  borders  of  the  bone.  Both  this  configuration  and 
the  position  of  the  metatarsal  show  it  to  have  been  the  outermost  of 
the  three :  the  proximal  end  is  broken  off :  the  length  of  the  bone 
preserved  is  1  inch  5  lines.  Of  the  mid-metatarsal  only  a  small  part 
is  exposed,  from  which  the  articular  end  is  broken  away.  Of  the 
innermost  metatarsal  1  inch  8  lines  is  exposed,  but  both  articular 

ends  are  wanting.  The  difference  in  the  diameter  of  the  three  meta- 
tarsals is  less  than  in  the  Palceotherium,  the  middle  one  being  only 

very  little  thicker  than  the  other  two.  In  the  Tapir  the  middle 
metatarsal  is  less  expanded  than  in  the  Palceotherium.  In  the  Hy- 
rax  the  three  metatarsals  are  of  equal  thickness ;  and  the  Pliolophus, 
and  probably  other  Lophiodonts,  thus  resemble  the  Hyrax  and  Tapir, 
more  than  the  Palceotheria  did. 

Remarks  on  the  Bones  of  the  Extremities. — On  a  retrospect  of  the 
characteristics  of  the  limb-bones  above  described,  it  will  be  seen  that 
the  humerus  testifies  to  the  ungulate  character,  and  the  bones  of  the 

hind-leg  to  the  perissodactyle  modification,  of  Pliolophus,  with  a  de- 
monstration that  the  odd  number  of  hind-toes  was  "  three  "  instead 

of  "one"  or  "five." 
The  great  size,  position,  and  altitude  of  the  proximal  tuberosities 

of  the  humerus,  with  the  shape  of  the  sessile  head  of  the  bone,  indi- 
cate the  limited  extent  and  direction  of  motion  of  the  humerus,  and 

that  it  belonged  to  a  limb  not  capable  of  being  rotated  or  bent  out- 
ward, as  in  the  action  for  seizing,  striking,  climbing,  or  burrowing. 

The  comparatively  small  size  of  the  distal  end,  and  the  little-deve- 
loped supinator  ridge  equally  indicate  the  want  of  size  in  the  supinator 

or  pronator  muscles  in  a  limb  where  the  rotation  of  the  wrist  or  the 
fore-arm  is  abrogated.  The  third  trochanter  on  the  femur,  the  oblique 
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articular  fossa  for  the  astragalus  on  the  tibia,  and  the  three  metatarsals 

of  the  left  hind-foot,  all  concur  with  the  indications  afforded  by  the 
skull  and  teeth  in  the  determination  of  the  true  position  and  affini- 

ties of  Pliolophus  and,  most  probably  therefore,  of  Hyracotherium 
in  the  ungulate  series. 

DESCRIPTION  OF  PLATES  II.,  III..  &  IV., 

Illustrative  of  the  Pliolophus  vulpiceps,  Owen. 

Plate  II. 

Fig.  1.  Under  view  of  the  lower  jaw  and  incisor  teeth. 
2.  Upper  view  of  the  cranium. 
3.  Right-side  view  of  the  cranium  and  lower  jaw,  as  attached  together  in  the 

matrix. 

4.  Left-side  view  of  the  cranium,  with  the  lower  jaw  and  teeth  brought  back 
to  their  proper  place. 

Plate  III. 

Fig.  1.  Grinding  surface  of  the  molars  and  last  premolar,  upper  jaw. 
2.  The  same,  magnified  4  diameters. 
3.  The  first  and  second  molar,  upper  jaw  of  an  older  individual.     From  the 

London  clay,  Valley  of  the  Thames. 
4.  Inside  view  of  the  molars  and  last  two  premolars,  lower  jaw. 
5.  Grinding  surface  of  the  molars  and  last  two  premolars,  lower  jaw. 
6.  The  same,  magnified  4  diameters. 

Plate  IV. 

Fig.  1.  Outer-side  view  of  humerus. 
2.  Front  view  of  humerus. 
3.  Proximal  articular  end  of  humerus. 

4.  Inner-side  view  of  proximal  end  of  humerus. 
5.  Front  view  of  right  femur. 
6.  Upper  articular  end  of  right  femur. 
7.  Back  view  of  right  femur. 
8.  Inner-side  view  of  lower  end  of  right  femur. 
9.  Lower  articular  end  of  femur. 

10.  Back  view  of  tibia. 
11.  Upper  articular  end  of  tibia. 
12.  Outer-side  view  of  upper  end  of  tibia. 
13.  Part  of  lower  articular  surface  of  tibia. 
14.  Portion  of  matrix,  with  the  calcaneum  and  three  metatarsals  of  the  left 

hind-foot. 

[All  the  figures  are  of  the  natural  size,  except  where  otherwise  expressed  :   the 
letters  and  figures  are  explained  in  the  text.] 
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2.  On  some  Remains  of  Terrestrial  Plants  in  the  Old  Red 
Sandstone  of  Caithness.  By  J.  W.  Salter,  Esq.,  F.G.S., 
of  the  Geol.  Survey  of  Great  Britain,  &c. 

[Plate  V.] 

Numerous  fragments  of  plants  have  for  several  years  past  been 
discovered  in  the  Old  Red  Sandstone  of  the  North  of  Scotland ;  but 
as  yet  a  few  only  have  been  figured.  The  specimens  have  now  been 
gathered  together  by  the  Director  of  the  Geological  Survey  for  the 
purpose  of  illustration. 

As  no  experienced  botanist  has  yet  been  willing  to  take  up  such 
obscure  relics,  I  have  thought  that  some  general  notes  on  this  old 
flora  might  be  useful,  if  only  to  lead  the  way  to  a  more  critical  exa- 

mination of  the  specimens.  Some  of  them  will  be  figured  also  in  the 

second  edition  of  "  Siluria." 
The  best  that  I  have  seen  are  in  the  collection  of  Mr.  John  Miller, 

of  Thurso,  who  has  for  some  time  directed  his  attention  to  these  Devo- 
nian plants,  and  at  the  request  of  Sir  Roderick  Murchison,  who  long 

ago  observed  them,  has  most  kindly  entrusted  to  us  the  whole  of  his 
collection.  Mr.  R.  Dick,  of  the  same  place,  has  also  aided  largely  in 
these  discoveries.  Mr.  C.  W.  Peach  has  more  lately  found  similar 
plants  at  Wick,  and  Dr.  Hamilton  in  Orkney.  I  have  examined  all 
these  collections,  and  many  of  the  specimens  are  now  placed  in  the 
Museum  of  Practical  Geology. 

The  fossils  are  preserved  in  hard,  grey,  sandy  flagstones,  which 
are  in  many  cases  abundantly  marked  with  impressions  of  Annelide- 
burrows  in  pairs  (PI.  V.  fig.  6) ;  and  these  probably  indicate  that 
there  was  no  great  depth  of  water  where  these  beds  were  deposited. 
The  late  Hugh  Miller  has  even  suggested  that  these  strata  may  have 

been  accumulated  on  an  extremely  level  muddy  shore*. 
The  most  striking  of  the  fossils  are  large  stem-like  fragments,  of 

every  size  up  to  3  feet  in  length,  either  straight  and  finely  fluted, 
stems  (PI.  V.  fig.  1)  ;  or  curved  and  occasionally  branched,  roots  1 
(PI.  V.  fig.  2).  These  are  all  highly  bituminized,  and  divided  by 
oblique  lines,  which  are  evidently  only  due  to  mineral  structure. 
Indeed  the  most  striking  feature  about  all  these  specimens  is  the 
mode  in  which  they  are  mineralized.  The  carbonaceous  substance  is 
cleaved  throughout  in  a  series  of  oblique  planes,  which  in  the  long 
root-like  specimens  (fig.  2)  are  set  quite  close  (2  or  3  in  the  space 
of  t^h  °^  an  inch),  and  cleave  the  substance  in  lines  perfectly 
parallel,  whatever  may  be  the  position  or  curvature  of  the  specimen. 
In  the  stems  (fig.  1),  these  cleavage-lines  are  generally  far  wider 
apart,  often  \  of  an  inch ;  and  they  form  fissures,  often  filled  up  by 
siliceous  matter.  Owing  to  the  further  compression  of  the  wood, 
the  silex  stands  out  in  relief,  and  forms  impressed  lines  upon  the 
matrix,  which  may  readily  be  mistaken  for  the  marks  of  structure. 

Similar  diagonal  lines  have  been  noticed  by  Dr.  Hookerf,  and  attri- 

*  Testimony  of  the  Rocks,  p.  437. 
f  Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  50. 
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buted  to  "  pressure  during  silicifi cation,"  in  specimens  of  very  similar 
plants  (Catamites,  without  articulations).  The  plants  he  described, 
from  near  Lerwick,  Shetland,  were  in  the  upper  division  of  the  Old 

Red  Sandstone,  according  to  Sir  Roderick  Murchison*. 

Coniferous  Wood.     PL  V.  figs.  1  &  2. 

The  above-noticed  stems  are  4  inches  wide,  and  the  fragments 
measure  more  than  3  feet  in  length,  without  any  tendency  to  taper 
away.     See  fig.  1 . 

The  surface  is  fluted  pretty  regularly  by  delicate  longitudinal 
ridges ;  the  intervening  hollows  being  gently  concave,  not  abruptly 
grooved ;  these  ridges  are  tolerably  regular  and  equidistant,  without 
being  absolutely  continuous ;  seldom  as  much  as  a  line  apart,  but 
occasionally  more.  They  are  not  interrupted  by  any  transverse  joints 
as  in  Calamites ;  and,  from  this  circumstance,  as  well  as  from  the 
more  solid  texture  of  the  stem,  they  might  have  been  judged  to 
belong  to  the  Stereocalamece  of  Unger,  some  of  the  genera  of  which, 

Calamopitys  or  Calymma,  would,  from  Unger' s  description,  present 
a  very  similar  appearance. 

With  these  there  are  long,  curved  and  flattened  linear  specimens 
(fig.  2),  sometimes  more  than  4  feet  long,  and  from  an  inch  to  1^  inch 
broad,  very  slowly  tapering,  and  forked  near  the  end. 

Both  the  straight  and  the  curved  stems  are  even-edged,  as  if  ori- 
ginally cylindrical ;  and  there  are  evident  traces,  in  some  portions, 

of  a  central  pith  (probably  not  a  woody  axis,  as  the  space  in  the 
centre  is  now  filled  by  the  matrix),  while  the  enveloping  thick  sheath 
is  all  carbonized.  This  structure,  a  thick  woody  envelope,  surround- 

ing a  central  pith,  may  be  that  of  a  Conifer  allied  to  the  Dadoxylonf 

of  the  Coal-measures ;  and  this  is  confirmed  by  the  microscopic 
sections  (fig.  lc)  which  have  been  kindly  examined  for  me  by 
Prof.  Quekett,  who  finds  the  ordinary  coniferous  structure — wood- 
fibres  dotted  with  disks ,  and  these  appear  to  have  been  in  alter- 

nating double  rows,  as  in  the  modern  Araucarians,  and  as  in  the 
fragments  of  Coniferous  wood,  described  by  Hugh  Miller,  from  beds 
of  Devonian  age  near  Cromarty  J.  This  dotted  structure  will,  of 
course,  effectually  distinguish  these  large  stems  from  the  woody  struc- 

tures (Aporoxylon),  without  disks  to  the  wood-cells,  which  Prof. 
Unger  has  lately  §  described  ;  otherwise  the  external  appearance,  and 
even  the  mode  of  fossilization,  are  so  similar  in  both,  that  I  should 
have  provisionally  referred  our  specimens  to  the  same  genus,  had 
there  been  no  means  of  ascertaining  the  minute  structure. 

Besides  these  large  stems  and  roots,  there  are  tapering  branches, 
an  inch  broad  and  often  more  than  a  foot  in  length,  less  regularly 
striated  than  the  stems,  but  still  distinctly  fluted  all  the  way  up ; 

*  Loe.  cit. 

f  In  Dadoxylon  the  wood-fibre  has  more  numerous  rows  of  disks  than  in  the 
Caithness  fossils. 

t  Testimony  of  the  Rocks,  p.  435. 
§  Denkschrift.  Kais.  Akad.  Wissensch.,  Math. -Nat.  Classe,  vol.xi.  1856:  Beitrag 

zur  Palaontologie  des  Thuringer  Waldes,  von  R.  Richter  und  F.  Unger:  p.  181, 
pi.  13.  figs.  3-11. 
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and  these  bear  branchlets  at  short  intervals,  in  whorls  of  threes  or 
fours,  which  diverge  at  nearly  right  angles  from  the  branch,  some- 

thing like  those  of  an  Araucaria* 
It  is  not  improbable  that  these  striate  branches  may  belong  to  the 

same  plants  as  the  stems  (and  roots  ?)  above  mentioned. 
Rootlets  (PI.  V.  figs.  3-7). — Other  and  very  numerous  specimens, 

lying  flat  in  the  stone,  and  presenting  simply  a  linear  rachis  with 
alternate  (fig.  4)  or  dichotomous  (fig.  3)  smooth  branchlets,  appear 
to  me  to  be  far  more  likely  referable  to  the  smaller  roots  than  to 
anything  else.  They  occur  about  6  or  8  inches  long,  and  seldom  so 
much  as  a  quarter  of  an  inch  broad ;  they  taper  slowly,  and  are 
flexuous  or  zigzag  at  the  origin  of  the  branches,  which  are  them- 

selves again  branched. 
In  a  few  instances  irregular  granulations  occur  on  the  roots :  in 

others  (fig.  7)  lateral  buds  or  tubercles  take  the  place  of  the  ter- 
minal branchlets  or  rootlets,  and  become  crowded  towards  the 

tips.  They  put  one  in  mind  of  the  tubercular  roots  of  some  of  the 
Leguminous  plants,  or  may  be  still  better  compared  with  the  tubercles 
or  exostoses  found  on  the  roots  of  many  Coniferous  plants,  Arau- 
caria,  Thuja,  Podocarpus,  and  others*.  These  tubercles  seem  to  me 
to  give  great  colour  to  the  idea  that  the  linear  fragments  to  which 
they  are  attached  are  roots ;  and,  as  these  are  in  most  respects 
similar  to  the  other  specimens,  with  dichotomous  or  alternating 
branches  (figs.  3-6),  there  is  a  strong  presumption  that  the  latter 
are  roots  too.  Whether  any  of  them  may  be  referable  to  the  woody 
plants  above  described,  rather  than  to  the  Lycopodiaceous  plants 
next  to  be  noted,  it  is  scarcely  possible  to  decide ;  but  the  former  is 
certainly  probable.  I  am  more  inclined  to  regard  all  these  as  roots, 
since  they  bear  the  greatest  resemblance  to  similar  fragments  abun- 

dant in  the  Upper  Devonian  beds  of  the  South  of  Ireland,  and  which, 
from  their  mode  of  occurrence  in  a  sort  of  hardened  underclay 
beneath  the  beds  of  sandstone,  I  have  always  thought  to  be  roots  f. 

Similar  fragments  are  figured  in  Mr.  Hugh  Miller's  last  workj, 
and  in  these  the  dichotomous  character  is  clearly  seen. 

I  do  not  think  their  structure  or  mode  of  branching  at  all  like 
that  of  marine  plants.  Nor  have  they  any  distinct  trace  of  a  mid- 

rib, as  if  they  were  cleft  or  divided  leaflets,  or  of  parallel  veins,  as  in 
the  seawrack  (Zostera).  Nor,  indeed,  do  they  show  anything  but 
a  linear  riband  (probably  once  a  soft  cylindric  root)  which  branched 
repeatedly. 

A  few  more  perfect  plants  deserve  to  receive  specific  notice ;  and, 
in  naming  the  remarkable  Lycopodiaceous  plant  (fig.  8),  I  have  had 
in  view  both  the  kindness  of  Mr.  John  Miller,  of  Thurso,  and  the 

memory  of  the  lamented  author  of  "  The  Testimony  of  the  Rocks/' 

*  See  Dr.  Hooker's  paper  on  these  root-tubercles,  Proc.  Linn.  Soc.  1845, 
No.  58.  p.  355*.  I  have  the  satisfaction  of  Dr.  Hooker's  concurrence  in  this  view of  the  nature  of  the  fossils. 

f  Proc.  Dublin  Geol.  Society,  vol.  vii.  p.  63. 
t  Testimony  of  the  Rocks,  p.  429. 
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A  fossil  fern  found  in  Orkney  and  described  in  Hugh  Miller's 
work  (p.  25)  has  not  occurred  among  the  specimens  under  our 
notice. 

Lycopodites  Milleri,  sp.  nov.     PI.  V.  figs.  8a,  86. 

L.  ramis  fiagelliformibus,  2  pedes  et  ultra  longis;  ramulis  remotis, 
foliis  secundis  2-3  lineas  longis,  lanceolatis  [obtusisV], 

This  fine  specimen  is  worthy  of  a  name  on  account  of  the  rarity 
of  such  remains  in  rocks  of  this  age ;  but  not  much  can  be  said  as 

to  its  structure.  The  stem  (only  a  fragment  2  feet  long  is  pre- 
served) is  flexuous,  about  fths  of  an  inch  thick,  and  was  probably  of 

prostrate  growth  as  indicated  by  the  secund  arrangements  of  the 
foliage,  and  the  length  and  slenderness  of  the  stem  itself.  In  this 
length  of  2  feet  are  only  two  short  branches,  about  an  inch  long, 
and  about  7  inches  apart,  and  set  on  at  a  very  oblique  angle,  as  often 
seen  in  recent  Club-mosses.  The  foliage  is  much  larger  than  in  the 
Lepidodendron  next  described.  The  leaves  are  very  indistinct,  but 

are  about  -^rd  of  an  inch  long,  lanceolate  (obtuse  ?),  and  much  curved 
upwards  to  one  side  (the  upper  side  probably).  There  is  some  in- 

dication of  their  being  set  on  in  spiral  lines,  instead  of  quincuncially. 

Locality.  Near  Thurso.     (Mr.  John  Miller's  collection.) 

Lepidodendron  nothum,  Unger  (?).    PI.  V.  figs.  9a,  95,  &  9  c. 

Richter  &  Unger,   Beitrag  Palaont.  Thuringer  Waldes,  Vienna 
Acad.  Transact.  1856,  pi.  10.  fig.  4. 

Lycopodites,  Hugh  Miller,  Testimony  of  the  Rocks,  figs.  12  &  120, 
pp.  24  &  432  &c. 

Stems  about  a  foot  long,  or  even  longer,  and  nearly  \  an  inch 
broad,  tapering  but  very  little  from  end  to  end ;  the  branches  short, 
set  on  at  an  acute  angle,  and  blunt  at  their  terminations.  Leaves  in 
7  to  10  rows,  very  short,  not  a  line  long,  and  scale-like,  of  an  ovate, 
acuminated  form,  and  rather  spreading  than  closely  imbricate.  Their 
acuminate  tips  are  about  as  long  as  their  broader  bases  (fig.  9  c). 

Our  specimens  do  not  agree  exactly  with  that  figured  by  Unger, 
having  the  scales  or  leaves  rather  longer.  But  his  figure  appears  to 
show  only  the  cicatrices,  not  the  leaves  themselves ;  and  the  size, 
diameter  of  the  branches,  and  close  small  leaf-scars  in  both  agree, 
and  are  different  from  any  species  that  I  have  seen  figured  from  the 
Coal-formation. 

Loc.  From  Stromness,  Mr.  Peach ;  Thurso,  Mr.  John  Miller. 
Abundant. 

The  late  Mr.  Hugh  Miller  figured*  a  fine  and  much-branched 
specimen  of  this  species.  We  have  others,  in  which  the  main  stem 
(a  little  flexuous)  gives  off  short  and  narrower  branchlets,  which  are 
again  branched,  as  in  his  figure.  The  tips  of  the  shoots  often 
scarcely  show  the  scales. 

*  Op.  cit.  p.  432. 
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The  above  species  all  occur  (with  the  exception  of  the  Lycopodites 
Milleri,  which  is  only  yet  known  at  Thurso)  as  well  in  the  Orkneys 
as  at  Caithness.  Both  the  Lepidodendron  and  the  linear  root-like 
branches  are  found  in  Dale  and  Viewan  quarries  at  Stromness, 
Miram  Blaw,  and  near  Frith,  Orkney.  The  large  stem-like  bodies 
and  curved  roots  are  also  found  with  them.  These  were  sent  by 
Dr.  Hamilton  and  Mr.  Peach.  The  best  examples,  however,  were 

found  in  the  flag-quarries  at  Thurso,  and  are  in  Mr.  Miller's  collec- 
tion, and  most  of  our  figures  are  from  his  specimens. 

Mr.  C.  W.  Peach  has  for  some  years  been  diligently  searching  for 
these  plants,  and  has  sent  up  some  70  specimens  from  Kilminster, 
near  Wick,  which  comprise  only  the  smaller  species. 

We  have  here  therefore  the  fragments  of  a  flora,  which  may  at 
least  be  compared  with  that  discovered  in  the  Thuringer  Wald  by 
M.  Richter,  and  which  has  been  so  beautifully  illustrated  by  Prof. 
Unger  in  the  work  above  quoted.  Though  not  so  numerous  in 
species,  yet  the  Scotch  collections  contain  some  forms  of  larger  size, 
indicating  a  vegetation  of  considerable  importance  at  an  era  so  far 

back  as  that  of  the  Middle  Devonian.  Prof.  Unger' s  plants,  which 
he  has  spoken  of  as  being  of  a  totally  new  type,  and  in  some 

respects  a  prototype  of  succeeding  floras  *,  are  from  the  Cypridina- 
schist,  or  Upper  Devonian  of  Germany,  strata  which  are  believed  to 
be  of  younger  age  than  those  described  by  Mr.  Hugh  Miller,  and 
plants  from  which  are  here  figured. 

The  discovery  f  by  Mr.  Strickland  and  Dr.  Hooker  of  spores  of  a 

Lycopodiaceous  plant  in  the  passage-beds  between  the  Old  Red  Sand- 
stone and  Ludlow  Rock  (to  which  I  lately  added,  during  a  visit  to 

Ludlow,  branched  fragments  of  the  stems  %)  is  a  sufficient  indication 
that  we  have  to  make  out  the  characters  of  a  still  more  antique  vege- 

tation, of  which,  to  judge  from  the  fragmentary  evidence  yet  ob- 
tained, the  characters  were  not  altogether  unlike  those  of  later 

palaeozoic  times. 
The  strata  from  which  the  fossils  above  enumerated  were  obtained 

have  been  long  ago  described,  and  their  relative  age  determined  by 
the  labours  of  Prof.  Sedgwick  and  Sir  R.  Murchison  || .  They  are 
regarded  by  these  authors  as  part  of  the  Middle  Devonian  rocks, 

while  in  Hugh  Miller's  classification  they  stand  as  part  of  his  Lower 
Division.  Dipterus  and  Diplopterus  are  the  prevailing  genera  of 
fish  that  accompany  the  plants. 

Note  on  the  Plant-bearing  Devonian  Beds  of  Caithness. 
By  John  Miller,  Esq.,  of  Thurso. 

The  fossiliferous  beds  of  the  Old  Red  Sandstone  of  Caithness  form 

by  far  the  larger  part  of  the  area  of  that  county.     Along  the  whole 

*  *  Siluria,'  1st  ed.,  p.  358. 
t  Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  ]  0  &c. 
X  It  is  to  be  regretted  that  these  small  branched  specimens,  which  were  ̂ rd  of 

an  inch  thick,  were  lost  before  they  could  be  fully  examined  in  London. 
||  Geol.  Trans.  2nd  Ser.,  vol.  iii.  p.  125  &c. 
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of  the  boundary-line  between  Sutherland  and  Caithness,  the  gneissose 
rocks  of  the  Highlands  extend  into  Caithness  to  the  distance  of 
from  three  to  eight  miles,  and  are  succeeded  by  the  Old  Red  Sand- 

stone, which  stretches  in  one  unbroken  deposit  eastward  to  the 
German  Ocean  and  northward  to  the  Northern  Ocean.  Along  the 
whole  of  the  line  of  junction  of  the  two  deposits,  the  rocks  are  so 
covered  with  moss  and  heath  that  it  is  extremely  difficult  to  get  at 
the  base  of  the  Old  Red  Sandstone ;  at  the  Ord  of  Caithness,  how- 

ever, in  the  sea-cliffs  immediately  under  the  celebrated  mountain- 
pass  of  that  name,  very  fine  sections  may  be  seen  of  the  great  fos- 
siliferous  conglomeratic  base  of  the  Devonian  or  Old  Red.  From 
the  Ord  of  Caithness  northwards  to  Duncansbay  Head,  and  from 
Duncansbay  Head  westwards  to  Sandside  Head,  the  seaboard  of 
the  county  is  composed  of  a  range  of  mural  precipices,  from  40  to 
nearly  400  feet  in  height ;  and  the  whole  of  the  Devonian  portion  of 
the  county  northwards  of  the  Morven  and  Scarabin  Hills  is  an 
elevated  plateau,  rising  abruptly  out  of  the  sea,  but  seldom  attaining 
a  greater  height  than  500  feet  above  the  sea-level  in  any  part  of  the 
interior.  The  strata  are  inclined  at  low  angles,  generally  dipping 
towards  the  north-west,  and  sometimes  almost  horizontal;  and 
throughout  the  greater  portion,  wherever  a  quarry  has  been  opened, 
at  the  foot  of  the  cliffs,  on  the  sea-shore,  or  on  the  tops  of  the  hills, 
the  practised  eye  can  detect  fragments  of  plants  mixed  with  the 
bones  and  scales  of  fish.  The  most  entire  and  largest  specimens, 
however,  of  plants  have  been  hitherto  found  in  the  neighbourhood 
of  Thurso,  in  the  flagstone-quarries,  which  are  numerous  in  that 
locality. 

DESCRIPTION  OF  PLATE  V., 

Illustrative  of  Fossil  Plants  from  Caithness  and  Orkney. 

Fig.  la.  Fragment  of  a  large,  straight,  compressed,  finely  fluted,  bituminized,  stem- 
like body ;  from  a  quarry  three  miles  west  of  Thurso.    One-fourth  of  the 

natural  size.     (Mr.  J.  Miller's  collection.) 
Fig.  lb.  Portion  of  the  finely  fluted  surface ;  magnified. 
Fig.  \c.  Traces  of  woody  structure,  showing  the  remains  of  pitted  fibre,  with  a 

double  row  of  pits  or  disks.     Highly  magnified. 
Fig.  2.  Fragment  of  a  large,  curved,  compressed,  bituminized  root-like  (?)  body; 

from  a  quarry  four  miles  east   of  Thurso.     One-fourth   natural   size. 

(Mr.  J.  Miller"'s  collection.) Fig.  3.  Dichotomous  rootlet ;  from  Kilminster,  Wick.    Natural  size.     (Geological 
Survey  collection.) 

Fig.  4.  Dichotomous  root ;  from  Kilminster,  Wick.      Natural  size.     (Geological 
Survey  collection.)     The  oval  mark  in  the  specimen  is  the  outline  of  an 
Annelide-burrow. 

Fig.  5.  Branched  root,  marked  with  fine  tubercles,  which  have  somewhat  of  a 
spiral  arrangement.      Natural  size.      From    Dale  Quarry,  Stromness. 
(Geological  Survey  collection.) 

Fig.  6.  Branched  rootlet  lying  on  a  flagstone  which  presents  traces  of  Annelide- 
burrows  {Arenicolites),  frequently  in  pairs.    Kilminster,  Wick.    Natural 
size.     (Geological  Survey  collection.) 

Fig.  7a.  Terminal  rootlet  with  lateral  tubercles. 
Fig.  7b.  The  terminal  tubercles,  magnified. 
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Fig.  8a.  Lycopodites  Milleri.  From  a  quarry  four  miles  east  of  Thurso.  One- 
fourth  of  the  natural  size.     (Mr.  J.  Miller's  cahinet.) 

Fig.  Sb.  The  same ;  a  small  portion,  magnified. 
Fig.  9a.  Lepidodendron  nothum,  (Unger)  ?,  portion  of  stem ;  natural  size.  From 

Harland,  Wick.     (Geological  Survey  collection.) 
Fig.  9b.  Magnified  portion  of  the  cast  of  another  specimen,  showing  the  arrange- 

ment of  the  bracts.  Magnified  three  times.  From  Stromness,  Orkney. 
(Geological  Survey  collection.) 

Fig.  9c.  Portion  of  fig.  9a,  magnified. 
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I.   TRANSACTIONS  AND  JOURNALS. 

Presented  by  the  respective  Societies  and  Editors. 

American  Journal  of  Sciences  and  Arts.     2nd  Series.     Vol.  xxiv. 

No.  71.  September  1857.     From  Prof.  Silliman,  For.  Mem.  G.S. 

W.  J.  Taylor. — Investigations    on    the    Rock-guano    from    the 
Islands  of  the  Caribbean  Sea,  177- 

G.  P.  Scrope. — On  the  Formation  of  Craters,  and  the  Nature  of 
the  Liquidity  of  Lavas,  217. 

H.  Haw. — On  the  occurrence  of  Natro-boro-calcite  with  Glauber- 
salt  in  the  Gypsum  of  Nova  Scotia,  230. 

E.  K.  Kane. — Arctic  Explorations,  235. 
P.  Casamajor. — A  method  of  measuring  the  Angles  of  Crystals  by 

Reflection  without  the  use  of  a  Goniometer,  251. 

H.  St.  Claire. — Magnesium,  Boron,  and  Aluminium,  261. 
T.  S.  Hunt. — On  the  probable  origin  of  some  Magnesian  Rocks, 

272. 
St.  Clair  Deville. — Chlorids  in  Volcanos,  273. 
C.  T.  Jackson. — Agalmatolite,  273. 
A.  Gaudin. — Corundum,  273. 
C.  F.  Chandler. — Slate-rock  of  Hungary,  273. 
A.  Scott.— The  Bermuda  Islands,  274. 
T.  S.  Hunt.— The  Cherokine  of  C.  U.  Shepard,  275. 
W.  J.  Taylor. — Occurrence  of  Aragonite  near  the  Arkansas 

River,  275. 
J.  Hall,  and  F.  B.  Meek. — Fossils  from  the  Cretaceous  Forma- 

tions of  Nebraska,  275. 
J.  Hall. — New  Fossils  from  the  Carboniferous  Limestones  of 

Indiana  and  Illinois,  276. 

F.  B.  Meek. — The   Cretaceous   Fossils   of  Vancouver's   Island, 
Western  America,  276. 
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American  Journal  of  Sciences  and  Arts.     No.  71  {continued). 

F.  V.  Ilayden. — Notes  explanatory  of  a  map  and  section  illustra- 
ting the  Geological  Structure  of  the  country  bordering  on 

the  Missouri  River  from  the  mouth  of  the  Platte  River  to 
.  Fort  Benton,  2/6. 

          New  Species  and  Genera  of  Fossils  collected  by  Dr.  F. 
V.  Hayden  in  Nebraska  Territory  in  1856,  277. 

Guyot. — North  Carolina  Mountains,  277. 
Waugh. — Himalayas,  27$. 
D.  J.  Macgowan.  —  The  drving-up  of  the  Yellow  River,  China, 

278. 
J.  W.  Dawson. — Devonian  Trees,  280. 
W.  J.  Taylor. — Examination  of  a  Nickel  Meteorite,  from  Oktib- 

beha county,  Mississippi,  293. 
E.  Pugh. — Meteoric  Iron  of  Mexico,  295. 
A.  Gobel,  Wohler,  and  Duprez. — Meteoric  Stones,  295. 
Eleventh  Meeting  of  the  American  Association  (at  Montreal), 301. 

American  Philosophical  Society.     Vol.  vi.  pp.  167-202. 
Du  Bois. — Aluminium,  171. 

A.  S.  Piggot. — Columbian  Guano,  189. 
Eckfeldt  and  Dubois. — Apparatus  for  taking  specific  gravities, 

193,  201. 

Assurance  Magazine  and  Journal  of  the  Institute  of  Actuaries.     Vol. 
vii.  part  2.  No.  28,  July  1857. 

  .       .     Part  3.  No.  29,  October  1857. 

Athenaeum  Journal  for  July  to  October  1857.     From  C.  W.  Dilkey 

Esq.,F.G.S. 
Notices  of  Scientific  Meetings,  &c. 
British  Association  Meeting,  pp.  1116,  1148,  1181. 
Coal  and  Iron  in  Italy,  1129. 

Bessemer's  Cast-iron,  1332. 

Bengal  Asiatic  Society,  Journal.     New  Series,  Vol.  xxvi.  No.  84. 
1857.     No.  1. 

R.  Schlagintweit. — Magnetic  Survey  of  India,  54. 

  .   .     No.  86.   1857.  No.  2. 

A.  Schlagintweit. — Magnetic  Survey  of  India,  97. 

  .   .     No.  87.  1857.  No.  3. 

H.  G.  Raverty. — The    mountain-district    forming    the    western 
boundary  of  the  Lower  Derbjat,  commonly  called  Roh,  177. 

R.  Schlagintweit. — Report  on  the  Magnetic  Survey  of  India,  208. 

Bent's  Monthly  Literary  Advertiser.     Nos.  639,  640,  641. 
Berlin.      Zeitschrift     der    Deutschen     geologischen    Gesellschaft. 

Vol.  viii.  part  4.  1856. 

Proceedings  of  the  Society,  498. 
Proceedings  of  the   Geological  Section  of  the   Association  of 

German  Naturalists  at  Vienna,  1856,  510. 
Letters,  537. 
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Berlin.      Zeitschrift    der     Deutschen     geologischen     Gesellschaft. 
Vol.  viii.  Part  4.    1856  (continued). 

G.  Rose. — Ueber  die  heteromorphen  Zustande  der  Kohlensaure 
Kalkerde,  543. 

E.  Beyrich. — Die  Conchylien  des  Norddeutschen  Tertiargebirges ; 
Fiinftes  Stuck,  553  (3  plates). 

F.  von  Richthofen. — Ueber  den  Melaphyr,  589. 
R.  Hensel. — Beitrage  zur  Kenntniss  fossiler  Saugethiere,   660 

(2  plates). 

  .       .     Vol.ix.  Part  1.  1857. 

Proceedings  and  Letters,  1-24. 
Baeumber. —  Ueber  das  Vorkommen  von  Nickelerz  im  Mannsfeld- 

schen  Kupferschiefergebirge,  25  (2  plates). 
F.  Roemer. — Ueber  Fisch-  und  Pflanzen-fiihrende  Mergelschiefer 

des  Rothliegenden  bei  Klein-Neundorf  unweit  Lowenberg, 
und  im  Besonderen  iiber  Acanthodes  gracilis,  51  (plate). 

C.  von  Schauroth. — Die  Schalthierreste  der  Lettenkohlenforma- 
tion  des  Grossherzogthums  Coburg,  85  (3  plates). 

W.  Keferstein. — Ueber  einige  deutsche  devonische  Conchiferen 
aus  der  Verwandtschaft  der  Trigonaceen,  149  (plate). 

Grewingk. — Der  Zechstein  in  Litbauen  und  Kurland,  163. 
Noeggerath. — Das  Erdbeben  im  Siebengebirge  am  6  December 

1856,  157. 

Berwickshire  Naturalists'  Club,  Proceedings.  Vol.  iv.  No.  1. 

W.  Dickson.— Anniversary  Address,  3. 

Breslau.  Bericht  iiber  die  Thatigkeit  der  naturwissenschaftlichen 
Section  im  Jahre  1856  (Schles.  Gesellsch.  vaterl.  Kultur), 
abgestattet  von  den  Secretairen  der  Section  H.  R.  Goppert  und 
F.  Cohn. 

F.  Romer. — Ueber  neue  Fischreste  in  schwarzen  Thonschiefern 
in  dem  Dorfe  Klein-Neundorf  unweit  Lowenberg,  8. 

          Ueber  weiteres  palaontologisches  Material,  8. 

          Bach's  Geognostische  Uebersichtskarte  von  Deutsch- land,  &c,  9. 
Fische  der  Gattung  Istiens  aus  den  Kreidebildungen 

Westphaliens,  10. 

—         Murchison  und  Nicol's  Geologische  Karte  Europa's, 10. 

Dritte  Auflage  der  Lethsea  Geognostica  (Bronn),  10. 
Scharenberg. — Clymenia  undulata  aus   den   Ebersdorfer  Kalk- 

briichen,  11. 

  In  dem  Schnossnitzer  Thonlager  aufgefundenes  ex- 
emplar einer  Bluthe  (Getona  membranosa,  Goepp.),  11. 

Zeuschner. — Ueber  eine  Langs- Morane,  11. 
Steinbeck. — Ueber  die  Siegelerde  von  Striegau,  11. 
Goppert. — Ueber  die  Braunkohlen-Formation  in  Schlesien,  13. 

          Ueber  ein  zur  Erlauterung  der  Steinkohlen-Formation 
im    hiesigen    Koniglichen    botrmischen    Garten    errichtetes 
PrOfil,  14. 

VOL.  XIV.   PART  I.  G 
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British  Association  for  the  Advancement  of  Science.     Report  of  the 
26th  Meeting,  1856.     1857. 

C.  Daubeny. — Address,  xlviii. 
Report  on  the  Alterations  in  the  Channels  of  the  Mersey  within 

the  last  fifty  years,  1  (map). 

R.  MacAndrew. — Report   on   the   Mollusca  of  the   North-east 
Atlantic,  101. 

P.  P.  Carpenter. — Report  on  the  Mollusca  of  the  West  Coast  of 
North  America,  159  (4  plates). 

J.  Phillips. — Report  on  Cleavage  and  Foliation  in  Rocks.  Part  I., 
369. 

T.  Wright. — Stratigraphical  Distribution  of  the  Oolitic  Echino- 
dermata,  396. 

S.  Henslow. — The  typical  forms  of  Minerals,  Plants,  and  Animals 
for  Museums,  461. 

F.  C.  Calvert. — Incrustations  of  blast-furnaces,  (Sect.)  50. 
J.  H.  Gladstone. — The  Salts  present  in  the  Cheltenham  Waters,51. 
W.  H.  Baily. — Fossils  from  the  Crimea,  60. 
J.  S.  Bowerbank. — Siliceous  Deposits  in  the  Chalk-formation,  63. 
P.  B.  Brodie. — Corals  in  the  Lias,  64. 

          Pollicipes  in  the  Inferior  Oolite  near  Stroud,  64. 
J.  Buckman. — Basement-beds  of  the  Oolite,  64. 
R.  Harkness. — Old  palaeozoic  fossils,  65. 

          Jointings  of  Rocks,  65. 
          Lignites  of  Antrim  and  Mull,  66. 

Hennessey. — Relative  Distribution  of  Land  and  Water  as  affect- 
ing Climate  at  different  Geological  Epochs,  66. 

E.  Hull. — The  South-easterly  attenuation  of  the  Oolitic,  Liassic, 
Triassic,  and  Permian  Formations,  67. 

J.  B.  Jukes. — Alteration  of  Clay-slate  and  Gritstone  into  Mica- 
schist  and  Gneiss  by  the  Granite  of  Wicklow,  68. 

M.  Moggridge. — The  time  required  for  the  formation  of  Rolled 
Stones,  69. 

C.  Moore. — The  skin  and  food  of  Ichthyosauri  and  Teleosauri,  69. 
  Upper  and  Middle  Lias  of  the  West  of  England,  70. 

R.  I.  Murchison. — The  Bone-beds  of  the  Upper  Ludlow  Rock, 
and  base  of  the  Old  Red  Sandstone,  70. 

R.  Mushet.— An  ancient  Miner's  Axe  discovered  in  the  Forest  of 
Dean,  71  • 

R.  Owen. — Dichodon  cuspidatus,  Isle  of  Wight,  72. 
          Fossil  Musk- Ox  from  the  Wiltshire  drift,  72. 
          Dichobune  ovina,  Isle  of  Wight,  72. 
          Stereognathus  ooliticus,  Stonesfield,  73. 
          Scelidotherium  leptocephalum,  La  Plata,  73. 

W.  Peneelly. — The  Beekites  in  the  Red  Conglomerates  of  Tenby, 

74.
~ 

J. 
 
W.
  

Sal
ter

. 

— Pte
ryg

otu
s, 

 

75.
 

          Palaeozoic  Star-fishes,  76. 

H.  C.  Sorby. — Formation  of  Drift-bedding,  77- 
  Formation  of  Magnesian  Limestone,  77- 
  Microscopical  Structure  of  Mica-schist,  78. 

E.  Vivian. — Kent's  Cavern,  Torquay,  78,  119. 
Woodhall. — Lower  Lias  Rock  of  the  Yorkshire  coast,  80. 

T.  Wright. — Upper  Lias  Ammonites  in  the  so-called  Basement- 
beds  of  the  Inferior  Oolite,  80. 
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British  Association  for  the  Advancement  of  Science.     Report  of  the 
26th  Meeting,  1856.     1857  {continued). 

C.  C.  Babington. — Supposed  fossil  Fucus  from  Aust  Cliff,  83. 
L.  Jenyns. — Variation  of  Species,  101. 
A.  G.  Findlay. — Volcanic  Islets  to  the  South-east  of  Japan,  in- 

cluding the  Bonin  Islands,  110. 
F.  D.  Hartland. — Vesuvius  and  its  Eruptions,  111. 
D.  Livingstone. — Southern  Africa,  113. 
S.  Highley. — Crystallogenesis. 
H.  D.  Rogers. — Correlation  of  the  North  American  and  British 

Palaeozoic  Strata,  175. 

Canadian  Journal.     New  Series.  No.  10.  July  1857. 

E.  J.  Chapman. — Cryptoceras  in  Silurian  rocks,  264. 
Trask. — Earthquake  in  California,  299. 
T.  S.  Hunt. — Metamorphism  of  rocks,  300. 

         Analyses  of  waters  of  the   St.   Lawrence  and   the 
Ottawa,  300. 

Whitney. — Azoic  rocks  of  Canada,  302. 
Ville  and  Chapman. — Supposed  Emeralds  from  Algiers,  302. 
Billings  and  Chapman. — Cystidea,  302. 
Wohler  and  Deville. — Boron,  304. 
Field. — Silver  in  Sea- water,  305. 
Deville  and  Caron. — Magnesium,  305. 
Wohler. — Oxide  of  Silicium,  305. 

  .   .    No.  11.  September  1857- 

J.  Gilbert. — The  Arizona  Copper-mine,  321. 
T.  S.  Hunt. — On  the  origin  and  metamorphosis  of  some  Sedi- 

mentary Rocks,  355. 

S.  P.  Stratford. — Notes  on  the  Natural  History  of  New  Zealand, 357. 

Charleston  (South  Carolina).     Proceedings  of  the  Elliott  Society, 

pp.  49-104.     1856. 
L.  R.  Gibbes. — The  past  and  present  condition  of  the  Niagara 

Falls,  91. 

Frampton. — Argentiferous  Galena,  101. 

Chemical  Society,  Quarterly  Journal.     No.  38.     Vol.  x.     Part  2. 
July  1857. 

F.  A.  Abel.— Crystallized  binoxide  of  Tin,  119. 
         Manufacture  of  Iron  and  Steel,  125. 

  .   .    No.  39.  Vol.  x.  Part  3.     October  1857- 

James  Napier. — The  action  of  heat  on  Gold  and  its  alloy  with 
Copper,  229. 

Civil  Engineer  and  Architect's  Journal.     July  1857.     No.  280. 
J.  Millar. — Supply  of  water  to  Geelong,  216. 
F,  Ransome. — Artificial  Stone,  235. 

Copenhagen.     Qusestiones  quae  in  anno  1857  proponuntur  a  Socie- 
tate  Regia  Danica  Scientiarum  cum  prsemii  promissu. 

g2 
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Copenhagen.  Oversigt  over  det  Kongelige  danske  Videnskabernes 
Selskab  Forhandlinger  og  dets  Medlemmers  Arbeider  i  Aaret 
1856. 

Fr.  Wohler. — Kryolith  og  Aluminium,  247. 

Critic.     No's.  391-397. 
Notices  of  Scientific  Meetings,  &c. 

Darmstadt.  Notizblatt  des  Vereins  fur  Erdkunde  und  verwandte 

Wissenschaften  zu  Darmstadt.  Nos.  41,  42,  43,  44,  and  45  (in 
one),  and  46.     February  to  May  1857. 

R.  Ludwig. — Zur  Geologie  von  Bohmen,  305. 
Erdwarme,  311. 
Fossile  Affen,  312. 

  .     Notizblatt  des  Vereins   fiir  Erdkunde  und  verwandte 

Wissenschaften  zu  Darmstadt,  und  des  Mittelrheinischen  geolo- 
gischen  Vereins.     No.  1.  May  1857. 

Dijon.  Memoires  dePAcademie  Imperiale  des  Sciences,  Arts  et  Belles- 
lettres  &c.     Deux.  Serie.     Vol.  v.     Annee  1856.     1857. 

L.  Nodot. — Description  d'un  nouveau  genre  d'Edente  fossile, 
renfermant  plusieurs  especes  voisines  du  Glyptodon,  suivie 

d'une  nouvelle  methode  de  classification  applicable  a  toute 
rhistoire  naturelle  et  specialement  a  ces  animaux,  (Sect,  des 
Sc.)  1  (Atlas  of  Plates). 

A.  Perrey. — Bibliographic  seismique,  183. 

Dublin  Geological  Society,  Journal.     Vol.  vii.  Part  4.   1857. 

R.  H.  Scott. — Carboniferous  beds  of  Killybegs,  co.  Dublin,  181. 
J.  R.  Kinahan. — Annelidoid  Tracks  in  the  Rocks  of  Bray  Head, 

co.  Wicklovv,  184. 

W.  L.  Wilson. — Geology  of  the  neighbourhood  of  Kenmare,  188. 
C.  P.  Molony. — Drift-coal  in  Sand  near  Newcastle,  193, 
S.  Haughton. — Pitchstone  and  Pitchstone-porphyry  of  Barnes- 

more  and  Lough  Eske,  co.  Donegal,  196. 
          Distorted  Fossils  in  Cleaved  Rocks,  219  (2  plates). 

J.  Kelly. — Subdivision  of  the  Carboniferous  Formation  of  Ireland, 
222. 

Dublin  Royal  Society,  Journal.     No.  6.  July  1857. 

R.  Griffith  and  Adolphe  Brongniart. — Fossil  plants  of  the  Yellow 
Sandstone,  313  (plate). 

Anderson. — Iron  and  Coal  of  Connaught,  325  (map). 

France,  Societe  Geologique  de,  Bulletin.  Deux.  Ser.  Vol.  xiii.  feuill. 

31-36.  April  1856. 

A.  Boue. — Parallele  des  tremblements  de  terre,  des  aurores  bore- 
ales  et  du  magnetisme  terrestre,  mis  en  rapport  avec  le  relief 
et  la  geologie  du  globe  terrestre,  etc.  (fin.),  484. 

J.  Barrande. — Note  sur  quelques  nouveaux  fossiles  decouverts 
aux  environs  de  Rokitzan  (Boheme),  532. 

Gaillardot. — Decouverte  d'un  gisement  de  Nummulites  pres  de 
Seida  (Syrie),  538. 

Michel. — Note  geologique  sur  la  Dobroudcha,  entre  Rassowa  et 
»  Kustendje,  539. 
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France,  Societe  Geologique  de,  Bulletin.    Vol.  xiii.  (continued). 

A.  Damour. — Nouvelles  recherches  sur  les  sables  diamantiferes, 
542. 

R.-F.  de  Scyff. — Voyage  au  Bator,  volcan  de  Pile  de  Bali  (trad. 
par  A.  Perrey),  554. 

T.  Arriens. — Ascension  an  volcan  du  Kloed  en  Septembre  1 854 
(trad,  par  A.  Perrey),  560. 

J.  W.  Salter  et  J.  Barrande. — Sur  les  empreintes  de  Pas-de-Bceuf 

des  Vaux-d'Aubin,  pres  d'Argentan  (Orne),  568. 
Homes. — Liste  de  84  especes  marines  subfossiles  de  Kalamaki, 

sur  l'istbme  de  Corintbe,  571. 
De  Semenoff. — Sur  une  eruption  volcanique  a  Ouyiine-Kholdon- 

gui  (Mandcbourie)  en  1/21,  574. 

  .       .     Vol.  xiv.  feuill.  8-18.  Nov.— Dec.  1856. 

P.  de  Berville. — Note  sur  une  nouvelle  espece  de  crustace  fossile 
trouveedans  le  calcaire  grossier  inferieur  (PI.  IT.)  (fin.),  113. 

J.  Kcechlin-Schlumberger. — Etudes  geologiques  dans  le  departe- 
ment  du  Haut-Rhin. — II.  Environs  de  Belfort,  117. 

Sc.  Gras. — Sur  la  periode  quaternaire  dans  la  vallee  du  Rhone  et 
sa  division  en  cinq  epoques  distinctes  (Plate  III.),  207. 

A.  Viquesnel. — Analyse  de  la  premiere  partie  de  son  Voyage  dans 
la  Turquie  d'Europe,  249. 

Albert  Gaudry. — Resume  du  ler  volume  de  ses  Recherches  sci- 
entifiques  en  Orient,  252. 

Ch.  Sainte-Claire  Deville. — Memoire  sur  les  emanations  volca- 

niques,  254. 
Delesse. — Sur  la  pierre  ollaire,  280. 
B.  Studer. — Observations  dans  les  Alpes  centrales  de  la  Suisse,  287. 

Index  for  Vol.  xii. 

Franklin  Institute  of  the  State  of  Pennsylvania,  Journal.  3rd  Series. 
Vol.  xxxiv.     July  1857.     No.  1. 

W.  M.  Roberts. — Improvement  of  the  Ohio  River,  23. 
Dembinski. — Solution  of  auriferous  quartz,  56. 

  .   .     August  1857.     No.  2. 

W.  M.  Roberts. — Improvement  of  the  Ohio  River,  73. 
J.  N.  von  Fuchs. — Soluble  glass,  its  preparation  and  applications, 121. 

Gaudin. — Artificial  white  sapphire,  134. 

_.   .     September  1857.     No.  3. 

"W.  M.  Roberts. — On  the  proposed  improvement  of  the  Ohio River,  145. 

J.  N.  von  Fuchs.— On  Soluble  Glass,  194. 

Hamburg.  Abhandlungen  aus  dem  Gebiete  der  Wissenschaften, 
herausgegeben  von  dem  naturwissenschaftlichen  Verein  in 

Hamburg.     Vol.  iii.   1856. 

Illustrated  Inventor.     No.  2.  November  7,  1857. 

Isle  of  Wight  Institution.  Catalogue  of  Books,  with  its  Laws  and 
Regulations.     1848.     From  E.  P.  Wilkins,  Esq.,  F.G.S. 
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Journal  of  the  Indian  Archipelago  and  Eastern  Asia.  New  Series. 
Vol.  2.  No.  1.  1857.     From  J.  R.  Logan,  Esq.,  F.G.S. 

Literary  Gazette  for  July,  August,  September,  and  October,  1857. 
From  L.  Reeve,  Esq.,  F.G.S. 

Notices  of  Scientific  Meetings,  &c. 

C.  A.  Murray. — Dust-storm  at  Bighdad,  686. 
G.  Greenwood. — Rain  and  Rivers,  noticed,  704. 

Geological  Society's  Report,  711. 
W.  Symonds'  Stones  of  the  Valley,  noticed,  751. 
Obituary  notice  of  Dean  Conybeare,  805. 
American  Association  Meeting,  828,  1027. 
British  Association  Meeting,  822,  852,  878. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  4th  Series. 
Vol .  xiii .  No .  8  6 .  July  1857  (Supplement) .  From  R .  Taylor, 

Esq.,  F.G.S. 

S.  Haughton. — Hypostilbite  and  Stilbite,  509. 
W.  De  la  Rue  and  H.  Miller. — Burmese  Naphtha,  512. 
P.  P.  King. — Specific  gravity  of  Sea-waters,  523. 
F.  Field. — Silver  in  Sea- water,  524. 

W.  S.  Jacob. — The  Earth's  mean  density,  525. 
R.  I.  Murchison. — Silurian  rocks  and  fossils  of  Norway  and  the 

Baltic  Provinces,  529. 

R.  Owen. — The  Pliolophus  vulpiceps  from  the  London  Clay,  530. 
J.  W.  Salter. — Terrestrial  plants  in  the  Old  Red  Sandstone  of 

Caithness,  533. 

Heddle. — The  sulphato-carbonate  of  barytes  of  Thomson,  537. 

  .       .     Vol.  xiv.   No.  90.  July  1857. 

S.  Haughton. — The  siliceo-felspathic  rocks  of  the  South  of  Ire- 
land, 47. 

E.  Atkinson. — Chemical  Notices,  51. 
H.  Falconer. — The  species  of  Mastodon  occurring  in  England, 

72. Becquerel. — Slow  actions  produced  under  the  combined  influence 
of  heat  and  pressure,  76. 

  .       .     Vol.  xiv.  No.  91.  August  1857. 

Wohler. — Crystallized  Silicon,  103. 
C.  W.  Vincent. — Sulphide  of  Aluminium,  127- 
G.  P.  Scrope. — Craters  and  Lavas,  128. 
J.  Phillips. — Oolite  and  Ironstone  Series  of  Yorkshire,  153. 
J.  Buckman. — Oolites  of  Gloucestershire,  154. 
T.  D.  Ansted. — Geology  of  Andalusia,  155. 
Rammelsberg. —  Beudantite,  159. 

-.   .     No.  92.    September  1857. 

F.  C.  Calvert  and  R.  Johnson. — Chemical  changes  of  pig-iron 
and  wrought-iron,  165. 

G.  P.  Scrope. — Craters  and  Lavas,  188. 
H.  Medlock. — Reciprocal  action  of  Metals  and  the  constituents 

of  Water,  202. 

C.  G.  Williams. — Destructive  distillation  of  Boghead  Coal,  223. 
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London,  Edinburgh,  and  Dublin  Philosophical  Magazine.    Vol.  xiv. 
No.  93.    October  1857.     FromR.  Taylor,  Esq.,  F.G.S. 

T.  H.  Huxley. — The  structure  of  Glacier-ice,  241. 

Munich.    Gelehrte  Anzeigen.  Herausgegeben  von  Mitgliedern  der  k. 
bayer.  Akad.  der  Wissensch.   Vol.  xlii.    Januar  bis  Juni  1856. 

I.  Philosophisch-philologische  Classe. 
II.  Mathematisch-physicalische  Classe. 

C.  F.  Rammelsberg. — Krystallographische  Cheniie,  13. 
G.  G.  Winkler. — Die  Pseudomorphosen  des  Mineralreiches,  15. 
G.  Landgrebe. — Naturgeschichte  der  Vulkane,  31. 
B.  Cotta. — Die  Gesteinlehre,  71. 
G.  H.  O.  Volger. — Aragonit  und  Kalzit,  81. 
      Epidot  und  Granat,  105. 

III.  Historische  Classe. 
Bulletins  der  drei  Classen. 

Vogel  und  Reischauer. — Analyse  des  sogenannten  Magneteisen- 
steins  des  Silberberges  bei  Bodenmais,  57. 

F.  v.  Kobell. — Stauroskopische  Beobachtungen,  78  (2  plates). 
  .       .     Vol.  xliii.  Juli  bis  December  1856. 

B.  Cotta. — Die  Lehre  von  den  Flotzformationen,  II.  19. 
Ehrenberg. — Mikrogeologie,  II.  8 
Geinitz. — Die    Versteinerungen    der    Steinkohlenformation    in 

Sachsen,  II.  22, 

Girard. — Geologische  Wanderungen,  II.  2. 
Hausmann. — Ueber  die  durch  Molekularbewegungen  in  starren 

Korpern  bewirkten  Formveranderungen,  II.  1. 

Leonhard. — Die  quarzfuhrenden  Porphyre,  II.  7. 
Naumann. — Krystallographie,  II.  9. 
Strecker. — Das  Christiania  Silurbecken  untersucht  von  Kjerulf, 

II.  10. 

V.  Kobell. — Stauroskopische  Beobachtungen,  Bullet.  1  (plate). 

New  York.     Annual  Report  of  the  Trustees  of  the  New  York  State 
Library,  1857. 

  — .     Seventieth  Annual  Report  of  the  Regents  of  the  Uni- 
versity of  the  State  of  New  York.  1857. 

Catalogue  of  the  New  York  State  Library ;  1855.  Vol. 
i.  General  Library.  Vol.  ii.  Law  Library.  8vo.  Albany,  1856. 

North  China  Herald.     No.  395.  June  13,  1857. 

Hydrography  of  the  Yellow  River,  p.  183. 

Photographic  Society,  Journal.     Nos.  56,  57,  and  58,  and  Index  for 
Vol.  iii. 

Pick  and  Gad,  a  Monthly  Record  of  Mining  and  its  allied  Sciences 
and  Arts.     Conducted  by  W.  Arundell.     No.  1.     November 
1857. 

Physical  and  Geological  Structure  of  the  Mining  Districts  of 
Cornwall  and  South  Devon,  part  1,  1  (map). 

School  of  Mines,  12. 
Drainage  of  Mines,  16. 
Notices  of  Books,  22. 
Miscellaneous,  28. 
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Quarterly  Journal  of  Microscopical  Science,  including  the  Transactions 
of  the  Microscopical  Society  of  London.     No.  20.     July  1857. 

J.  B.  P.  Dennis. — Microscopical  characters  of  certain  so-called 
Cetacean  bones  associated  with  Cetotolites  in  the  Red  Crag, 
191  (plate). 

  .   .     No.  21.     October  1857. 

Ray  Society.     List  of  Officers,  Local  Secretaries,  and  Subscribers, 
1856. 

Monograph  of  the  Freshwater    Polyzoa,  by  Prof.  G. 
J.  Allman,  1856. 

Royal  Astronomical  Society,  Memoirs.     Vol.  xxv.  1857. 

  .       .     Monthly  Notices.     Vol.  xvi. 

Royal  Geographical  Society,  Proceedings.  No.  9.  April  and  May 
1857. 

A.  S.  Waugh,  and  B.  H.  Hodgson. — Himalayas,  345. 
  .        .      No.  10. 

Sir  R.  I.  Murchison. — Anniversary  Address,  365. 

Royal  Society.     Proceedings.     Vol.  viii.     No.  26. 

J.  Thomson. — Plasticity  of  Glacier-ice,  455. 
T.  S.  Hunt. — Metamorphism  of  Rocks,  458. 

  .       .     No.  27. 

W.  Hopkins. — Conductive   powers  of  various   substances,    and 
Terrestrial  Temperature,  535. 

J.  P.  Joule  and  W.  Thomson. — Thermal  effects  of  compression 
of  substances  and  fluids,  564. 

St.  Petersbourg,  Memoires  de  l'Academie  Impe'riale  des  Sciences  de. 
Sixieme  Serie.  Sciences  Math.  Phys.  et  Nat.  Vol.  ix.  Seconde 
partie  :  Sciences  Naturelles,  Vol.  vii.  1855. 

Bulletin  de  la  Classe  Physico-Mathematique  de  l'Aca- 
demie Imp.  des  Sc.  Nat.  de.     Vol.  xii.  1854. 

Paucker. — Die  Gestalt  der  Erde,  7- 

  ,       .     Vol.  xiii.  1855. 

N.  v.  Kokscharow. — Ueber    Klinochor    von    Achmatowsk    am Ural,  9.  t 

          Ueber  den  zweiaxigen  Glimmer  vom  Vesuv,  10. 
J.  F.  Weisse. — Mikroskopische  Analyse  eines  organischen  Polir- 

schiefers  aus  dem  Gouvernement  Simbirsk,  18. 

Von  Baer. — Kaspische  Studien,  13,  20. 
Abich. — Ueber  einen  in  der  Nahe  von  Tula  Statt  gefundenen 

Erdfall,  22  (plate). 
A.  v.  Volborth, —  Ueber  die  Prioritatsrechte  der  Trilobiten-Gat- 

tung  Zethus,  Pand.,  gegen  die  Gattung  Cryptonymus,  Eichw. 
H.  R.  Goeppert. — Ueber  die  fossile  Flora  der  Permischen  Gebilde, 382. 

-.       .       .     Vol.  xiv.  1856. 

Von  Baer. — Kaspische  Studien,  1  (map). 
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St.  Petersbourg,    Bulletin   de   la  Classe  Physico-Mathematique  de 

l'Academie  Imp.  des  Sc.  Nat.  de.     Vol.  xiv.  1856  {continued). 
Abich. — Sur  les  derniers  Tremblements  de  Terre  dans  la  Perse 

septentrionale  et  dans  le  Caucase,  ainsi  que  sur  des  eaux  et 

des  gaz  s'y  trouvent  en  rapport  avec  ces  phenomenes,  4. 
A.  Moritz. — Ueber  den  Salzgehalt  des  Wassers  an  der  Sudwest- 

kiiste  des  Kaspischen  Meeres,  11. 

Von  Helmersen. — Ueber  das  langsame  Emporsteigen  der  Ufer  des 
Baltischen  Meeres  und  die  Wirkung  der  Wellen  und  des 
Eises  auf  dieselben,  13  (plate). 

Von  Dittmar. — Zur   geognostiscben   Karte    Kamtschatka's,    16 
(map). 

N.  von  Kokscharow. — Beitrage  zur  Kenntniss  einiger  Mineralien, 19. 

H.  Abich. — Ueber  ein  scbwefelreiches  Tufgestein  in  der  Thal- 
ebene  von  Dyadin,  8. 

  .   .        .     Vol.  xv. 

Von  Baer. — Kaspische  Studien,  3,  6,  12. 
N.  von  Kokscharow. — Ueber   zwei   Topaskrystalle    aus   Nerts- 

chinsk,  19. 

Compte  Rendu  de  l'Academie  Imperiale  des  Sciences 
de  St.  Petersbourg,  1852,  1853. 

Geologie,  38. 

  .       .     _   .     1853,  1854. 

Geologie,  36. 

-.       .   .     1854  et  1855.     1856. 

Mineralogie,  94. 
Geologie  et  Paleontologie,  9/. 

Society  of  Arts,  Journal.     Nos.  241,  242-258.     (July  to  October.) 
Gold  in  British  Guiana,  632. 
Artesian  Wells  in  the  Sahara  Desert,  640. 

  .   .     Nos.  1-6,  23,  32,  109,  110,  132,  161,  164, 
166,  167,  171,  and  218. 

Statistical  Society,  Journal.     Vol.  xx.  part  3,  September  1857. 

  .   .     List  of  Fellows,  1857. 

Stockholm.     Kongl.   Vetenskaps-Akademiens    Handlingar  for    Ar 
1854.     Sednare  afdelningen. 

A.  Erdmann. — Uto  Jernmalmsfalt  i  Stockholms  Lan,  241  (19 
plates). 

H.  v.  Post. — Om  Sand0  sen  vid  Koping  i  Westmanland,  345  (2 
plates). 

  .    Konigliga  Svenska  Vetenskaps-Akademiens  Handlingar. 
Ny  Foljd.     Forsta  Bandet.     Forsta  Haftet.   1855.    4to. 

A.  Erdmann. — Om  de  iakttagelser  bfver  Vattenhbjdens  och  Vin- 
darnes  forandringar,  som  nyligen  blifvit  vid  atskilliga  fyr- 
baks- stationer  Sveriges  Kuster  tillvagabragta ;  jemte  Tabel- 

lariska  sammandrag  af  observationerna  for  aren  1852-55, 
247  (2  plates). 
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Stockholm.  0  Ofversigt  af  Konigl.  Vet.-Akad.     Forhandlingar  Tret- 
toade  Argangen  1856.     1857. 

Erdmann. — Vattenstandet  i  Malaren  och  Saltsjon  1855,  11. 
          Vattenmarken  vid  Stockholm,  189. 

          Vikersgards-grufvan,  205. 
Nilsson. — Saurier  och  fiskar  i  Skanes  Kritformation,  47. 
V.  Post. — Sandasen  vid  Kbping,  1. 

          Kross-stensbaddar  i  Skedvi  Socken,  235. 
o 

  .   o  Ars-Beriittelse  om  botaniska  Arbeten  och  Upptackter 
under  Ar  1852.     Till  Kongl.  Vetenskaps-Akademien  afgifven 
J.  Em.  Wikstrom.   1857. 

—   .     Berattelse  om  botaniska  Arbeten  och  Upptackter  under 
Aren  1853  och  1854.    Till  Kongl.  Vetenskaps-Akademien  afgif- 

ven af  N.  J.  Anderson.   1856. 

Berattelse  om  Framstegen  i  Insekternas,  Myriapodernas 
och  Arachnidernas  Naturalhistoria  for  1853  och  1854,  till  K. 

V.-Ak.  afgifven  af  C.  H.  Boheman. 

Stuttgart.     Wiirttembergische   naturwissenschaftliche    Jahreshefte. 
Achter  Jahrgang.     Drittes  Heft.     Zweite  Abtheilung.    1857. 

Plieninger. — Belodon  Plieningeri,  H.  von  Meyer,  389  (6  plates). 

  .   .     Elfter  Jahrgang.     Drittes  Heft. 

Turin.  Memorie  della  Reale  Accademia  delle  Scienze  di  Torino. 
Serie  seconda.    Tomo  xvi.   1857. 

Cantu'. — Acque  minerali  di  Recoaro,  xciv. 
A.  Sismonda. — Studii  sulla  mineralogia  sarda,  xcvi. 
De  Vecchi. — Osservazioni  Geologiche  fatti  nei  dintorni  di  Bala- 

klava  e  di  Kamara,  xcvii. 

E.  Sismonda. — Sur  le  terrain  nummulitique  superieur  du  Dego, 
des  Carcare,  &c.  dans  1'Apennin  Ligurien,  443. 

Tyneside  Naturalists'  Field  Club,  Transactions.  Vol.  iii.  Part  3. 
J.  Hogg. — Anniversary  Address,  163. 

Vienna.  Sitzungsberichte  der  Kaiserlichen  Akademie  der  Wissen- 
schaften.  Math.-nat.  Classe.  Vol.  xx.  Parts  2  and  3.  April 
and  May,  1856. 

Lang. — Untersuchung  uber  die  Structur  des  Quarzes,  392  (4 
plates). 

Leydolt. — Ueber  den  Meteorstein  von  Borkut,  398. 
Ettingshausen. — Bericht  liber  das  Werk  '  Physiotopia  plantarum 

Austriacarum,'  407  (10  plates). 

  .   .     Register  zu  den  zweiten  10  Banden  der 
Sitzungsberichte  (Band  1 1-20)  der  math.-nat.  CI.  der  K.  Akad. 
Wissensch. 

  .   .     Vol.  xxi.  Part  1.  June  1856. 

Pokorny. — Ueber  die  Darstellung  einiger  mikroskopischer  botan- 
ischer  Objecte  durch  Naturselbstdruck,  6  (plate). 

Pebal. — Notiz  iiber  das  kobaltsaure  Kali,  169. 
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Vienna.    Sitzungsberichte  der  K.  Akad.  Wissensch.  Vol.  xxi.  Part  2. 

July  1856. 
Zeuschner. — Ueber  eine  alte  Langenmorane  im  Thale  des  Biaty 

Dunajee  bei  dem  Hochofen  von  Zakopane  in  der  Tatra,  259. 
Pokorny.— -Darstellung   physiotypischer  Pflanzenabdriicke,  263 

(3  plates). 
Laurentz. — Fossiles  Harz  von  Brandeisl  bei  Schlan  in  Bohmen, 

271. 
Haidinger. — Die  hohlen  Geschiebe  aus  dem  Leithagebirge,  480 

(plate). 
Boue. — Ueber  einige  Quellen  in  Gainfahm,  533. 
Oppel  und  Suess. — Ueber  die  muthmasslichen  iEquivalente  der 

Kossener  Schichten  in  Schwaben,  535  (2  plates). 

Fillippuzzi. — Indagine  chiuiica  sopra  1'  aqua  della  fonte  felsinea 
in  Valdagno,  361. 

Tageblatt  der  32.     Versammlung  deutscher  Naturfor- 
scher  und  Aertze  in  Wien  im  Jahre  1856.   Nos.  1-8.  September 
1856. 

Geology. — v.  Haidinger,  30;  Heer,  v.  Russegger,  50;  Foetterle, 
Homes,  51;  v.  Hauer,  70;  Beyrich,  v.  Strombeck,  Lipoid, 
71  ;  Schubler,  71 ;  Homes,  Knopfler,  Heis,  Porth,  95 ; 
Carnal],  96;  Ehrlich,  113  ;  Rose,  v.  Kovats,  114;  Karsten, 
115;  Bornemann,  Grailicb,  Braun,  Szabo,  116;  Suess,  117; 
v.  Hauer,  138 ;  Cotta,  139 ;  Carnall,  v.  Hauer,  Heer,  Cotta, 
Homes,  Rose,  140;  Bornemann,  Klipstein,  141. 

Zoological  Society  of  London,  Proceedings.    Nos.  3 14-326**,  Title- 
page  for  Part  24  (1856),  and  Nos.  327-333. 

  -.     —   .     Transactions.     Vol.  iv.  Part  4.   1857. 

II.    GEOLOGICAL  CONTENTS  OF  PERIODICALS 

PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.     2nd  Series.     Vol.  xx. 
No.  115.     July  1857. 

Schmidl. — The  Baradla  Cavern,  near  Agtelek,  Hungary,  79. 

-.       .       .     No.  116.     August  1857. 
E.  J.  Chapman. — Occurrence  of  Cryptoceras  in  Silurian  Rocks, 

114. 

G.  Lawson. — Dust-showers,  153. 

-.   .   .     No.  117.     September  1857. 
J.  Lycett. — The  sands  intermediate  to  the  Inferior  Oolite  and 

Lias  of  the  Cotteswold  Hills,  compared  with  a  similar  deposit 
upon  the  coast  of  Yorkshire,  1 70. 

P.  B.  Brodie. — The  Lias  of  Barrow,  in  Leicestershire,  compared 
with  the  lower  part  of  that  formation  in  Gloucestershire, 
Worcestershire,  and  Warwickshire,  190. 
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Annals  and  Magazine  of  Natural  History.     No.  117  {continued). 

H.  Falconer.- — On  the  species  of  Mastodon  and  Elephant  occur- 
ring fossil  in  England,  231. 

C.  Gould. — Tropifer  laevis  from  the  Lias  Bone-bed,  234. 
T.  H.  Huxley. — Pygocephalus  Cooperi  from  the  Coal-measures, 

235. 

  .       .     No.  118.     October  1857. 

Dunker  und  von  Meyer's  Palseontographica.     Vol.  v.  Part  2,  1857. 
A.  W.  Stiehler. — Beitrage  zur  Kenntniss  der  vorweltlichen  Flora 

des  Kreidegebirges  im  Harze,  47  (3  plates). 

  .   .     Vol.  vi.   Parts  2  and  3. 

H.  von  Meyer. — Reptilien  aus  der  Steinkohlen-Formation  in 
Deutschland,  59  (9  plates). 

Leonhard  und  Bronn's  Neues  Jahrbuch  fur  Mineralogie,  Geognosie, 
Geologie  und  Petrefakten-Kunde.  Jahrgang  1857.  Drittes 
Heft. 

Bunsen. — Ueber  die  chemische  Zusammensetzung  des  Meteor- 
Eisens  von  Atacama,  mit  einer  geschichtlichen  Einleitung, 
257  (plate). 

J.  G.  Egger. — Die  Foraminiferen  der  Miocan-Schichten  bei  Or- 
tenburg  in  Nieder-Bayern,  266  (11  plates). 

Letters  :  Notices  of  Books,  Mineralogy,  Geology,  and  Fossils. 

  .       .   .     1857.     Viertes  Heft. 

F.  Roemer. — Ueber  Hollandische  Diluvial-  Geschiebe,  385. 
C.  Bergemann. — Mineral- Analy sen,  393. 
J.  C.  Deickie. — Saulenformige  Absonderungen  in  den  Gesteinen 

der  Molasse,  und  polirte  Flachen  in  Nagelflue-gerbllen,  401. 
R.  A.  Philippi. — Beitrag  zur  Kenntniss  der  Tertiar- Formation  in 

Chile,  404. 

H.  G.  Bronn. — Ueber  die  fossilen  Eindriicke  der  Regen-Tropfen, 407. 

Letters  :  Notices  of  Books,  Mineralogy,  Geology,  and  Fossils. 

Edinburgh  New  Philosophical  Journal.  New  Series.  No.  1 1*  Vol.  vi. 
No.  1.    July  1857. 

T.  S.  Traill.— Occultation  of  Rivers,  39. 
C.  Richardson. — Chronological  remarks  on  the  River  Wye,  43. 

H.  How. — Natro-boro-calcite  with  Glauber's  Salt  in  the  Gypsum 
of  Nova  Scotia,  54. 

W.  L.  Green. — Cause  of  the  pyramidal  form  of  the  outline  of  the 
Southern  extremities  of  the  great  Continents  and  Peninsulas 
of  the  Globe,  with  considerations  on  its  subsidences  and 
Volcanic  lines,  61  (plate). 

L.  Blodget. — Distribution  of  Rain  in  the  temperate  latitudes  of 
North  America,  93  (plate). 

A.  A.  Hayes. — Phosphate  of  Lime  in  Sea-water,  103. 
D.  Forbes. — Chemical  composition  of  some  Norwegian  Minerals, 

part  3  (Orthite  and  Calcite),  112. 
Duke  of  Argyll. — Roche  moutonnee  on  a  hill  between  Loch  Fyne 

and  Loch  Awe,  153. 
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Edinburgh  New  Philosophical  Journal.    No.  11  (continued). 

C.  Maxwell.— The  Earth's  Motion,  161. 
A.  Taylor. — Carboniferous  rocks  of  Linlithgowshire,  155. 
J.  A.  Smith. — Remains  of  Rein-deer  found  in  Dumbartonshire, 

165. 

A.  Murray. — Fossils  from  Vancouver  Island,  168. 
Fleming.— Chalk-flints  of  the  Forth,  169. 

J.  M'Bain. — Fossil  fish  and  plants  from  beneath  Arthur's  Seat, 
170. 

G.  Lawson. — Dust-showers,  173. 
Gaudin. — Artificial  sapphire,  180. 
Nickles. — Fluorine  in  Mineral  Waters,  181. 
C.  Maclaren. — Tertiary  fossils  of  Pikermi  in  Greece,  182. 
W.  S.  Symonds. — Palaeozoic  fossils  of  Kidderminster  and  Malvern, 

184. 

Newberry. — Geology  of  Northern  California  and  Oregon,  184. 
E.  Hitchcock. — A  fossil  in  the  Connecticut  River  Sandstone,  185. 

No.  12.  Vol.  vi.  No.  2.  October 
1857. 

W.  Crowder. — Chemistry  of  the  Iron-manufacture  of  Cleveland 
District,  234. 

W.  S.  Symonds. — A  new  species  of  Eurypterus  from  the  Old 
Red  Sandstone,  Herefordshire,  257,  313. 

James  Nasmyth. — Some  phenomena  in  connexion  with  Molten 
Materials,  297- 

Hennessey. — The  direction  of  gravity  at  the  Earth's  surface,  298. 
Murchison  and  Salter. — Silurian  rocks  and  fossils  of  the  N.W. 

Highlands,  311. 
S.  Haughton. — Fossil  stems  in  the  Yellow  Sandstone  of  Hook 

Point,  312. 
R.  Harkness. — Records  of  a  Triassic  Shore,  313. 
Dunoyer. — Junction  of  the  Slates  and  Granite  of  Killiney  Hill, 

county  Dublin,  313. 
Meneghini. — Geology  of  Tuscany,  313. 
R.  Griffith. — Silurian  rocks  of  Ireland,  313. 
Jukes,  Dunoyer,  and  Salter. — Geologv  of  Dingle   Promontory, 

314. 

James  Yates. — Coniferous  fruit  from  the  Greensand,  314. 

O'Kelly  —  Fault  at  Slievenamuck,  314. 
G.  H.  Kinahan. — Igneous  rocks  of  Valentia,  314. 
W.  B.  Rogers. — Paradoxides  near  Boston,  314. 
R.  Mallet. — Fourth  Report  upon  Earthquake-phenomena,  315. 
H.  C.  Sorby. — Slaty  cleavage,  316. 
W.  King. — Cleavage,  316. 
R.  Harkness. — Jointing  and  dolomitization  of  the  Lower  Carbo- 

niferous Limestone  of  the  county  of  Cork,  316. 

Clarke. — Raised  Beach  in  the  county  of  Waterford,  317- 

Hennessey. — Changes  of  the  Earth's  structure  and  changes  of  the 
sea-level,  317. 

R.  Godwin- Austen. — Granite-boulderin the  chalk  of  Croydon,318. 
H.  Schlagintweit. — Erosion  and  Cleavage,  318. 
W.  Hopkins. — The  conductive  powers  of  various  rocks,  319. 
T.  Oldham. — Geological  Survey  of  India,  320. 
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Edinburgh  New  Philosophical  Journal.    No.  12  {continued). 

W.  H.  Baily. — Fossilsof  theCarboniferousLimestoneof  Limerick, 
325. 

        A  new  fossil  Fern  from  the  Coal-measures,  near  Glin, 
county  Limerick,  326. 

J.  Birmingham. — The  Drift  of  West  Galway  and  of  the  Eastern 
parts  of  Mayo,  326. 

F.  J.  Foot. — Geology  of  part  of  the  county  Kerry,  327. 
R.  Harkness. — Geology  of  part  of  Cumberland. 
W.  S.  Symonds. — Fossils  from  the  Drift  of  the  Severn  Valley, 

328. 

E.  P.  Wright.— The  Mitchelstown  Cave,  Tipperary,  334. 
Pierce. — Form  of  the  Continents,  348. 
James  Hall. — Source  of  the  materials  of  the  Palaeozoic  rocks,  and 

origin  of  the  Appalachian  Mountains,  348. 
J.  W.  Dawson. — Stembergia,  349. 
W.  E.  Logan. — Azoic  Rocks  of  Canada,  349,  350. 
T.  S.  Hunt, — Mineral  waters  and  Magnesian  rocks,  349. 
G.  H.  Cook. — Subsidence  of  the  coast  of  New  Jersey,  349. 
T.  S.  Hunt. — Metamorphism  of  the  Sedimentary  Rocks,  350. 
J.  D.  Dana. — Trilobites  in  the  Potsdam  Sandstone,  350. 
J.  W.  Dawson. — Newer   Pliocene  fossils  of  the  St.   Lawrence 

Valley,  351. 
C.  Whittesley. — Fluctuations  of  Level  in  the  American  Lakes, 351. 

A.  C.  Ramsay. — Breaks  in  the  British  Rocks,  353. 
E.  Hitchcock. — Connecticut  River  Saudstones,  354. 
Swallow. — Geology  of  Missouri,  354. 
J.  S.  Newberry. — Mode  of  formation  of  Cannel  Coal,  368. 
Gold  in  British  Guiana,  376. 

III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Allman,  G.  J.  Monograph  of  the  Freshwater  Polyzoa.  From  the 
Ray  Society. 

Archiac,  Vicomte  oV .     Notice  Biographique  sur  Mercier  de  Boissy. 
1857. 

  .    Notice  sur  la  Vie  et  les  Travaux  de  Jules  Haime.    1857. 

Bache,  A.  D.  On  the  Tides  of  the  Atlantic  and  Pacific  Coasts  of 

the  United  States  ;  the  Gulf  Stream ;  and  the  Earthquake- 
waves  of  December  1854.     From  Sir  C.  Lyell,  F.G.S. 

Bavaria.  Magnetische  Ortsbestimmungen  an  verschiedenen  Puncten 
des  Konigreichs  Bayern  und  an  einigen  auswartigen  Stationen. 
Von  Dr.  J.  Lamont.  Part  2.   1856. 

Beskow,  Bernh.  v.  Om  forflutna  tiders  svenska  Ordsboks-foretag. 
1857. 
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Brodie,  P.  B.  On  some  species  of  Corals  in  the  Lias  of  Gloucester- 
shire, Worcestershire,  Warwickshire,  and  Scotland.     1857. 

Carter,  H.  J.  Memoirs  extracted  from  a  compilation  entitled  "Geo- 

logical Papers  on  Western  India."     1856. 
Description  of  some  of  the  larger  forms  of  fossilized  Foramini- 

fera  in  Scinde,  with  observations  on  their  internal  structure. 
Memoirs  on  the  Geology  of  the  South-east  coast  of  Arabia. 
Summary  of  the  Geology  of  India. 

Collomb,  E.     Memoire  sur  les  Glaciers  actuels. 

Delesse,  A.     Memoire  sur  la  Minette. 

  .     Notice  sur  les  Mines  de  Cuivre  du  Cap   de  Bonne- 
Esperance.     1855. 

Dennis,  J.  B.  P.  On  the  Microscopical  characters  of  certain  so- 
called  Cetacean  bones  associated  with  Cetotolites  in  the  Detrital 

Bed  of  the  Red  Crag  at  Felixstow,  Suffolk. 

Deshayes,  G.  P.  Description  des  Animaux  sans  Vertebres  decou- 
verts  dans  le  Bassin  de  Paris.     Livr.  1  et  2.     1857. 

Deville,  Ch.  St. -CI.     Etudes  de  Lithologie.     8vo.  Paris,  1850. 

  .     Observations  sur  la  nature  et  la  distribution  des  fume- 

rolles  dans  1' eruption  du  Vesuve  du  ler  Mai  1855.     From  Sir 
C.  Lyell,  F.G.S. 

Bewalque,  G.     Description  du  Lias  de  la  Province  de  Luxembourg. 

Duchessaing.  Observations  sur  les  formations  modernes  de  Tile  de 
la  Guadeloupe.     From  Sir  C.  Lyell,  F.G.S. 

Dundonald,  The  Earl  of.  Brief  extracts  from  memoranda  on  the 
Use,  Properties,  and  Products  of  the  Bitumen  and  Petroleum  of 
Trinidad.     1857. 

Erdmann,  A.  Om  de  iakttagelser  ofver  vattenhojdens  och  vindarnes 

forandringar,  som  nyligen  bliifvit  vid  atskilliga  fyrbaks-stationer 
kring  sveriges  kuster  tillvagabragta ;  jemte  tabellariska  samman- 
drag  af  observationerna  for  aren  1852-55. 

Fleming,  A.  Report  on  the  Salt-range,  and  on  its  Coal  and  other 
Minerals.     From  Sir  C.  Lyell,  F.G.S. 

Fournet,  J.     Details  au  sujet  de  la  formation  des  Oolites  Calcaires. 

Geinitz,  H.  B.  Die  geognostischen  Verhaltnisse  in  den  Umgebungen 
der  Stadt  Chemnitz. 

Entwurf  zu  einem  neuen  Mineralsysteme.      1857. 

Ueber  die  geologischen  Verhaltnisse  des  Plauenschen 
Grundes.     1857. 

Ueber   die  Wiederaufnahme   des   Silberbergbaues  bei 
Hockendorf  im  Thale  der  wilden  Weiseritz. 
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Goeppert,  H.  R.     Beispiel  einer  merkwiirdigen  Verbanderung. 

  .     Die  Tertiare  Flora  von  Schossnitz  in  Schlesien.     1855. 

  .     Die  Tertiar-flora  auf  der  Insel  Java,  nach  den  Entdeck- 
ungen  des  Herrn  Fr.  Junghuhn.      1854. 

Ueber  ein  in  hiesigen  konigl.-botanischen  Garten  zur 
Erlauterung  der  Steinkohlen-Formation  errichtetes  Profil. 

  .     Ueber  die  Braunkohlen-Formation  in  Schlesien. 

Ueber  die  fossile  Flora  der  Quadersandsteins  von  Schle- 
sien und  der  Umgegend  von  Achen.     1 84 1 . 

Ueber  die  gegenwartigen  Verhaltnisse  der  Palaontologie 
in  Schlesien,  so  wie  iiber  fossile  Cycadeen. 

Ueber  pflanzenahnliche  Einschlusse  in  den  Chalcedonen. 
1848. 

Guiet,  E.  L.  Premiere  Lettre  Geologique  adressee  a  l'Academie 
des  Sciences  et  aux  principales  Societes  Savantes  de  Paris  et  des 
Departements. 

Gutberlet,  H.  W.  K.  J.  Einschlusse  in  vulkanoidischen  Gesteinen. 
From  Sir  C.  Lyell,  F.G.S. 

  .    Ueber  das  Vorkommen  und  die  Aufbereitung  des  Edder- 
Goldes.     From  Sir  C.  Lyell,  F.G.S. 

Ueber  die  Zeit-Folge  der  hoheren  Oxydation  des  Mangan- 
und  Eisen-Oxydules  und  ihre  geologische  Bedeutung.     From 
Sir  C.  Lyell,  F.G.S. 

Ueber  Schwarzbraunstein  im  Trachytporphyr  der  Rhon. 
From  Sir  C.  Lyell,  F.G.S. 

Hall,  James.  Descriptions  of  New  Species  of  Palaeozoic  Fossils  from 
the  Lower  Helderberg,  Oriskany  Sandstone,  Upper  Helderberg, 
Hamilton,  and  Chemung  groups. 

Haughton,  S.  The  Lower  Carboniferous  Beds  of  the  Peninsula  of 
Hook,  County  of  Wexford.     From  Sir  C.  Lyell,  F.G.S. 

Hermann,  F.  B.  W.  von.  Ueber  den  Anbau  und  Ertrag  des  Bodens 
im  Konigreiche  Bayern.     I.  Abtheilung.      1857- 

Jolly.     Ueber  die  Physik  der  Molecularkrafte.      1857. 

Madras.  Exhibition  of  Haw  Products,  Arts,  and  Manufactures  of 

Southern  India,  1855.  Reports  by  the  Juries.  1856.  From 
the  Commissioners  of  the  Madras  Exhibition. 

Marcou,  J.    Cours  de  Geologie  pale'ontologique  :  Lecon  d'ouverture. 1856. 

  .     Lettres  sur  les  Roches   du  Jura  et  leur  distribution 

geographique  dans  les  deux  Hemispheres.   Prem.  Livr.    1857. 

Martius,  C.  F.  Ph.  von.     Denkrede   auf  Christian   Samuel   Weiss. 
1857. 
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Michelin,  H.     Description  de  quelques  nouvelles  especes  d'Echino- 
dermes  fossiles.     From  Sir  C.  Lyell,  F.G.S. 

Note  sur  quelques  Echinides  fossiles.     From  Sir  C. 

Lyell,  F.G.S. 

Notice  sur  un  genre  nouveau  a.  etablir  dans  la  famille  des 
Spatangoides  sur  le  nom  de  Moera      From  Sir  C. Lyell,  F.G.S. 

Museum  of  London  xlntiquities.     1857-     From  C.  R.  Smith,  Esq. 

New  York.  Documents  relating  to  the  Colonial  History  of  the 

State  of  New  York,  procured  in  England,  Holland,  and  France, 

by  J.  R.  Brodhead.  Edited  by  E.  B.  O'Callaghan.  From  the 
State  of  New  York. 

Vol.  i.  "  Holland  Documents  1603-1656.  1856. 
Vol.  iii.  London  Documents  1614-1692.  1853. 
Vol.  iv.  London  Documents  1693-1706.  1854. 
Vol.  v.  London  Documents  1707-1733.  1855. 
Vol.  vi.  London  Documents  1734-1755.  1855. 
Vol.  vii.  London  Documents  1756-1767.  1856. 
Vol.  ix.  Paris  Documents  1631-1744.     1855. 

Otto,  E.  von.  Callianassa  antiqua,  Otto,  aus  dem  untern  Quader  von 
Malter  in  Sachsen.     From  Br.  Geinitz,  For.  Memb.  G.S. 

Page,  F.  J.  Report  of  the  Exploration  and  Survey  of  the  River  La 
Plata  and  Tributaries.     From  Sir  C.  Lyell,  F.G.S. 

Ratti,  F.  Sul  Laghetto  di  recente  formation  nella  Vicinanze  di 

Leprignano.     1 85  7- 

Reeve,  L.  Conch ologia  Iconica :  Avicula,  Capsa,  Capsella,  Psam- 

mobia,  and  Sanguinolaria.     1856-57. 

Rennie,  G.  On  the  quantity  of  heat  developed  by  water  when 
violently  agitated  ;  and  experiments  to  determine  the  resistance 
of  a  screw  revolving  in  water  at  different  depths  and  velocities . 
1857. 

Roemer,  Ferd.  Ueber  neue  Fischreste  in  schwarzen  Thonschiefern 

in  dem  Dorfe  Klein-Neundorf,  unweit  Lowenberg.  From  Prof 
Goeppert,  For.  Memb.  G.S. 

Rose,  G.  Ueber  den  sogenannten  Baby lon-Quarz  aus  England.  From 
Sir  C.  Lyell,  F.G.S. 

Santagata,  D.  Origine  delle  orgille  scagliose  dal  calcare  compatto 

dal  macigno  dall'  arenaria  e  da  un  conglomerate  ofrolitico.  From 
Sir  C.  Lyell,  F.G.S. 

Schmidt,  C.  Ueber  die  Devonischen  und  Silurischen  Thone  Liv-  und 
Ehst-lands.     1856. 

Schrenk,  A.  G.  Reise  nach  dem  Nordosten  des  europaischen  Russ- 
lands,  durch  die  Tundren  der  Samojeden,  zum  Arktischen  Ural- 
gebirge.     Zweiter  Theil.  Wissenschaftliche  Beilagen.     1854. 

VOL.  XIV. — PART  I.  H 
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Sismonda,  E.     Notizia  storica  dei  Lavori  falti  dalla  Classe  di  Scienze 

fisiche  e  matematiche  nell'  Anno  1855. 

Note  sur  le  Terrain  Nummulitique  Superieur  du  Dego, 
des  Garcare,  &c.  dans  PApennin  Ligurien. 

Spratt,  T.  A.  B.  On  the  Geology  of  Malta  and  Gozo.  Second 
Edition.     From  the  Colonial  Office. 

Stein,  W.  Chemische  und  chemisch-technische  Untersuchung  der 
Steinkohlen  Sachsens.  (Die  Steinkohlen  des  Konigreichs  Sach- 
sen.  Zweite  Abtheilung.)  1857.  From  Prof.  Geinitz,  For. 
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William  Reed,  Esq.,  M.R.C.S.,  York,  was  elected  a  Fellow. 

The  following  communication  was  read  :  — 

On  the  species  of  Mastodon  and  Elephant  occurring  in  the  fossil 

state  in  England. — Part  II.  Elephas.  By  H.  Falconer, 
M.D.,  F.R.S.,  F.G.S. 

[The  publication  of  this  paper  is  unavoidably  postponed.] 

[Abstract.] 

In  the  introductory  portion  of  Part  I.  of  this  Memoir*,  the  author 
alluded  to  the  ambiguity  that  has  existed  relative  to  the  mammalian 
faunae  of  the  Miocene  and  Pliocene  periods,  in  consequence  of  palaeon- 

tologists confounding  several  distinct  forms  of  Mastodon,  of  different 
geological  ages,  under  one  name  (M.  angustidens)  ;  and  on  this 
occasion  Dr.  Falconer  stated,  that,  in  the  application  of  the  name 
Elephas  primigenius  (Mammoth)  to  a  multitude  of  elephantine  re- 

mains from  various  superficial  and  deep  deposits,  over  a  vast  extent 
of  territory,  and  of  different  ages,  a  similar,  if  not  a  greater,  amount 
of  error  and  confusion  had  arisen. 

In  fact,  at  least  half  the  habitable  globe  has  been  assigned  to  the 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  308. 
VOL.  XIV. — PART  I.  G 
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Mammoth  as  his  pasture-ground,  if  we  were  to  accept  the  determi- 
nations of  all  those  who  have  written  on  the  remains  of  Elephas  pri- 

migenius.  The  duration,  too,  of  this  nominal  species  in  time  is 
equally  remarkable,  so  considered  ;  since,  as  it  has  been  quoted  from 

the  lower  and  the  upper  pliocene  beds,  as  well  as  from  the  post- 
pliocene  glacial  gravels,  it  ought  to  have  existed  before  the  European 
area  received  its  present  geographical  form,  and  indeed  before  the 
Alps,  Apennines,  and  Pyrenees  reached  their  present  elevation. 

After  noticing  the  difficulty  met  with  by  the  geologist  in  the 
classification  of  the  newer  Tertiaries,  on  account  of  this  supposed 
ubiquitous  presence  of  the  Mammoth,  the  author  proceeded  to  show 
that  several  species,  belonging  to  two  distinct  subgenera,  have  been 
generally  confounded  under  the  name  of  Elephas  primigenius ;  and 
that  each  had  its  limited  range  in  geographical  area  and  geological 
time. 

The  present  condition  of  the  nomenclature  of  the  subject,  and  the 

history  of  the  established  species  of  European  fossil  Elephants  *, 
namely  E.  (Loxod.)  meridionalis,  E.  (Loxod.)  priscus,  E.  (Eueleph.) 
antiquus,  and  E.  (Eueleph.)  primigenius,  preceded  an  explanation  of 
the  principles  on  which  the  species  are  determined,  and  a  description 
of  the  dental  characters  by  which  the  Elephants  are  divisible  into  sub- 

genera,— a  succinct  account  of  which  was  given  in  the  former  part  of 

theMemoir(vol.xiii.p.462).  The  "intermediate  molars"  in  Elephants 
have  never  less  than  six  divisions  of  the  crown,  and  sometimes  as  many 
as  eighteen.  These  molars  have  not  all  an  equal  number  of  ridges: 
some  Elephants  have  an  augmentation  of  only  one  ridge  to  the  crown 

of  the  penultimate  of  these  molars;  these  are  " hypisomerous," 
namely  Stegodon  and  Loxodon ;  others,  in  which  the  number  of  the 

ridges  progressively  increases,  are  "anisomerous,"  and  form  a  third 
natural  group,  namely  the  Euelephas  or  Elephas  proper.  The  Stego- 

don has  four  species,  fossil  in  India ;  and  approaches  the  Mastodon 
in  the  form  of  the  molars.  The  Loxodon  includes  the  existing  African 
Elephant  and  three  fossil  species,  and  is  characterized  by  its  distinct 
rhomboid al  discs  of  wear  on  the  grinders.  Euelephas  has  thin-plated 
molars  ;  but  in  some  species  there  are  intermediate  stages,  as  regards 
the  angular  mesial  expansion  of  the  plates,  between  it  and  Loxodon. 

Dr.  Falconer  next  proceeded  to  review  some  well-ascertained  mam- 
malian faunas  localized  in  certain  parts  of  Europe,  where  the  con- 
ditions of  deposit  are  most  simple,  and  to  apply  the  results  to  the 

more  complex  instances,  where  the  remains  of  more  than  one  distinct 
fauna  are  intermingled,  or  so  closely  deposited  as  to  be  too  readily 
confused  by  collectors.  With  this  view,  the  author  instanced  the 
Subapennine  or  pliocene  deposits  of  the  Astesan,  and  elsewhere  in 
Piedmont  and  Lombardy,  where  M.  (Trilophodon)  Borsoni,  M.  (Te- 
tralophodon)  arvernensis,  E.  (Loxodon)  meridionalis,  E.  (Loxod.) 
priscus,  and  E.  (Euelephas)  antiquus,  with  Rhinoceros  leptorhinus, 
Hippopotamus  major,  &c,  are  found  associated  together.  In  the 

Subapennine  beds  of  the  Val  d' Arno,  in  Tuscany,  M.  (Tetralophodon) 
arvernensis  and  E.  (Loxodon)  meridionalis  occur  with  the  same  Hip- 

*  See  the  Tabular  Synopsis,  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  319. 
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popotamus  and  Rhinoceros.  Near  Chartres,  in  France,  E.  (Loxo- 
dori)  meridionalis  accompanies  H.  major  and  Rhinoceros  leptorhinus. 
The  above-mentioned  are  necessarily  the  leading  mammalian  forms 
of  the  older  Pliocene  period.  North  of  the  Alps  pliocene  deposits 
similar  to  those  of  Italy  occur  in  some  parts  of  Switzerland,  but  they 
are  soon  overlaid  towards  the  north  by  a  distinct  mass  of  erratic  drift 
of  a  different  age  and  with  different  mammalian  remains.  In  the 

fluviatile  "Loess"  or  "Lehm"  of  the  valley  of  the  Rhine,  and  in 
the  Glacial  Drift  of  the  plains  of  Northern  Germany,  these  post-plio- 

cene deposits  contain  remains  of  the  true  Mammoth,  with  the  ticho- 
rhine  Rhinoceros,  the  Musk-buffalo,  &c,  which  thus  constitute  the 

leading  types  of  the  post-pliocene  mammalian  fauna. 
On  the  eastern  coast  of  England,  the  Crag-deposits  (the  Red 

.  and  Norwich  Crags)  yield  the  pliocene  31.  (Teiralophodon)  arvemen- 
sis,  E.  (Loxodon)  meridionalis,  and  E.  (Euelephas)  antiquus;  and  the 
so-called  Elephant-beds  at  Cromer,  Mundesley,  and  Hasborough  fur- 

nish E.  (Lox.)  meridionalis  and  E.  (Euel.)  antiquus,  with  Rhin.  lep- 
torhinus and  Hip.  major.  These  characteristically  pliocene  fossils, 

however,  are  occasionally  intermingled  with  the  remains  of  the  post- 
pliocene  E.  {Euelephas)  primigenius,  the  latter  fossils  having  been 
derived  from  the  overlying  and  later  drift-beds,  which  have  thus 
proved  a  fertile  source  of  the  confusion  and  ambiguity  already  referred 
to.  To  some  extent,  similar  conditions  exist  at  Bracklesham  Bay  and 
Pagham  Harbour,  where  molars  of  E.  primigenius  are  found  in  the 
upper  gravels,  whilst  remains  of  E.  antiquus  abound  in  the  older  mud- 

deposit,  lately  described  in  the  Society's  Journal  by  Mr.  Godwin- Austen. 

Dr.  Falconer  then  considered  the  fluviatile  deposits  of  the  Valley 
of  the  Thames,  in  relation  to  their  Elephantine  remains ;  especially 
at  Grays  Thurrock  and  Brentford.  At  the  former  place  the  author 
recognizes  the  true  pliocene  assemblage  of  E.  (Loxodon)  priscus,  E. 
(Euelephas)  antiquus,  Hippopotamus  major,  and  Rhinoceros  leptorhi- 

nus; but  the  group  of  mammals  found  at  Brentford,  according  to  the 
published  determinations,  indicate  the  close  proximity  of  both  the 
pliocene  and  post-pliocene  faunae  at  different  levels  of  the  same 
section.  The  Grays  Thurrock  deposits,  and  the  lower  beds  at  Brent- 

ford were  inferred  to  be  of  an  earlier  age  than  any  part  of  the 
Boulder-Clay  or  Till. 

The  grouping  of  the  E.  primigenius,  Rhinoceros  tichorhinus,  Bu- 
balus  moschatus,  &c,  in  the  newer  gravels  of  England  and  elsewhere 
was  next  dwelt  upon,  as  affording  an  additional  clue  to  the  tracing  of 
the  several  characteristic  mammalian  faunas  over  the  European  area. 

To  the  possible  objection  of  there  being  too  many  large  Probos- 
cideans grouped  in  one  fauna,  the  author  replied  that  the  bones  of 

Elephantine  animals  of  three  distinct  species  actually  occur  together 
in  one  stratum  in  Italy,  and  that  six  species  are  found  in  deposits  of 
one  age  in  the  Sivalik  hills. 

Dr.  Falconer  concludes  that  the  same  mammalian  fauna  existed 

throughout  the  period  during  which  both  the  Crag  and  the  fluviatile 
beds  of  the  Thames  Valley  were  being  deposited ;  and  that  a  chro- 

G  2 
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nological  division  of  the  newer  Tertiaries  into  older  Pliocene,  newer 
Pliocene  or  Pleistocene,  and  Post-pliocene  is  untenable ;  too  much 
stress  having  been  laid  by  authors  upon  the  shell-evidence  on  this 
point.  At  the  same  time,  it  is  not  meant  to  be  implied  that  all  the 
species  of  the  fauna  ranged  everywhere  throughout  the  area :  some 
in  all  probability  were  peculiar  to  the  south,  and  others  to  the  north. 

The  presence  of  Hippopotamus  major  in  the  pliocene  deposits  was 
pointed  out  as  being  of  great  importance  in  indicating  the  character 
of  the  pliocene  land,  which,  extending  between  England  and  the 
Continent,  must  have  afforded  a  great  system  of  rivers  and  lakes, 
and  probably  had  a  comparatively  warm  temperature,  as  late  as  the 
deposition  of  the  Grays  beds,  where  also  (as  is  well  known)  occur 
some  southern  freshwater  shells,  now  extinct  in  England. 

After  some  remarks  on  the  negative  evidence  afforded  by  this  mam- 
malian fauna  with  regard  to  the  supposed  refrigeration  of  the  land 

during  the  Pliocene  period,  Dr.  Falconer  reviewed  the  opinions  of 
some  English  geologists  on  the  physical  conditions  and  faunae  of 
this  region  during  the  newer  Tertiary  epoch,  especially  the  views  of 
Mr.  S.  Wood,  Mr.  Prestwich,  and  Mr.  Trimmer ;  and  concluded 
with  a  few  remarks  on  the  occurrence  of  E.  antiquus  in  the  Cefn 

and  Kirkdale  Caves,  and  of  E.  primigenius  in  Kent's  Hole,  and  on 
the  non-existence  of  E.  primigenius  south  of  the  Alps,  and  its  restric- 

tion in  the  United  States  of  America  to  the  Northern  and  Central 

States.  In  the  Southern  States  and  in  Mexico  a  distinct  fossil  species, 
E.  (Euelephas)  Columbi,  hitherto  undescribed,  occurs  along  with 
remains  of  Mastodon,  Mylodon,  Megatherium,  Horse,  &c. 

June  17,  1857. 

Charles  Preston  Molony,  Esq.,  Capt.  Madras  Army,  Holies  Street, 
Dublin,  and  George  Ilobbins,  Esq.,  Grosvenor  Place,  Bath,  were 
elected  Fellows. 

The  following  communications  were  read  : — 
1.  On  some  Comparative  Sections  in  the  Oolitic  and  Iron- 

stone Series  of  Yorkshire.  By  John  Phillips,  M.A., 
LL.D.,  F.R.S.,  F.G.S.,  Reader  in  Geology  in  the  University  of 
Oxford. 

[Plate  VI.] 

Introduction. —  A  geologist  well  versed  in  the  Oolitic  groups  of 
the  South  of  England  or  the  North-west  of  France  finds  himself  per- 

plexed by  the  first  aspect  of  the  coeval  strata  in  the  north  of  York- 
shire, which  are  so  rich  in  bands  of  ironstone,  layers  of  coal,  and 

hundreds  of  beds  of  gritstone  and  shale,  as  to  resemble  a  tract  of  old 
carboniferous,  rather  than  a  terrace  of  oolitic  rocks.  Nor  are  the 

features  and  physical  geography  more  similar  in  the  two  districts — 
broad  mountainous  moor-lands  in  one,  rich  corn-laden  hills  in  the 
other.  On  further  research,  the  strong  contrasts  which  thus  appear 
between  the  series  of  the  north  and  south  of  England  are  found  to 
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be  most  remarkable  in  the  group  of  the  Bath  or  Lower  Oolite,  though 
some  peculiarities  worthy  of  notice  occur  in  almost  every  part  of  the 
section  between  the  Chalk  and  the  Triassic  formations,  and  even  ex- 

tend to  the  Chalk  itself.  The  author  proposes,  on  a  future  occasion, 
to  present  a  memoir  on  the  Lower  Cretaceous  and  Upper  Oolitic 
deposits,  including  the  Speeton  Clay  ;  but  his  remarks  are  now 
limited  upwards  by  the  Coralline  Oolite  and  downwards  by  the  Lias, 
both  included.  And  they  relate  to  the  deposition  and  succession  of 
strata,  with  some  references  to  the  distribution  of  organic  life. 

It  is  now  above  thirty  years  since,  following  the  steps  of  William 
Smith,  I  began  to  draw  the  parallels  of  geological  time  from  the 
south  of  England  into  the  north-eastern  district  of  Yorkshire.  Se- 

parated as  these  districts  are  by  the  nonconformity  under  the  York- 
shire Wolds,  and  still  more  alienated  by  modifications  affecting  more 

or  less  all  the  strata,  it  was  necessary  to  use  great  caution  in  select- 
ing the  principal  lines  of  contemporaneity.  Guided  by  the  evidence 

of  organic  remains  and  the  succession  of  strata,  we  traced  in  the 
first  place  the  continuous  area  of  the  Lias,  and  marked  the  place  and 
value  of  the  Marlstone,  which  Smith,  first  of  all  observers,  had  cha- 

racterized near  Bath.  We  then  defined  the  Kimmeridge  Clay,  Coral- 
line Oolite,  Calcareous  Grit,  and  Oxford  Clay,  and  beheld  with  sur- 

prise a  rock  60  or  even  90  feet  thick  replacing  the  weak  sands  of 
Christian  Malford,  and  holding  in  abundance  the  peculiar  fossils  of 
Kelloway  Bridge.  Even  this  was  not  achieved  without  some  diffi- 

culty ;  for  the  Coralline  Oolite  of  Malton  contains  several  fossils 
identical  with,  and  others  not  easily  separated  from,  frequent  residents 
in  the  Inferior  Oolite. 

Beyond  this  every  fresh  step  was  difficult  at  that  time,  and  re- 
quires wary  movements  at  the  present  moment. 

In  my  work  on  the  Yorkshire  Coast,  published  in  1829,  the  sec- 
tion of  the  cliffs  was  taken  as  a  type,  and  the  results  then  affirmed, 

after  three  complete  surveys  of  the  whole  coast,  have  met  with  gene- 
ral acceptance.  In  one  important  point  they  have,  indeed,  been  em- 

ployed by  some  of  my  friends  with  quite  as  high  a  trust  in  their  con- 
tents as  I  ever  felt, — for  I  have  always  regarded  as  a  bold  decision 

my  reference  of  the  grey  limestone  series  of  White  Nab  to  the  Forest 
Marble  and  Great  Oolite  of  Bath  ;  and  the  shelly  sandstones  of  Blue 
Wick  to  the  Inferior  Oolite  of  Somersetshire  (see  edition  1,  1829). 

On  another  point,  the  fixing  of  the  Brandsby  slate  on  a  parallel 
above  the  assumed  Great  Oolite,  though  no  doubt  has  been  publicly 
expressed,  my  friends  can  hardly  have  avoided  feeling  it ;  for  this 
rock  is  analogous  to  the  Stonesfield  slate,  and  that  lies  under  the 
Oolite  of  Bath.  By  three  separate  investigations  I  have  assured 
myself  of  the  accuracy  of  my  first  determination  ;  and  thus,  if  the 
place  of  the  Great  Oolite  be  rightly  given  in  the  sections  of  York- 

shire, the  Brandsby  stone  is  an  equivalent  of  Hinton  Sandstone  or 
Forest  Marble. 

It  is  not,  therefore,  for  the  purpose  of  a  formal  correction,  or  of 
an  implied  amendment  of  my  published  sections,  that  I  offer  this 
paper  ;  but  for  the  purpose  of  recording  variations  in  the  deposits, 

^_j 
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within  the  limited  area  chosen,  which  may  throw  light  on  the  history 
of  this  peculiar  type  of  the  Oolites.  This  history  has  now  acquired 
other  points  of  interest  than  those  long  known  to  belong  to  it.  The 
bands  of  ironstone  which  were  noticed  in  several  parts  of  my  sec- 

tions, and  which,  gathered  in  fragments  on  the  beach,  yielded  a  few 
hundred  tons  of  iron  in  a  year,  when  transported  to  Newcastle,  are 
now  so  much  explored  in  many  of  the  interior  hills  and  vales,  as  to 
feed  long  ranges  of  blast-furnaces  on  the  Tees,  and  send  half  a  million 
of  tons  of  ore  in  a  year  to  the  great  iron-works  in  the  west  of  Dur- 

ham, by  railways  which  bring  back  in  return  1 00,000  tons  of  iron. 

In  a  few  years  this  vast  "yield "  will  be  doubled  or  trebled,  for  the 
iron-ore  is  inexhaustible,  and  what  is  now  worked  is  much  surpassed 
in  richness  by  some  as  yet  only  beginning  to  be  known. 

It  must  not  be  supposed  that  in  every  part  of  the  district  the 
Lower  Oolites  of  Yorkshire  fit  themselves  to  any  one  section  assumed 

as  a  type  of  their  development  in  the  north-east  of  the  county :  on 
the  contrary,  there  occur  great  variations.  Neither  can  the  Bath 
type  of  the  Oolites  be  adapted  to  the  Midland  districts  of  England, 
without  some  important  changes.  I  propose  to  show,  in  the  first 
place,  what  are  the  principal  differences  in  Yorkshire,  and,  by  com- 

paring these  with  the  sections  in  North  Lincolnshire  and  Oxford- 
shire, to  show  how  real  is  the  connexion  and  how  great  is  the  varia- 

tion of  the  several  parts  of  this  large  Oolitic  field. 
The  Yorkshire  coast  furnishes  one  complete  section  of  this  series, 

measurable  in  every  part,  which  has  again  and  again  been  measured 
and  remeasure.d  by  myself,  both  before  and  since  the  year  1829,  the 

year  of  the  publication  of  the  '  Illustrations  of  the  Geology  of  York- 
shire.' I  have  no  material  change  to  make  in  this  section ;  but  in 

regard  of  the  beds  at  Gristhorpe,  which  correspond  to  the  Bath 
Oolite  and  the  strata  between  it  and  Cornbrash,  some  details  will  be 
useful  which  were  not  needed  in  that  sera  of  geology.  Prof.  W.  C, 

Williamson  *  and  Prof.  J.  Morris  t  have  already  contributed  some 
observations  on  this  remarkable  section,  but  they  do  not  render  it 
undesirable  for  me  to  give  measures  in  detail. 

Coast  Sections  near  Scarborough. — A  vertical  section  of  the  beds 
on  the  Yorkshire  Coast  from  the  base  of  the  Kimmeridge  Clay  to 
the  top  of  the  Lias,  taken  by  measure  from  the  face  of  the  cliffs, 
with  only  the  addition  of  the  Upper  Calcareous  Grit  in  Silpho  Brow, 
which  is  near  the  coast,  is  about  1 1 20  feet  in  thickness,  of  which 
420  feet  belong  to  the  Middle  Oolitic  formation  in  the  subjoined 

proportions  :  — 
feet. 

Upper  Calcareous  Grit  (not  seen  on  the  coast,  but  observed 
at  Silpho,  Pickering,  Sinnington,  &c.)           60H — 

Coralline  Oolite       60 
Lower  Calcareous  Grit       80 
Oxford  Clay      150 
Kelloway  Rock    50  to     70 

(It  is  thicker  in  other  places.) 

O.S 

"2    t- 

*  Trans.  Geol.  Sot:.  2  ser.  vol.  v.  p.  223;  and  vol.  vi.  p.  143;  Proc.  vol.  ii.  p.  429. 
t  Quart.  Jotirn.  Geol.  Soc.  vol.  ix.  p.  317- 
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On  comparing  this  with  the  corresponding  section  of  the  south  of 
England,  it  may  be  remarked,  that  only  near  Weymouth  is  the 
Upper  Calcareous  Grit  well  exhibited,  and  that  it  is  there  associated 

with  Kimmeridge  clay,  and  contains,  like  it,  Ostrea  delto'idea.  I  have 
seen  this  once  in  the  Vale  of  Pickering  in  Yorkshire.  Again  we  re- 

mark the  extraordinary  development  of  Kelloway  rock  in  Yorkshire, 
to  ten  times  its  dimensions  in  Wiltshire  ;  while,  on  the  other  hand, 

the  Oxford  clay  is  reduced  to  one-fourth  of  the  thickness  which  it 
has  in  the  Midland  Counties,  and  is  a  much  more  sandy  and  much 
less  fossiliferous  deposit.  We  now  proceed  to  consider  the  Lower 
Oolitic  formations.     (See  Sections  1  and  2,  PL  VI.) 

Section  No.  1  is  the  well-known  general  section  of  the  Lower 
Oolitic  series  near  Bath,  as  it  was  understood  and  named  by  Smith. 
Section  No.  2  is  the  corresponding  series  in  Yorkshire. 

X 

No.  1. 

f,      Cornbrash. 

{3.  Hinton  Sandstone. 2.  Forest  Marble. 

1.  Bradford  Clay. 

d.      Great  Oolite. 

f  Upper  Fuller's-earth  clays. 
c.  <  Fuller' s-earth  rock. 

[  Lower  Fuller's-earth  clays. b.      Inferior  Oolite. 
a.      Sands  over  the  Lias. 

No.  2. 

f.      Cornbrash. 
f  3.  Shales,  sandstones,  ironstones; 

plants. _    J  2.  Shelly  oolitic  beds,  ironstone; 
&c. 

1.  Shales,  sandstones,  ironstones; 
plants,  coal,  freshwater  shells. 

d.      Oolite  of  Gristhorp. 

(Shales,  sandstones,  ironstones. Beds  of  coal,  plants   sometimes 
erect. 

b.     Dogger  and  oolitic  ironstone. 
a.      Sands  of  Blue  Wick. 

The  two  sections  being  drawn  to  occupy  the  same  vertical  space, 
the  enormous  extension  of  the  sandy  and  the  great  contraction  of  the 
calcareous  portions  in  Yorkshire,  corresponding  to  the  more  littoral 
character  of  that  region,  is  very  apparent.  There  is  also  very  little 

"clay,"  as  the  term  is  used  in  the  south  of  England,  in  this  section 
in  Yorkshire  ;  it  is  usually  more  shaly,  often  more  sandy  or  even 
streaked  with  sandstone  laminae,  so  as  to  resemble  what  is  called 

"lin  and  woon"  in  Lancashire.  The  following  observations  supply 
a  few  details  regarding  the  several  groups  f  to  a. 

f.  Cornbrash. — This  is  often  not  above  2  feet  6  inches  thick,  and 
in  this  small  thickness  is  a  parting.  The  top  is  ferruginous,  and 
mostly  very  shelly ;  the  lower  part  is  shelly,  and  often  contains 
root-like  bodies  at  the  bottom.     Pale  blue  clay  4  or  5  feet  below. 

In  the  strata  (e  3)  immediately  below  Cornbrash,  clays  and  shales 
predominate  over  sandstones  for  about  80  or  100  feet ;  then  we  have 
for  the  base  of  this  series  about  20  or  30  feet  of  sandstone,  resting 
on  pale  clays,  full  of  oblique  lamination,  often  containing  fragments 
of  wood.  The  following  is  a  summary  of  the  beds  as  they  appear 

in  Gristhorp  Bay,*,  south  of  the  island,  the  thicknesses  being  some- 
times measured,  sometimes  estimated.     Total  121  feet  10  inches. 

*  In  one  of  my  later  examinations  of  the  Gristhorp  Section,  I  received  no  small 
help  from  Mr.  Peter  Cullen. 
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ft.  in. 
Cornbrash  above. 

Pale  clay,  with  some  root-like  masses  resting  on  dark 
shaly  clay        5     0 

Thin  skerry  sandstone        0     4 
Pale  clays   3  ft.  to     6     6 
Skerry  sandstone  and  shale,  changing  to  solid  sand- 
stone   1  ft.  to     6     0 

Shale,  darkens  at  the  bottom     14     0 

White  sandstone — "  pipy  " — with  two  thin  partings...     5     6 
Shale,  growing  dark  at  the  bottom       6     0 
Pale  blue  shale  and  laminated  white  sandstone  (in  one 

place  ironstone)       8     0 
Alternations  of  pale  bluish  and  purplish  shaly  clay    ...     9     0 

Thin  sandstone   "J Series  of  pale  bluish  and  purplish  shaly  clays,  with  I   29     6 
bands  of  nodules  of  granular  iron-ore   J 

Variable  grits  and  shales       8     0 
Variable  sandstones,  with  layers  of  wood,  the  top  very 

irony  ;  it  is  unconformed  on  the  beds  below...  12  ft.  to  20     0 
Pale  clays,  with  a  band  of  jet  and  some  lumps  of  iron- 

stone at  the  bottom        4     0 

0 

0 

The  thicknesses  are  all  variable  in  a  short  distance,  and  the  beds 
of  sandstone  vary  in  quality  in  a  few  yards. 

On  the  north  side  of  the  island,  the  lower  part  of  this  series,  be- 
low the  granular  iron-ore  bands,  appears  as  under : — 

ft.  in. 
Sandstone         4     0 
Shale       5     0 
Sandstones,  with  shale  partings          5     0 
Sandstones  and  shales,  in  wedge-like  alternations ;  the  lowest 

shale  very  dark       16ft.  to  21 
Irregular  sandstone,  with  partings  of  shale  and  layers  of  wood, 

in  the  state  of  jet  or  coal    12 
This  rests  unconformedly  on  the  subjacent  series,  e  2. 

In  the  whole  of  this  series,  no  special  plant-bed  has  been  recog- 
nized in  the  Gristhorp  section,  nor  have  any  shells  been  seen  there. 

North  of  Scarborough,  Cycadaceous  leaflets  occur  in  a  brown  iron- 
stone about  40  feet  below  Cornbrash,  and  at  Scalby  Beck  is  a  layer 

of  the  leaves  which  I  called  Sphcenopteris  latifolia  (Geol.  of  York- 
shire, ed.  1.  p.  148,  pi.  7.  fig.  18). 

e  2. — The  beds  thus  designated  are  only  seen  in  a  complete  state 
on  the  south  side  of  the  island  at  Gristhorp ;  on  the  north  side  of 
the  island  the  top  was  removed  by  denudation  before  the  lowest  beds 
of  e  3  were  deposited. 

Section  of  the  series  of  subcalcareous  and  ferruginous  beds  (e  2), 
some  of  them  yielding  marine  shells,  in  Gristhorp  Bay,  south  of  the 
island  : — 

ft.  in. 
'  Hard  sandy  bed,  irony  at  top,  with  decomposing  bisul- 

phuret  of  iron  and  some  jet       1     3 
Grey  streaky  sandstone,  with  some  decomposing  bisul- 

phuret      ,       2 
Brown  laminated,  partly  ferruginous,  bed       2 
Grey  sandy  shales,  sulphureous         2 
Ironstone-balls  in  a  band  (Avicula  Braamburiensis)        1 
Subcalcareous,  partly  shelly,  bed           2 
Ironstone-balls  in  a  band       0 

« 
M =1       . 

O  <M 

<3  «> 
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S  CQ  <n 

%    %    * 

ft  in. 

Calcareous  bed,  with  BelemnitesAalemis  at  the  top,  Ostrea 
Marshii,  &c       2     4 

Sulphureous  laminated  shale,  with  nodular  ferruginous 
top       1     8 

or 

0 

0 

4     0 

™< 

o 
9    0 

0 

On  the  north  side  of  the  island,  as  already  observed,  the  upper 
part  is  wanting — the  uppermost  bed  seen  is  the  band  of  ironstone- 
balls  with  Avicula. 

The  next  series  of  beds,  marked  e  1,  is  found  nearly  alike  on  both 
sides  of  the  island  in  the  upper  members,  but  very  unlike  in  the 
lower  members. 

Commencing  in  the   south,  we  have,  mostly  of  freshwater 
estuary  origin, — 

Hard  sharp  laminated  sandstone,  with  thin  lines  of  shale    ft.  in. 
and  distinct  vertical  joints      t       5     0 

Shale,  dark  and  "  coaly  "  at  top  and  bottom,  the  middle 
occasionally  resembles  "  seat  earth  "       5 

"  Pipy '-'  white  sandstone,  passing    downward   to    "  seat 
earth,"  and  still  lower  to  shale  with  ironstone  pins        5 

Lumpy  sandstone,  partly  dotted  with  ironstone,  jet,  and 
wood.     Forms  resembling  Lutraria,  Modiola,  but  not 
known  for  certain  to  be  organic    2  ft.  6  in.  to 

Dark  laminated  curled  Coal  shale,  with  many  plants,  and 

especially Equisetitescolumnaris.  Here isa" sulphur  *line " 
Sandy  grey  laminated  shales,  or  sandstone,  a  little  pipy  ... 
Shales,  with  a  thin  sandstone  layer  and  dark  Coal  bands, 

many  plants     8  ft.  to 
Sandstone  laminated  with  shale  lines  and  lumps — thin  coaly 

layers,  Equisetites,  and  other  plants       4 
Sandstone  with  thin  partings,  bands,  and  lumps  of  iron-ore, 

and  plants, — very  variable  in  thickness  and  composition.  20 
Below  is  the  Oolite  with  Cricoporae,  marked  d. 

In  the  cliffs  on  the  north  side  of  the  island  we  have,  wholly  or 

mostly  of  freshwater  or  estuary  origin, — 
Brown  sharp  laminated  sandstone,  with  fine  shale 
Pale  shale   4  ft 
Dark  shale      2  ft 
Soft  pipy  sandstone   2  ft.  6  in 
Pale  pipy  shale    1  ft.  6  in. 
Dark  shale       1  ft.  3  in. 
White  pipy  sandstone       3 
Dark  shale  and  Coal  in  waved  laminae  {Equi- 

setites)        6in. 
Pipy  pale  sandstone     lOin. 
Coaly  shale      6in. 
Laminated  shaly  sandstone  or  sandy  shale      
Pale  lamiuated  sandstone  and  shale     1  ft.  6  in. 
Dark  laminated  shale    1  ft.  3  in. 
Lumpy  white  sandstone     lft.  9  in. 
Pale  shale,  with  very  fine  and  numerous  plants  and 

ironstone  pins, — Anodox       1  ft.  8  in. 
Shale  with  Coal  streaks  (pyritous  layer  at  top) 

  .".    lft.  3in. 
Coal  bed,  crossed  by  "  cleat,"  and  of  marine  or 

1^      mostly  marine  origin       lft. 

*  Such  yellow  lines  are  marked  by  efflorescent  sulphate  of  iron  and  some  free 
sulphur,  derived  from  decomposed  bisulphuret  of  iron. 

} 
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Sandstone  with  partings  of  shale,  the  top  "pipy,"  the     ft.  in. 
bottom  laminated; — Tancre.dia,  Modiola,  &c       4     6 

Soft  clay    6  in.  1      ,     fi 
Pale  shale  with  Brachyphylla  and  other  plants.  1  ft.  J 
Ironstone  in  shale,  with  Trigonia,  Cardinia,  &c,  in 

situ          1     0 
Ironstone  top,  containing  Trigonia,  Pinna,  Gervillia, 

and  Pecten          1     0 
Sandstone  with  ironstone  pins  and  small  shells          2     6 
Grey  sandy  part       1     6 
Nodular  ironstone  in  laminated  shale,  with  Modiola, 

&c.    Here  sulphuret  of  zinc  occurs  in  nodules  and 
in  shells       5     0 

Sandy  bed,  with  ironstones  and  many  shells  of  Pho- 
ladomya  acuticosta,  Lima  gibbosa,  &c       1     0 

Shale  with  Pholadomya,  Ostrea,  Avicula,  Natica,  &c.     1     3 
Skerry  sandstones  and  shale  with  scattered  plants  ; — 

Pholadomya        4     0 
Shales  with  some  ironstone  in  the  lower  part,  scat- 

tered traces  of  plants ; — Pentacrinus     12     0 
Below  is  the  Oolite  d. 

d. — The  oolite  with  its  upper  laminae  of  Cricopora  has  been  esti- 
mated at  1 5  feet.  It  seems  not  necessary  to  enter  into  details  re- 

garding it  at  present.  It  may  be  recognized  at  the  point  north  of 
Cayton  Bay  and  at  Cloughton,  though  the  superincumbent  strata 
are  widely  different  at  these  two  points.  Either  this  or  the  beds 
marked  e  2  appear  in  all  the  region  to  the  north  as  far  as  Whitby,  to 
the  north-west  as  far  as  Ingleby,  and  to  the  west  as  far  as  Thirsk, 
from  whence  it  can  be  traced  to  the  southward. 

c. — The  series  below  these  oolitic  beds  has  been  sufficiently  de- 
tailed in  the  '  Illustrations  of  the  Geology  of  Yorkshire/  It  consists, 

from  Cloughton  northward,  in  the  upper  part,  of  a  thick  series  of  sand- 
stones and  shales ;  the  sandstones  are  regular,  solid,  partially  lami- 
nated, some  containing  jet,  some  waved,  some  containing  branching 

forms  like  fucoids.  The  series  changes  below  to  the  more  usual 
aspect  of  shales  and  sandstones  which  accompany  coal,  several  rich 
plant-layers  occur,  and  at  about  100  feet  deep  in  it  coal  is  observed. 

Thick  sandstones  succeed,  GO  feet. 

A  series  of  sandstones  and  shales,  200  feet.  Vertical  Equisetites 
in  places.     Coal. 

Grit  rocks  and  thin  shales,  with  ironstone  bands  and  Cycadacece, 
60  feet. 

b. — Inferior  oolite. 

This  is  represented  on  the  coast  bv  about  70  feet  of  sandstone — 
of  which 

30  feet  are  fine-grained  yellow,  micaceous,  irony  sandstones,  in 
large  blocks  variously  bedded  and  jointed,  containing  several 
layers  of  pebbles  and  shells ;  the  top  is  very  irony,  but 
without  fossils.  Nerincea,  Actceon,  Trigonia,  Astarte,  and 
many  other  shells. 

20  feet  are  fine-grained  yellow  micaceous  sandstone,  with  nests 
or  irony  masses  of  Serpulce,  Li?igulce,  &c.  (Lingula Beanii) . 
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91 20  feet  are  grey  and  micaceous,  soft  and  argillaceous  sandstone, 
mostly  laminated  and  fissile,  gradually  passing  into  the 
Lias  shale  below.  Irony  nests  of  Serpulce,  Belemnites, 
Aviculce,  Pinnce,  &c.     {Fades  liassic.) 

Lias  shales  below. 

Inland  Section,  Hambleton  Hills. — We  may  now  refer  to  a  corre- 
sponding section  within  the  same  geological  limits,  taken  from  the 

ancient  sea-cliff — now  a  bold  inland  escarpment — of  Hambleton, 
within  a  small  distance  of  Thirsk.  The  total  thickness  of  the  oolitic 

series  above  the  Lias  is  859  feet.#  The  Middle  Oolite  formation 
consists  of 

feet. 
Upper  Calcareous  Grit,  as  in  Wass  Bank       60 
Coralline  Oolite       60 
Lower  Calcareous  Grit      100 

Oxford  Clay          30 
Kelloway  Rock,  including  argillaceous  beds  at  bottom     100  or  120 

Section  No.  3,  PI.  VI.  represents  the  Lower  Oolite  formation  in 
this  district.  The  Cornbrash  is  not  seen  here;  its  place  is  assumed, 

with  great  probability,  at  about  1 20  feet  below  the  top  of  the  Kello- 
way rock. 
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f.  (Cornbrasb,  place  of.) 
Purplish  and  grey  shales,  yielding  springs   
Yellowish  sandstone   
Grey  shales  and  white  sandstone   
Fire-clay.     Plants   
Shales  and  sandstone.     Plants   .<   
Sandstone,  white,  yellow,  fine-grained     
Grey  shales      
Brown  iron-ore  (rich)    
Ferruginous  sandstone,  including  towards  the  base  lenti- 

cular aggregations  of  shells  (Avicula)   
Sandy  laminated  shale,  with  shells  at  bottom      
Rough  nodular  shales,  with  Ostrea  Marshii  at  bottom ... 
Shales      

Solid  gritty  calcareous  beds  ("glance")   
Irony  argillaceous  purple  bed   
Brown  laminated  sands      
Blue  solid  calcareous  bed   
Shale  and  layers  of  Ostrea  crassa      
Shale   
Shale  and  laminated  sandstone      
White  soft  sandstone      

Light-coloured  thin  sandy  laminae    
Carbonaceous  shale  or  fire-clay  (elsewhere  Coal  in  this 

stage)   
White  gritstone   
Yellow  sandstone    

Rough  nodular  calcareous  bed  ("  glance  "),  with  Avicula 
Rubbly  sandstone.    (Nucleolites)   

ft.  in. 

80    0 

2 0 
20 0 
35 0 
15 0 

30 0 
6 0 
4 0 
2 0 
8 0 
0 9 
0 3 
4 0 
3 0 
6 0 
3 0 

32 

0 
3 0 

4 0 40 

0 
25 0 
2 0 18 

0 

*  I  have  had  the  advantage  of  being  accompanied  in  my  late  surveys  of  this 
tract  bv  the  Rev.  C.  Johnstone,  Dr.  Verity,  and  Mr.  C.  Strickland. 
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ft.  in. 

Grey  shale    10  0 
Shale  and  small  pale  ironstone  pins,  with  one  thin  layer 

of  shelly  sandstone       12  0 
Cement  -  stone  —  pale  -  coloured   limestone   in  cuboidal 

blocks.     (Glyphia)          3  0 
Dark  shale,  with  ironstone  balls.     (Pecten)     12  0 
Iron-rock  or  compacted  balls        3  0 
Shale,  yellowish-grey  and  dark       20  0 
Sandstone  (Pearson's  quarry)     12  0 Shales    20  0 
Cement-stone  nodules        1  0 
Pale  clay          1  0 
/  Sandstone,  brown,  yellow,  &c    40  0 
\  The  lower  part  sometimes  very  ferruginous          3  0 
Shale  and  ironstone  balls       3  0 
Ferruginous  and  shelly  oolite,  resting  on  upper  lias       7  0 

The  total  thickness  of  the  Lower  Oolitic  Series  is  thus  found  to  be 
489  ft.  in  this  combination. 

If  we  now  compare  these  sections  measured  on  the  actual  coast 
and  against  the  ancient  sea-cliffs,  we  find  in  regard  to  the  Middle 

Oolite  formation  only  differences  of  thickness  ;  the  Oxford  Clay- 
being  remarkably  thinner  near  Thirsk,  but  the  Kelloway  rock  thicker. 
But  in  all  the  strata  below  the  Cornbrash  the  differences  between 

the  two  sections  are  very  great. 
The  Cornbrash,  as  seen  on  the  Yorkshire  coast,  is  never  above 

5  feet  thick.  It  contains  several  distinguishable  parts — a  thin  part 
at  the  top  rather  laminated,  and  a  part  at  the  bottom,  argillaceous, 
or  actual  clay ;  while  in  the  middle  is  one  thick  mass,  or  two  beds, 
of  shelly  and  somewhat  ferruginous  limestone,  hardly  oolitic.  It 
contains  Nucleolites  orbicularis,  Myacites  securiformis,  Ammonites 
Herveyi,  and  many  other  shells,  but  hardly  a  trace  of  Belemnites. 
Near  Thirsk,  and  for  a  great  breadth  of  the  moorlands  eastward  of 
Hambleton,  I  have  not  clearly  seen  it.  It  is,  however,  conspicuous 
in  Newton  Dale,  and  thicker  than  on  the  coast. 

The  series  of  sandstones  and  shales  between  the  Cornbrash  or 

Kelloway  rocks  and  the  calcareous  beds  which  first  succeed  below, 
yields  on  the  coast  two  bands  of  ironstone,  and  contains  Cycadacece  ; 
and  one  band  (rich  brown  iron-ore)  appears  near  Thirsk. 

The  calcareous  shelly  beds  below,  which  occur  on  the  coast,  and 
seem  to  lie  in  the  place  of  the  Forest  Marble  group  of  the  south  of 
England,  appear  under  Hambleton  at  the  base  of  the  carbonaceous 
sandstone,  and  may  perhaps  be  regarded  as  including  the  shelly 
nests  in  the  lower  part  of  the  sandstone.  A  bed  of  Ostrea  Marshii 
occurs  in  both  situations,  near  the  middle  part  of  the  shelly  series  ; 
a  bed  of  Ostrea  crassa  lies  towards  the  lower  part  at  Hambleton  ; 
but  Belemnites  and  Terebratulce  have  not  been  seen  there,  as  at 
Gristhorp  and  Cloughton. 

Below  this  point  there  is  great  difficulty  in  tracing  lines  of  con- 
temporaneity across  the  district  from  the  coast  to  the  inland  cliff. 

If  we  suppose,  in  conformity  with  many  observations,  the  Gristhorp 
plant-bearing  series  to  be  merely  a  local  deposit,  not  seen  at  any 



1857.]  PHILLIPS   OOLITE  AND  LIAS,  YORKSHIRE.  93 

point  north  of  Haiburn  Wyke,  nor  in  Staintondale  Cliff,  the  grit, 
shale,  and  coal  of  Hambleton,  164  feet  thick,  will  be  below  the 
whole  of  the  Bath  Oolite,  and  correspond  to  the  Haiburn  coal 
series. 

What  in  this  case  is  the  rough  nodular  "glance"  oolite  (2  feet) 
with  Avicula,  resting  onrubbly  sandstone,  with  Nucleolites,  18  feet  ? 
Is  it  of  the  date  of  Stonesfield  slate  ? 

The  Cricopora-beds  of  Gristhorp,  below  the  coal  series  there, 
lose  their  distinctness  in  going  northward  and  westward,  so  that 
they  become  untraceable  ;  on  the  other  hand,  we  find  the  Belem- 
nitic  beds  to  fail  entirely  toward  the  southward  and  westward. 
On  a  line  which  runs  north  and  south  between  the  coast  and  the 

Hambleton  Cliff,  and  which  thus  partakes  of  both  these  negative 
geographical  influences,  neither  of  them  is  yet  certainly  known, 
though  we  may  expect  to  find  the  upper  set  of  beds  ;  nor  have  we 
on  that  line  any  trace  of  the  Gristhorp  plants.  The  rough  nodular 

"  glance  "  bed  is  recognized,  as  I  think,  on  the  line  of  the  Whitby 
railway,  about  100  feet  below  the  shelly  beds  of  the  Bath  Oolite. 

Still  less  obvious  are  the  lines  of  contemporaneity  lower  down  in 
the  thick  series  above  the  Inferior  Oolite,  when  comnared  on  the 
two  parallels  from  north  to  south.  On  the  coast  are  sandstones  and 
shales,  with  zones  of  plants,  but  no  calcareous  bands,  and  no  remark- 

able ironstone ;  under  Hambleton,  with  a  smaller  thickness  of  are- 
naceous and  argillaceous  sediments,  we  have  one  or  even  two  groups 

of  white  cement-nodules  (compact  argillaceous  limestone),  one  con- 
taining Glyphice,  a  group  of  valuable  ironstone-nodules,  and  even 

a  3-foot  band  of  ironstone.  These  deposits  are  only  seen  in  the 
western  range  of  the  Oolites. 

The  lowest  part  of  the  Bath  Oolite  formation  on  the  Yorkshire 

coast  consists  of  the  ferruginous  "dogger,"  with  two  bands  of  shells 
at  the  Peak  ;  under  it  is  a  group  of  grey,  micaceous,  soft,  sandy  rocks, 

apparently  the  "  Gold  Cap  Sandstone "  of  Lyme  Regis,  "  Sand 
of  the  Inferior  Oolite  "  of  Bath,  and  of  the  Cliff-hill  of  Lincolnshire. 
Under  Hambleton  these  are  represented  by  ferruginous  oolites,  con- 

taining Ammonites,  Hyboclypeus,  Trigonia,  &c. ;  but  this  character 
of  the  rock,  by  which  it  approximates  to  the  lower  part  of  the  sec- 

tions of  Inferior  Oolite  in  Gloucestershire,  ceases  as  we  proceed 
northward,  and  is  modified  as  we  proceed  southward. 

On  a  line  drawn  from  north  to  south  between  the  coast  and  the 

Hambleton,  we  find  the  oolitic  band  at  the  top  of  the  Lias  very 
rich  in  iron.  In  a  part  of  Rosedale,  especially,  it  is  an  oolitic  iron- 
rock,  the  central  part  of  a  great  mass  on  one  side  of  the  valley  being 
very  attractable  by  the  magnet,  and  yields,  at  a  maximum,  about 
50  per  cent,  of  iron. 

Other  Inland  Sections. — We  may  now  proceed  to  trace  briefly  the 
variations  which  take  place  in  proceeding  southward  from  the  country 
of  Thirsk  toward  the  Humber  and  Lincolnshire,  where  something 
nearer  the  normal  type  of  the  Bath  Oolites  is  recognized. 

Kilburn. — In  the  vicinity  of  Hood  Grange,  Hoodhill,  and  Kilburn, 
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the  oolitic  limestone  (d)  is  frequently  quarried;  and  below  it,  especially 
on  the  southern  slope  of  Rowlston  Scar,  coal  has  been  obtained 
within  the  memory  of  man  only  a  few  feet  below  the  oolite. 

About  Carlton,  Coxwold,  Newborough  Park,  and  Owlton,  the  lime- 
stone is  frequently  exposed  and  dug  in  quarries ;  and  here  also  coal 

has  been  found  below  it.  At  Newborough  Park  it  was  about 
50  feet  below  the  oolite,  which  is  dug  and  burnt  to  lime. 

Brandsby. — Proceeding  southward  from  the  country  of  Thirsk 
to  the  parallel  of  Easingwold,  in  the  Howardian  Hills,  about 

Brandsby  and  Gilling,  we  find  the  remains  of  old  coal-works,  ranges 
of  limestone,  and  quarries  of  roadstone,  presenting  on  the  whole  the 

following  section : — 

Sandy  series,  yellowish   ->  ft.  in. 
Roadstone,  2  or  3,  or  4  or  5  feet;  laminated  sandy  glance-lime-  } 

stone,  often  full  of  shells,  often  in  broad  flat  nodules,  lying  ̂   50     0 
in  soft  yellowish  sand       | 

Springy  sandy  clay  below   J 
Sandy  series       I 
Soft  shelly  sandstone  (at  Brandsby)        I  30     0 
Sandy  series      J 
Hard  laminated  sandy  glance-limestone     4     6 
Pale  clay    1     3 
Ironstone       0     2 
Pale  clay    3     0 
Solid  limestone  beds,  2  ft.  6  in.  each    |  Q  ,.  , 

Springs  and  clay  below   J  y  "'  or  Iess< 
Shale  and  carbonaceous  grits.     Signs  of  Coal     50     0 

On  Gilling  Moor  a  section  is  reported  by  Mr.  Winch,  *  Geological 

Transactions,'  First  Series,  vol.  v.  p.  54; 5,  &c,  to  the  depth  of  1/9  ft. 
6  in.,  commencing  with —  ft  in 

Limestone       9  0 
Grits  and  plates    27  0 
Hard  blue  "  Calliard  "       2  0 
Coal  (a  trace). 
Plate  and  soft  grit    30  0 
Blue  limestone       4  0 

Grits 'and  plates    99  0 
Coal    0  6 
Shale      2  0 

At  no  point  further  to  the  south-eastward  has  the  coal-seam  been 
found  worthy  of  opening, — it  has  indeed  scarcely  been  traced  ;  but  the 
oolitic  limestone,  a  few  yards  or  fathoms  below  which  it  lies,  conti- 

nues distinct,  and  is  quarried  almost  in  a  connected  line,  by  Col- 
ton,  Dawby,  and  Terrington,  to  Bulmer  and  Crambe.  The  road- 

stone is  found  above  it  distinctly  only  a  short  distance,  and  can 
scarcely  be  identified  beyond  Terrington  and  Wiganthorpe.  At 
Welburn,  Bulmer,  and  Crambe,  white  cement-stones  occur  below  the 
Oolite,  as  near  Thirsk ;  and  below  these  are  oolitic  ironstone  and 

ferruginous  sands,  corresponding  to  the  Dogger-series  of  Thirsk  and 
the  coast ;  but  the  strong  white  gritstones  and  most  of  the  shales 
which  lie  between  the  Oolite  and  the  Lias  about  Brandsby,  Kilburn, 
and  Boltby  are  almost  absent  from  the  banks  of  the  Derwent. 

Crossing  the  Derwent,  we  trace   in  like  manner  the  Oolite  by 
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Westow  to  its  disappearance  (through  unconformity)  below  the  chalk 
at  Kirby-under-dale.  The  rock  emerges  again  from  its  cretaceous 
covering  at  Sancton,  near  Market  Wrighton,  and  is  traced  to  Brough- 
on-Humber,  where  it  is  quarried  above  grey  partly  micaceous  sand 
and  sandstone,  and  is  evidently  equivalent  to  the  Oolite  of  Lincoln- 

shire, which  appears  on  the  opposite  shore  of  the  Humber,  and  rests 
on  sands,  grey,  red,  brown  or  white,  as  these  do  on  the  Upper  Lias. 

The  only  example  which  I  propose  now  to  present  of  the  Lincoln- 
shire sections  is  that  of  Harpswell  Hill,  north  of  Lincoln,  which  was 

traced  by  myself  in  1821,  from  the  actual  road-cutting*.  The 
series  begins  with — 

r White  oolitic  limestone       30feet. 
Pale  clay  and  sand       12 
White  sand    .,       3 
Sandy  with  iron-balls      10 

S  White  micaceous  sand    3 
Brown  sand     4 
Clay  parting   
Brown  sandstones  and  shells     40 
Blue  Lias   clays,  succeeded  by  marlstone   and 

lower  lias   exposed  20 

Above  the  white  oolite  are  clays  and  thin  stony  beds  of  the  Forest 
Marble  series  and  Cornbrash.  These  have  been  fully  illustrated  in 
South  Lincolnshire  by  Prof.  Morris f,  and  are  found  again  with 
similar  characters  at  many  localities  in  Oxfordshire.  This  white 
oolite  is  perhaps  generally  admitted  to  be  the  Great  Oolite  of  Bath, — 
a  point  on  which  I  reserve  my  opinion  ;  it  is  certainly  represented 
in  Yorkshire  by  that  of  Cave,  Westow,  and  Crambe. 

The  Lias  Formation. — The  Lias  varies  not  so  much  as  the  Oolites 
in  a  given  geographical  area,  because  for  the  most  part  its  materials 
were  accumulated  from  long  and  widely  suspended  fine  argillaceous 
sediment.  The  main  differences  observable  in  Yorkshire  relate  to 

the  upper  part  of  this  great  series,  and  may  be  sufficiently  illustrated 
by  three  actual  sections,  representing  the  succession  of  beds  seen  in 
the  cliffs  about  Whitby, — measured  in  the  works  at  Eston  Nab, — 
and  explored  in  a  boring  at  Feliskirk,  near  Thirsk. 

The  Lias  of  the  Yorkshire  coast  is  exhibited  in  a  complete  and 
magnificent  section  through  all  the  upper  and  middle  parts  of  the 
lower  groups  for  above  500  feet  in  thickness  ;  about  300  feet  of  beds 
still  lower  being  imperfectly  traced  in  the  interior.  In  general  terms 

the  series^  stands  thus  (see  Section  No.  4,  PI.  VI.)  : — 

f~  Alum-shale  (80-)- feet),  including  cement-nodules  and ,,         , .  ironstone-nodules.     In  the  upper  parts,  gradually 
v?   ,         J       diminishing  downwards,  are  Discina  reflexa,  Nu- 
900  f    t       i       cu^a  ovum>  Ammonites  bifrons,  A.  heterophyllus, and  Belemnites  tubularis.     Abundance  of  Enalio- 

saurians. 

*  See  Memoirs  of  W.  Smith,  p.  97. 
t  Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  317. 
X  See  Illustr.  of  Geol.  of  Yorkshire.  Also  a  section  of  the  Upper  Lias  and 

Marlstone,  communicated  to  the  Geological  Society,  by  Mr.  L.  Hutton,  25tb 
Mav,  1836  ;  Geol.  Proc  vol.  ii.  p.  41.  This  is  an  elaborate  series  of  the  Lias  in 
Rockcliff. 
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feet. 
Upper  Lias  f  Shale  with  nodules    60  to  80 

Shales,     -l  Jet-rock — shale  with  jet  and  pyrites       20 
200  feet.    [  Hard  sandy  shale   20  to  40 

"■  Ironstone-band,  or  ironstone  -  rock,  with   irregular 
Ironstone  partings  of  shale.    (Avicula  cygnipes,  Pecten  eequi- 
and  valvis)       15  to  25 

Marlstone  <    Shales  and  ironstone-bands   50  to  70 
Series,  Sandstone  and  shale,  with  Ophiuridce,  Cardium  trun- 

150  feet.  catum,  and  many  other  fossils     40 
.  Sandstone  and  shale     30 

Lower  Lias  Shale  below. 

The  details  of  the  great  ironstone-bands  above  the  marlstone 
appear  in  the  following  section,  measured  from  the  workings  at 

Eston  Nab*,  and  communicated  to  me  by  Mr.  John  Murley,  C.E. 
These  beds  yield  about  50,000  tons  to  the  acre. 

ft.  in.      ft.  in.       ft.  in. 

Ironstone:  top  block  left  as  roof      0  11  ̂  
(parting)  i 

Ironstone:  second  block    2  3 

(parting)  Vl7     0 
Ironstone:  main  block       12  0   j 

(parting) 
Ironstone:  bottom  block  (variable)       1  10  J 
Shale    7  0] 
Ironstone-band    1  8  I.,     fi 

Shale    6  0(10     ° Ironstone-band.    0  10  J 

At  Grosmont,  near  Whitby,  the  same  series  stands  in  this  altered 
and  divided  state,  with  about  8  feet  of  ironstone,  yielding  about 
20,000  tons  to  the  acre. 

ft.  in. 
Shale    

Ironstone,  " Pecten-se&m "  in  two  bands,  separated  by 1  ft.  6  in.  of  shale        4     0 
Shale        4     0 
Ironstone :  good          1     0 
Shale        7     0 
Ironstone :  good          1     6 
Shale     18     0 

Ironstone:  "  dvicida-seam"       4     0 

>32     6 

38     6 

At  Feliskirk,  in  the  vicinity  of  Thirsk,  a  trial- bore  was  made,  by 
my  advice,  through  the  upper  lias,  to  the  ironstone  and  marlstone, 
with  the  following  result.  The  upper  bed  mentioned  is  the  In- 

ferior Oolite  capping  the  Lias,  as  at  Thirsk,  here  verv  ferruginous 
(see  Section  No.  5,  PI.  VI.):  — 

ft.  in. 
The  oolitic  iron-rock  of  Mount  St.  John       6  to       7     0 
Shale,  in  the  upper  part  cement  stones    116     0 

*  An  analysis  of  the  Cleveland  iron-ore  from  Eston  is  given  in  Mr.  Dick's  paper, 
Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  357.  See  also  Mr.  Crowder's  papers,  Edinb. 
New  Phil.  Journ.  New  Ser.  vol.  iii.  p.  286,  and  vol.  iv.  p.  49. 
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ft.  in. 
Upper  nodular  band  of  ironstone    0  7 
Shale    3  0 
Lower  nodular  band  of  ironstone       0  6 
Shale    7  6 
Marlstone    1  9 
Sandy  shale    20  0 

Farther  to  the  south  this  poor  representation  of  the  great  Iron- 
stone and  Marlstone  series  of  the  Yorkshire  coast  is  traceable ;  until 

in  Lincolnshire,  Rutland,  and  Northamptonshire  it  resumes  much  of 
its  thickness  and  importance,  though  not  as  yet  its  commercial 
value. 

Conclusion. — On  reviewing  the  facts  here  selected  to  illustrate  and 
exemplify  the  variations  of  the  middle  and  lower  Oolites,  and  upper 
and  middle  portions  of  the  Lias  of  Yorkshire,  we  find  sufficient 
grounds  to  mark  out  approximately  the  geographical  ranges  of  some 
remarkable  mineral  conditions — and  accumulations  of  organic  re- 

mains,— indicative  of  peculiarities  in  the  depth  and  currents  of  the 
sea,  the  direction  and  proximity  of  land,  and  other  great  charac- 

teristics of  the  mesozoic  period  in  this  part  of  the  earth's  surface. 
Reserving  for  another  communication  the  development  of  this 

subject,  which  cannot  be  properly  examined  without  additional  de- 
tails, I  desire  to  call  attention  in  the  mean  time  to  a  few  prominent 

data.     (See  Section  No.  6,  PI.  VI.) 
The  whole  series  of  strata  from  the  Cornbrash  to  the  Marlstone, 

inclusive,  grows  thinner  towards  the  south,  and  in  a  less  degree 
towards  the  west ;  so  that  from  the  sea-coast  near  Whitby  to  the 
hills  near  Tbirsk  the  thickness  decreases  from  1000  to  590  feet. 

This  appears  in  each  of  the  main  groups.  Near  Whitby  and  Guis- 
borough  the  marlstone  and  ironstone  occupy  150  feet  of  the  cliffs  ; 
but  near  Thirsk  only  a  few  feet.  The  Upper  Lias  measures  200  feet 
near  Whitby,  but  near  Thirsk  less  than  120  feet;  and  in  this 

general  diminution  each  part  partakes, — though  perhaps  the  upper 
part,  which  is  the  favourite  seat  of  Nucula  ovum  and  Ammonites 
bifrons,  has  been  most  severely  truncated. 

The  great  series  of  sandstones,  shales,  coal-plants,  and  ironstones, 
lying  above  the  Lias  and  below  the  Oolite  of  Gristhorp,  500  feet 
thick  in  the  Peak  and  the  grand  range  of  cliffs  at  Staintondale,  is 
only  270  feet  thick  near  Thirsk,  and  is  further  reduced  near  Brands- 
by,  until  on  the  banks  of  the  Derwent  it  is  scarcely  traceable.  The 
upper  carbonaceous  series  of  the  coast  is  of  nearly  the  same  thick- 

ness at  Thirsk,  on  a  line  from  east  to  west ;  but  the  Oxford  Clay 
diminishes  from  above  100  to  less  than  30  feet. 

Lines  may  be  drawn  in  directions  not  deviating  much  from  E.N.E. 
to  W.S.W.  which  shall  coincide  with  bands  of  equal  deposition,  or 
equal  disappearance,  of  particular  mineral  sediments,  and  particular 

distributions  of  organic  life.  For  these  lines — as  defining  equality  of 
earthy  sediments, — and  thus  sometimes  marking  out  similarity  of 
sea-depth  and  current-action — the  author  proposes  the  term  "  iso- 

chthonal,"  and  is  of  opinion  that  the  tracing  of  them  will  hereafter 
VOL.  XIV.   PART  I.  H 
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tend  much  to  increase  our  knowledge  of  the  physical  conditions  of 
definite  epochs  in  geology.  In  the  present  case  the  normal  to  these 
lines,  directed  to  the  N.N.W.,  appears  to  the  author  to  indicate  the 
existence  of  land  in  that  quarter  during  the  whole  of  the  period  now 
under  consideration,  — land  at  no  great  distance,  because  of  the  pro- 

portion of  many  of  the  plants, — the  occurrence  of  Anodon  and  other 

inhabitants  of  fresh  or  brackish  water, — and  the  occasional"  vertical 
position  of  Equisetites.  These  latter  facts,  indeed,  may  require  the 
admission  of  the  presence  of  low  marshy  land  within  the  area  in  ques- 

tion ;  but  the  author  is  more  impressed  by  the  probability  of  high 
and  extensive  land,  which  might  yield  to  rivers,  of  some  magnitude, 
the  enormous  mass  of  quartz-sand  and  mixed  ferruginous  sediments 
which  abound  between  the  truly  marine  limestones  and  subcalcareous 
shelly  bands.  It  seems  necessary  to  suppose  some  old  palaeozoic 
land  towards  the  north,  not  eminently  granitic,  but  rather  of  the 
argillaceous,  arenaceous,  and  quartzose  type,  with  intermixed  trap- 
rocks,  such  as  the  Lammermuir  Range,  which  is  now  so  abruptly 
truncated  on  its  eastern  side. 

If  an  isochthonal  line  be  drawn  from  near  Thirsk  to  Robin  Hood's 
Bay,  it  will  be  found  that  on  the  north-western  side  the  ironstone 
band  at  the  base  of  the  Upper  Lias  is  valuable  for  working — its 
value  growing  greater  to  the  north-west. 

Nearly  on  this  line  the  Inferior  Oolite  receives  its  maximum  dose 
of  iron,  growing  more  and  more  sandy  to  the  north-west,  and  losing 
its  thickness  and  character  to  the  south-east. 

If  a  line  be  drawn  from  near  Coxwold  to  Scarborough,  parallel  to 
the  preceding,  it  will  nearly  coincide  with  the  north-western  limit  of 
really  oolitic  character  in  the  calcareous  beds  of  Westow  and  Gris- 
thorp,  and  with  the  south-eastern  limit  of  the  coal  and  freshwater 
deposits  of  the  district.  For  a  limited  breadth  north-west  of  this 
line,  Belemnites  Aalensis  is  found  in  the  upper  calcareous  beds  of  the 

Gristhorp  series — a  position  much  above  what  is  usual  for  this  shell, 
— and  it  is  associated  at  White  Nab  with  Ammonites  Blagdeni, 
equally  a  species  more  common  in  the  Inferior  Oolite  of  the  South 
of  England. 

The  further  development  of  this  subject,  the  physical  condition 
and  depth  of  the  sea-bed,  the  alternate  influence  of  sea-  and  fresh- 

water in  the  same  basin,  and  the  relation  of  these  rocks  to  those  in 
Lincolnshire  and  Oxfordshire,  must  be  left  for  another  communi- 
cation. 

2.  On  the  Oolite  Rocks  of  Gloucestershire  and  North 
Wilts.  By  James  Buckman,  F.G.S.,  F.L.S.,  F.S.A.,  Professor 
of  Natural  History,  Royal  Agricultural  College,  Cirencester. 

[Plate  VII.] 

Prefatory  Remarks.  —  The  object  of  the  present  paper  is  to 
point  out  the  general  geological  characteristics  of  the  different  mem- 

bers of  the  Oolite  rocks,   as  they  occur  in  the  Cotteswold  Hills, 
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and  as  regards  the  extension  of  the  higher  beds  into  parts  of  North 
Wilts. 

This  will  be  done  mainly  with  the  assistance  of  two  surveyed  sec- 
tions which  were  made  purposely  for  this  paper  ;  one  extending  from 

the  Vale  of  Gloucester  through  the  bold  Cotteswold  scarp  at  Birdlip 
to  the  Chalk  Hills  in  Wiltshire,  in  nearly  a  straight  line  from  the  N.E. 
to  the  S.W.,  to  which  is  added  a  deviation  to  Swindon  (PL  VII.) ; 
the  other  from  Cirencester,  over  the  Oolitic  wolds,  and  on  through 
the  Vale  of  Moreton  to  Shipton-on-Stour,  in  a  direction  nearly  north 
and  south. 

These  lines  have  been  taken  along  the  two  principal  Roman  roads 
which  run  through  Cirencester ;  their  general  straight  direction,  and 
the  many  quarries  and  openings  in  and  about  their  fossae,  rendering 
them  very  suitable  for  the  purpose. 

It  may  here  not  be  out  of  place  to  state  how  these  sections  have 
been  taken,  as  they  are  the  result  of  much  interesting  labour,  cheer- 

fully joined  in  by  a  numerous  party.  The  engineering  portion  was 
accomplished  by  Professor  Armstrong,  C.E.,  of  the  Royal  Agricul- 

tural College,  assisted  by  several  of  his  pupils.  By  this  staff  of 
engineers  the  levels  were  surveyed,  and  wells,  ponds, — whether  na- 

tural or  artificial, — quarries,  and  other  physical  features,  were  care- 
fully noted  in  their  progress,  so  as  to  assist  in  the  subsequent  plotting, 

and  to  guide  in  determining  geological  lines. 
The  geology  of  these  sections  has  been  laid  down  in  journeys 

taken  along  the  two  lines,  in  company  with  a  large  party  of  my 
own  class,  for  whom,  and  for  all  engaged,  it  has  formed  a  labour  of 
love,  which  has  rendered  Easter  and  other  holidays  periods  of  recrea- 

tion, notwithstanding  the  amount  of  work  therein  accomplished. 
The  minor  illustrative  details  I  have  collected  during  a  period  of 

many  years'  residence  and  constant  work  among  my  native  hills. 
For  the  occasional  theoretical  deductions  I  throw  myself  on  the  in- 

dulgent consideration  of  the  Society. 
Before  commencing  with  the  more  immediate  subject  of  this  paper, 

it  may  be  proper  to  say  a  few  words  of  the  many  workers  in  this 
district,  as  their  names  will  show  the  interest  which  geologists  have 
for  a  long  time  taken  in  that  central  chain  of  hills  known  as  the 
Cotteswolds. 

To  Smith  and  Lonsdale  we  are  indebted  for  the  first  stratigraphi- 
cal  details  of  the  different  members  of  the  Oolites  ;  and  the  paper  of 

the  latter  in  the  Society's  Transactions*  may  be  considered  as  a  model 
of  industry  and  accuracy,  as  the  lines  therein  laid  down  have  been 
but  little  interfered  with  by  subsequent  explorers. 

The  '  Geology  of  Cheltenham,'  by  Sir  R.  Murchison,  contri- 
buted largely  to  the  elucidation  of  the  Liassic  and  Oolitic  rocks  of 

the  Cotteswolds  ;  whilst  the  publication  of  Morris  and  Lycett's 
c  Monograph  of  the  Fossils  of  the  Great  Oolite,'  by  the  Palseonto- 
graphical  Society,  has  made  us  acquainted  with  a  most  interesting 
fauna,  which  has  been  largely  added  to  by  several  members  of  the 

*  Second  Series,  vol.  iii.  p.  341  ;  see  also  Proc.  Geol.  Soc.  vol.  i.  pp.98,  111. 
h  2 
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Cotteswold  Naturalists'  Club*,  foremost  amongst  which  the  papers 
of  Strickland,  Brodie,  and  Woodward  may  be  mentioned. 

Even  while  the  notes  for  this  paper  were  being  collected,  Mr.  Hull, 
of  the  Geological  Survey,  has  read  a  paper  before  our  Society,  has 
completed  the  map  of  a  great  part  of  the  Cotteswolds,  and  published 

a  '  Memoir  of  the  Geology  of  the  Country  around  Cheltenham,  illus- 
trating sheet  44  of  the  Geological  Survey' :  all  these  reflect  the 

highest  credit  on  their  author. 
Thus,  these  rocks  especially,  up  to  the  Great  Oolite  inclusive,  may 

be  considered  as  having  had  no  small  share  of  attention  bestowed 
upon  them  by  different  observers  :  not  so,  however,  the  beds  above 
the  Great  Oolite ;  as  the  details  of  these,  in  so  far  as  the  counties  of 

Gloucester  and  North  Wilts  are  concerned,  have  been  but  very  par- 
tially worked  out ;  and,  indeed,  the  existence  of  the  Oxford  Clay  in 

the  Cirencester  district  was  a  matter  not  understood  until  lately. 

Here,  then,  it  will  not  be  out  of  place,  if  these  Upper  Oolite  mem- 
bers should  receive  a  large  share  of  attention. 

The  Oolitic  rocks  which  we  shall  have  to  review  may  be  thus 
tabulated  in  descending  order  : — 

13.  Portland  Oolite .     Portlandia a     .     .     Pervious  to  water. 

12.  Kimmeridge  Clay  . 
11.  Coral  Rag     .     .     . 
10.  Oxford  Clay      .     . 
9.  Kelloway  Rock 

Ox
fo
rd
ia
n.
 

.     .     Impervious. 

.     .     Pervious. 

.     .     Impervious. 

.     .     Impervious  partially 

8.  Cornbrash     .     .     . 
7.  Forest  Marble   .     . 
6.  Bradford  Clay  .     . 
5.  Great  Oolite.     .     . 
4.  Stonesfield  Slate 

3.  Fuller's  Earth    .     . J 

to 1 
'         1         ̂  1 

3 

.     .     Pervious. 

.     .     Impervious. 

.     .     Impervious  partially 

.     .     Pervious. 

.     .     Pervious. 

.     .     Impervious. 

These  rocks  are  all  conformable,  have  a  general  dip  from  the 
N.W.  to  the  S.E.,  and  have  a  very  general  evenness  of  stratification. 
This,  however,  is  not  a  little  interfered  with  by  a  series  of  downcast 
faults  :  these,  and  the  alternations  of  pervious  and  impervious  strata, 
have  given  rise  to  a  very  undulating  country,  the  long  axes  of  the 
valleys  being  for  the  most  part  in  the  line  of  dip,  whilst  a  traverse  in 
the  line  of  strike  offers  a  constant  succession  of  hill  and  vale. 

At  the  North  Cotteswolds  the  elevation  of  the  hills  is  more  than 

1 000  feet ;  and  here  they  offer  bold  scarps,  overlooking  the  Vale  of 
Gloucester  ;  the  scarps,  headlands,  and  gorges  in  the  hill-sides  having 
been  formed  by  the  water-action  of  the  old  Severn  sea.  As  these 
facts,  however,  relate  to  the  physical  geology  of  the  district,  I  pro- 

pose, in  the  first  place,  to  give  a  description  of  the  different  deposits 
of  the  Oolites,  and  then,  in  a  future  paper,  to  attempt  a  description 

of  the  subsequent  physical  changes, — concluding  with  a  detailed  and 
comparative  list  of  the  fossil  contents  of  the  different  strata. 

See  Proceedings  of  the  Cotteswold  Nat.  Club,  1848-53. 
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2.  Inferior  Oolite. 

Basement-bed. — The  line  of  separation  of  the  Lias  and  the  Oolites 
along  the  whole  of  the  Cotteswolds  has  always  appeared  so  well 
marked,  both  from  structure  and  fossils,  that  until  lately  no  prac- 

tical geologist  has  had  the  least  difficulty  in  the  matter ;  recently, 
however,  from  some  papers  by  Dr.  Wright,  we  notice  an  attempt  to 
disturb  the  classification  of  the  Upper  Lias  and  Lower  Oolitic  beds, 
respectively,  as  laid  down  by  previous  observers ;  this  writer  con- 

tending that  the  so-called  Oolitic  Sands  and  a  few  feet  of  compact 
stone,  very  oolitic  in  structure,  should  be  placed  with  the  Upper 
Lias.  Here,  then,  at  the  very  outset  of  a  description  of  the  Oolitic 
rocks  I  find  myself  obliged  to  do  battle  for  an  important  portion  of 
territory,  which  is  attempted  to  be  added  to  the  Lias  upon  grounds 
which,  if  admitted,  I  conceive  can  only  end  in  merging  the  whole  of 
the  Oolites  into  a  Liassic  series. 

Without  following  Dr.  Wright  through  his  elaborate  paper* — 
which  I  cannot  help  considering  as  a  clever  example  of  special  plead- 

ing,— I  shall  endeavour  shortly  to  review  the  case  as  it  stands. 

When,  in  1834,  Sir  R.  Murchison  penned  his  *  Outlines  of  the 
Geology  of  the  Neighbourhood  of  Cheltenham/  he  for  the  first 
time  divided  our  inferior  Oolitic  rocks  into  distinct  beds ;  and  in  the 
second  edition  of  that  work,  which  I  had  the  pleasure  of  editing, 
this  classification  was  only  altered  by  way  of  a  still  greater  division 
of  the  beds. 

It  now,  however,  becomes  evident  that  the  descriptions  adopted 
in  this  work,  taken,  as  they  were,  from  the  immediate  neighbourhood 
of  Cheltenham,  such  as  Cleeve  and  Leckhampton  Hills,  are  only 

locally  correct,  and  more  particularly  as  regards  the  basement-bed 
of  the  Inferior  Oolite. 

In  the  work  mentioned  we  find  the  following  remarks  : — "  The 
lowest  member  of  the  Inferior  Oolite  has  a  remarkable  mineral 

aspect ;  it  is  of  a  rusty  brown  colour,  and  is  in  great  part  made  up 
of  small  flat  concretions  from  a  quarter  to  half  an  inch  in  diameter. 

It  is  called  'pea-grit'  by  the  country  people."  And  further  on  : — 
"Coralline  bodies  are  spread  over 'the  iron-shot  faces  of  the  beds 
below  Cleeve  Clouds."  Now  this  description  of  the  basement-bed 
of  the  Inferior  Oolite  defines  it  with  tolerable  accuracy  for  the  district 
referred  to,  as  at  Leckhampton  the  ferruginous  more  or  less  pisolitic 
beds  rest  immediately  on  the  stiff  blue  micaceous  bands  of  the  Upper 
Lias.     The  following  is  the  section  : — ft.    in. 

5.  Shelly  Freestone  (Brodie)          •  •  1       in     n 

4.  True  Pisolite   /       1U     U 
3.  Coarse-grained  Oolite,  more  or  less  pisolitic             13     0 
2.  Foxy-coloured  ferruginous  Oolite,  seldom  pisolitic     20     0 
1.  Upper  Lias  shale. 

The  late  Hugh  Strickland,  in  the  *  Geological  Journal,'  vol.  vi. 
p.  242,  gives  a  complete  section  of  the  Inferior  Oolite  ©f  Leckhamp- 

*  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  292,  &c. 
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ton,  which  he  most  carefully  measured ;  and  in  this  he  describes 

"  Pisolite  (Pea-grit)  and  Ferruginous  Oolite  (Belemnite-bed)  and 
sand"  (just  including  2,  3,  and  4  of  the  above  section)  as  42  feet 
in  thickness ;  and  upon  this  he  offers  the  following  remarks  :  —  It 

consists  of  a  "  coarse  oolite  in  the  upper  part,  and  of  the  very  peculiar 
large-grained  Oolite  or  Pisolite  {Pea-grit)  in  the  lower.  A  few 
miles  to  the  south  the  pisolite  disappears,  and  is  replaced  near  Pains- 
wick  and  at  Haresfield  Hill  by  strata  containing  oolitic  grains  in  a 
brown  paste.  This  is  the  precise  equivalent  of  the  well-known 
oolite  of  Dundry,  near  Bristol,  which  may  be  recognized  as  far  off 
as  Bridport,  on  the  Dorset  coast.  At  Leckhampton  the  pisolite 
rests  on  a  few  feet  of  ferruginous  oolite  and  sand.  The  total  thick- 

ness of  this  portion  of  the  series  is  42  feet*."  These  views  are 
also  stated  in  a  paper  by  my  friend  the  Rev.  P.  B.  Brodie,  to  which, 

indeed,  Mr.  Strickland's  section  was  an  appendix. 
Recently,  more  extended  observations  in  the  South  Cotteswolds, 

as  in  the  Stroud  district,  have  shown  that  between  the  tenacious 

Upper  Lias  Shales  and  the  beds  of  true  Oolitic  structure,  we  have  a 
variable  thickness  of  from  50  to  70  feet  of  an  incoherent  sandy  rock, 
with  occasional  bands  and  nodules  of  a  bastard  freestone  intersecting 
it ;  and  this  bed  has  by  the  Government  Surveyors  been  distinctly 

mapped  as  "  Oolite  Sands."  Lately,  however,  Dr.  Wright  pro- 
poses to  add  not  only  these  sand-beds,  but  a  true  oolitic,  and  occa- 

sionally pisolitic,  rock  above  this,  to  the  Upper  Lias ;  a  view  which 
he  attempts  to  substantiate  mainly  by  appealing  to  certain  species  of 
Cephalopoda  occurring  in  the  bed  above  the  sand  at  Frocester  Hill, 
which,  as  some  of  them  are  undoubtedly  Liassic,  he  would  designate 

as  witnesses  of  character*)*,  and  would  tell  us  that  the  evidence 
derivable  from  the  presence  of  a  multitude  of  Oolitic  mollusca  with 
which  the  Ammonites  are  mixed — in  a  rock,  too,  of  oolitic  structure 
— is  of  no  value  whatsoever.  I  here  give  an  analysis  of  the  fossils 
obtained  from  Frocester  Hill,  founded  upon  a  list  for  which  I  am 
indebted  to  the  kindness  of  my  friend  Mr.  John  Lycett ;  many  of 
these  fossils  have  also  been  found  by  myself  and  others ;  and  the 
results  are  confirmed  by  my  own  observation  of  this  newly-named 
Cephalopoda-bed  of  the  so-called  Upper  Lias  :  — 

Analysis  of  the  fauna  from  the  Basement  Oolite  of  Frocester  Hill : 
Species.  Common  to  the  Lias. 

1.  Ammonitidse            15  ...  5 
2.  Belemnitidae             3  . .  3 

3.  Gasteropoda               1  . .  0 
4.  Lamellibranchiata %    ....      21  ..  0 
5.  Brachiopoda  %          3  ..  3 

Total        43  ..  11 

*  Quart.  Joum.  Geol.  Soc.  vol.  vi.  pp.  250,  251. 
t  1  would  here  suggest  that  the  Cephalopoda,  heing  inhahitants  of  deep  seas, 

and  possessed  of  such  wonderful  powers  of  locomotion,  are  much  weaker  as  wit- 
nesses than  the  non-nomadic  Lamellihranchiata. 

X  Many  of  these  extend  high  up  in  the  Oolites :  prohably  a  few  go  throughout 
the  Oolite-beds. 
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Here,  then,  we  have  a  total  of  43  species,  only  1 1  of  which  are 
truly  liassic.  It  should  here  be  remarked  that  this  list  does  not 

include  the  Ammonites  bifrons  or  the  A.  Jimbriatus,  upon  the  former 
of  which  Dr.  Wright,  and,  after  him,  Mr.  Hull  have  laid  such  stress  ; 

the  truth  being,  that  both  Dr.  Wright's  specimens  of  these  Ammo- 
nites (for  his  matrix  was  traced)  and  my  own  were  obtained  from  as 

much  as  20  feet  below  the  oolite- sands,  in  the  true  micaceous  beds 

of  the  Upper  Lias  Shales,  the  position  of  which  will  be  made  plain  by 
the  accompanying  section  of  beds  at  Frocester  Hill : — 

Fig.  1. — Section  at  Frocester  Hill. 

Cephalopoda-bed. 

ft.  in. 
1.  Oolite  -  freestone,  with  two 

bands  of  obliquely-laminated 
beds           40  0 

2.  A  sandy  Oolite,  with  Phola- 
domya        0  6 

3.  Ragstone      20  0 
4.  "Cephalopoda-bed"       4  0 
5.  Oolite-sands  60  0 

ft.  in. 
5a.  Position  of  Inferior  Oolite  Shells 

at  Nailsworth. 

6.  Upper  Lias  Shales — very  mica- 
ceous 20  0 

7.  Band  of  indurated  White  Lias, 
with  Am.  bifrons  and  A.  Jim- 

briatus 1  0 

8.  Upper  Lias  Shales,  blue. 

Now,  if  I  am  right  in  my  interpretation  of  this  matter,  Dr.  Wright 

has  gone  into  the  Lias  Shales  for  his  proofs  that  the  Cephalopoda- 
bed,  80  feet  higher,  is  Lias ;  nor  is  it  difficult  to  understand  how  he 
may  have  been  led  into  this  error,  inasmuch  as  the  upper  part  of  the 
Lias  Shales  has  become  oxidized  from  atmospheric  exposure  ;  and 
besides,  on  this  slope  the  Inferior  Oolite  Sands  have  fallen  over  them, 

^^T 
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so  that  their  true  nature  is  concealed.  At  the  same  time,  if  these 
Ammonites  are  thus  to  be  brought  as  witnesses  for  the  new  Liassic 
theory,  what  is  to  prevent  the  whole  of  the  Upper  Lias  fossils  from 
being  added  to  the  same  category  ? 

But  whatever  tale  may  be  told  by  the  Ammonites,  the  following 

shells,  taken  from  Dr.  Wright's  own  list,  are  those  which  I  should 
consider  as  characteristic  of  the  Oolite  ;  yet  many  of  these  are  from 
the  bottom  of  the  sands  ;  and,  while  none  of  them  are  Liassic,  many 
of  them  range  through  the  Great  Oolite  into  the  Cornbrash. 

List  of  Conchifera:  (F)  Frocester  Hill;  (N)  Nailsworth*. 

Lima  bellula,  Lycett.     F.,  N.,  also  Great  Oolite. 
Pholadomya  fidicula,  Sow.     F.,  N.,  Inferior  Oolite. 
Gervillia  Hartmanni,  Miinst.     F.,  N.,  Inferior  Oolite. 
Modiola  plicata,  Sow.     F.,  N.,  ranges  as  high  as  Cornbrash. 
Trigonia  striata,  Sow.     F.,  N.,  Inferior  Oolite. 
Perna  rugosa,  Gold.     N.,  Inferior  Oolite. 
Hinnites  abjectus,  Phil.     F.,  N.,  Great  Oolite. 
Pecten  articulatus,  Gold.     F.,  Coral  Rag. 
Gresslya  adducta,  Phil.     F.,  N.,      )    ,    ,,   ;     «      *       , 
n       ,*  ,.       .       j  v,    xt     r    both  in  Cornbrash. Gresslya  coniormis,  Ayass.    t .,  N.,  ) 
Myacites  tenuistriatus,  Ayass,     F.,  N.,  Inferior  Oolite. 
Goniomya  angulifera,  Sow.     F.,  Great  Oolite. 
Astarte  excavata,  Sow.     F.,  N.,  Great  Oolite. 
Myoconcha  crassa,  Sow.     N.,  Great  Oolite. 
Astarte  modiolaris,  Desh.     N.,  Inferior  Oolite. 
Cypricardia  cordiformis,  Desh.     F.,  Great  Oolite, 
Cardium  Hullii,    Wright  (C.  Buckmani,  Lycett).     F.,  N.,  Great 

Oolite. 

Now  as  regards  this  list,  it  is  not  a  little  curious  that  so  many  of 
the  species  should  take  so  wide  a  range  above,  but  not  one  below  the 
disputed  ground  ;  and  yet  it  is  on  this  very  account  that  Dr.  Wright 

prefers,  in  his  metaphorical  language,  to  consider  them  as  "  witnesses 
of  no  character."  At  the  same  time  we  see  how  inconvenient  it 
was  to  have  so  decidedly  a  Great  Oolite  fossil  as  the  Cardium  Buck- 

mani, Lycett,  founded  on  Minchinhampton  specimens,  in  the  new 
Lias  list ;  and  so  it  is  made  a  new  species. f 

Again,  on  referring  to  my  Cornbrash  fossils,  I  find  that  out  of  7 1 
species,  45  are  common  to  the  Inferior  Oolite,  and  amongst  them  no 
less  than  five  forms  of  Ammonites,  as  follow  : — 

Ammonites  Herveyi,  Sow   Fairford  and  Siddington. 
„  Brochii,  Sow   Fairford  and  Dry  Lease. 
„  subradiatus,  Sow   Fairford. 

*  This  section  of  Nailsworth  and  its  fossils  were  unknown  to  Dr.  Wright  when 
his  paper  was  read  before  our  Society,  but  they  are  incorporated  in  his  general 
list  at  p.  305,  and  thus  their  particular  hearing  is,  as  it  were,  stifled.  They 
were  commented  upon  at  the  Meeting  of  the  British  Association  ;  after  which 
the  list  referred  to  appears  to  have  been  altered. 

f  In  the  above  list  this  shell  is  quoted  just  as  in  Dr.  Wright's  list  he.  cit. 
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Ammonites  *Humphresianus,  Sow.  (?).  Fairford. 
„  * Jurensis  (?)  Zieten   Dry  Lease. 

With  even  this  list  of  Ammonites  before  us,  we  should  hesitate  in 
stating  that  the  bed  they  came  from  must  be  Inferior  Oolite  ;  whilst 
it  would  be  just  as  unreasonable  to  demand  that  the  Cornbrash,  with 
its  intermediate  member  the  Great  Oolite,  should  henceforth  be  added 
to  the  Inferior  Oolite. 

Again,  we  must  not  always  conclude  a  difference  of  horizon  on 
account  merely  of  a  change  in  species,  especially  if  we  reflect  how 
loose  is  the  definition  of  a  species,  and  how  unsettled  are  opinions 
concerning  their  identification ;  but  we  must  take  a  more  enlarged 
view  of  the  subject,  and  not  pin  our  faith  too  much  upon  the  labels 
of  either  Cephalopoda  or  Brachiopoda,  or  Mollusca  generally  :  we  are 
bound  to  take  into  consideration  all  the  circumstances  of  lithological 
structure,  stratigraphical  position,  and  every  family  of  included  fossils. 

As  the  section  of  Nailsworth  has  been  referred  to,  it  may  be  well 
to  state  that  here,  at  the  base  of  the  sands,  is  a  bed  of  sandy 
Oolite,  which,  though  small,  as  is  the  opening  by  the  road-side,  has 
yet  furnished  a  good  list  of  fossils,  which  is  constantly  being  added 
to  ;  the  following,  however,  will  afford  an  analysis  of  their  groups, 
as  worked  out  by  the  assistance  of  Mr.  Lycett  during  my  last 
visit :  — 

Species.  Common  to  Lias. 
Ammonitidse        2  . .  0 
Belemnitidse          1  .  .  1 

Gasteropoda        4  . .  0 
„  new  forms     ....       1  . .  0 

Lamellibranchiata       15  . .  3 
„              new  forms     ....      5  .  .  0 

Brachiopoda           2  . .  1 

rn 
Total      30  . .  5 

Here,  then,  as  we  proceed  downwards  in  these  sands,  the  propor- 
tion of  Liassic  to  Oolitic  forms  decreases  ;  but,  once  pass  the  sand 

boundary-line,  and  all  the  species  are  Liassic ;  and  I  still  contend 

that  Dr.  Wright's  most  respectable  witnesses  to  his  new  theory  have 
been  taken  from  the  undisputed  Lias. 

In  this  state  of  the  evidence,  then,  I  cannot  subscribe  to  the  new 
views  ;  but,  on  the  contrary,  rather  incline  to  the  belief  that  even  the 
sands  belong  to  the  true  Oolitic  horizon.  They  mark,  where  they 
occur,  a  great  change  in  physical  conditions,  and,  as  a  consequence, 
have  induced  a  corresponding  impression  upon  the  included  fauna, 

both  as  regards  general  appearance  and  specific  details,  —  two 
points  to  be  kept  distinct,  as  the  same  fossil  species  from  different 
mineral  matrices  will  have  very  different  aspects ;  and  again,  as  far 

as  species  are  concerned,  the  list  from  the   Cephalopoda-bed  has 

*  These  two  species  are  stated  with  some  doubt,  as  the  specimens  are  very 
imperfect.  The  list  of  Ammonites  is  being  added  to  constantly,  and  will  be  found 
more  in  detail  in  its  place  in  the  Cornbrash. 
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undergone  many  modifications  since  the  liassic  view  has  been  taken 
of  it.  Hence,  in  the  Oolitic  sands,  and  the  equivalent  beds,  we 
may  mark  an  oscillation,  the  effect  of  which  was  the  continuance  of 
several  species  identical  with  those  in  the  Lias  which  the  sands 
immediately  superimpose,  though  the  general  style  of  the  fossils 

decidedly  points  to  an  Oolitic  fauna, — and  this  the  more  so,  the  more 
the  oolitic  structure  of  the  rock  prevails.- 

What,  then,  is  here  meant  by  the  equivalents  of  the  sand  ?  My 
present  opinion  is,  that  the  sands  of  Froeester  are  identical  in  time 
with  the  mixed  pisolitic  beds  of  the  Cheltenham  district,  and  that 
the  iron-shot  sands  of  the  Dundry  Hill  and  Somerset  sections  are  also 
of  the  same  period :  the  pisolitic  conditions  prevailed  in  one  part  of 
the  Oolite  sea,  and  sandy  ones  in  another ;  and  hence  the  difference 
of  the  fauna. 

At  Haresfield  Beacon  is  found  a  large  Terebratula,  at  first  named 
T.  lata,  but  now  getting  the  name  of  a  Lias  shell,  namely,  T.  punc- 

tata, Sow.  At  Crickley  Hill  we  have  a  variety  of  the  same  shell ; 
but  here  the  pisolitic  stratum,  as  it  occurs  at  Leckhampton,  is  some- 

what changed,  since  we  have  as  much  as  60  feet  of  a  sandy  oolite  in 
blocks  of  hard  stone,  irregularly  interpolated  in  beds  of  pisolitic  cha- 

racter. The  most  truly  marked  pisolite  is  near  the  top  of  this  emi- 
nently oolitic  section,  and  it  is  here  that  the  Ter.  simplex  and  Ter. 

plicata  (Buck.)  are  in  such  abundance,  together  with  large  forms  of 
Ter.  perovalis,  which,  however  heterodox  the  notion  may  now  seem, 
I  feel  convinced  will  be  ultimately  considered  specifically  the  same  as 
the  Haresfield  Hill  form,  and  connected  by  the  large  specimens 
thence  obtained.* 

The  following  section  of  Crickley  Hill  may  be  compared  with  that 

of  Leckhampton : — 
ft.   in. 

5.  Pisolite,  with  but  a  small  admixture  of  oolitic  1     ̂       ~ 

ragstone        . .  . .  . .  . .  .  .  J 
4.  Freestone,  including  pisolite  . .  . .  . .         9     0 
3.  Hard  blocks  of  oolite,  consisting  in  part  ofl  „-     ̂  

very  indurated  pisolite         .  .  . .  . .  J 
2.  Sandy  oolite,  occasionally  pisolitic     . .  . .      25     0 
1.  Lias. 

Now  here  the  sands  are  absent,  but  their  thickness  is  made  up 
by  siliceous  and  indurated  oolites ;  and  where  the  true  loose  sandy 
conditions  prevailed,  the  difference  is  well  marked  by  the  fauna ;  as 
ever  shifting  sands  and  the  want  of  calcareous  matters  were  as 
inimical  to  animals  in  the  old  as  in  the  modern  seas ;  hence  the 

paucity  of  fossils  in  the  true  sandy  deposits  :  but  where  muddy  con- 
ditions occasionally  intervened  for  a  while — as  even  in  these  sands, 

*  This  notion  is  not  new,  as  Bronn  ('  Index  Palseontologicus  ')  considers  T. 
perovalis  as  a  synonym  of  T.lata, which,  again,  is  the  true  T.ovoides(T.  lata, Sow.). 

D'Orbigny  considers  T.  simplex  to  be  a  synonym  of  the  same  ('Prodrome').  Indeed, 
these  are  among  several  forms  of  Terebratula  from  the  same  horizon,  and  yet  pre- 

senting as  much  difference  as  groups  of  our  modern  Mussel-shells. 
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at  their  base  at  Nailsworth*  and  other  places — animal  remains  are 
abundant. 

Hence  I  am  compelled  to  adopt  the  following  conclusion : — 
To  class  the  sands  with  the  Oolites ;  as  they  evidently  mark,  to 

say  the  least,  an  oscillation  in  the  previous  or  true  liassic  conditions  ; 
and,  though  a  few,  and  only  a  few  of  the  Cephalopoda  common  to 
the  Lias  still  maintained  their  ground,  yet  at  the  base  of  the  sands 
we  are  not  without  a  shelly  deposit  so  thoroughly  Oolitic  that  a 
glance  is  sufficient  to  decide  the  question. 

In  adopting  the  line  contended  for  by  Dr.  Wright,  we  do  so  en- 
tirely upon  the  evidence  of  fossils  which  are  yet  mostly  peculiar  to 

isolated  positions  ;  and,  whilst  many  of  them  range  high  in  the  Oolites, 

few,  if  any,  are  found  in  the  real  Lias, — of  course,  those  got  from 
the  Lias  itself  not  being  properly  classed  as  proofs  of  the  position  of 
the  sands,  much  less  of  the  Cephalopoda- bed. 

We  give  up  also  a  well-defined  line, — namely,  that  of  a  blue  mica- 
ceous clay,  overlaid  by  calcareous  sands,  the  latter  being  the  precur- 

sors of  the  more  perfect  calcareous  condition,  which,  indeed,  did 

sometimes  prevail  in  the  same  horizon, — only  to  form  a  boundary- 
line  between  even  courses  of  beds  of  true  oolitic  structure :  this,  to 
my  view,  appears  very  unreasonable. 

Having  so  far  disposed  of  the  question  of  the  basement-bed,  it  may 
be  well  here  to  give  a  Table  of  the  different  members  of  the  Inferior 
Oolite  rock  as  they  appear  in  Gloucestershire  ;  they  are  as  follow,  in 
descending  order  : 

B.  6.     Clypeus-brash        Clvpeus  sinuatus. 

.       jTrigonia-grit    1  f  Trigonia  costata. 

"  5-      {Grvphite-grit   }     ]  Gryphea  Buckmanni. L      "r        °       J  i  Ammonites. 
,,  4.     Oolite-marlstone        Terebratula  fimbria. 
,,3.     Freestone         Small  broken  shells. 

2       [Flaggy   Oolite  =  "  Shelly  Freestone"    of  f  Small    shells     much    like 
"  \     Brodie     \     those  of  Great  Oolite. 

TF  '   n  s  O  Yfp  1  f  Urchins  in  pisolitic  beds. 

„  1.     "j  n  Vf         ds  >  occasionally  pisolitic  •<  Ammonites    and     bivalve 
*-    °    e"sa      '  -*  [     shells. 

These  beds  in  their  extension  from  the  north  to  the  south  Cottes- 
wolds  observe  many  modifications ;  for,  although  each  member  here 
laid  down  may  be  traced  either  in  a  typical  or  representative  form, 
yet  each  differs  widely  not  only  in  aspect,  but  in  thickness,  at  differ- 

ent stations.  This  is  especially  the  case  with  the  Freestone  beds, 
which  at  Leckhampton  and  Dodwell  quarries  are  as  much  as  80  feet 
thick  ;  these  thin  off  in  the  Frocester  section  to  40  feet,  whilst  north 

of  Leckhampton,  as  at  Stanway  Hill,  and  along  the  Stow-on-the-Wold 
line  of  section  they  are  nearly  absent ;  but  the  thickness  is  made  up 
by  an  augmentation  of  the  Ferruginous  Oolite,  which  here  forms  a 

*  My  friend  Mr.  C.  Moore  informs  me  that  he  found  other  calcareous  bands  in 
the  sand  section  at  Nailsworth  charged  with  fossils  ;  and  he  further  informs  me  that 

the  conditions  there  marked  are  precisely  the  same  as  at  the  "  Half-way  House" 
near  Yeovil,  but  that  there  the  Ammonite-bed  is  in  the  centre  of  the  lower  blocks 
of  Inferior  Oolite. 
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fine  ochre-tinted  freestone  peculiar  to  the  district,  its  rich  colour 
giving  a  character  to  Toddington  Abbey,  which  is  built  of  it. 

B.  6.  One  of  the  most  persistent  of  the  Inferior  Oolite  beds  is  the 

one  named  Chjpeus-brash,  from  the  enormous  quantity  of  Clypeus, 
now  Nucleolites  sinuatus,  it  contains.  The  platform  upon  which 
the  houses  at  Birdlip  stand,  rests  on  this  bed,  which  is  well  exposed 

by  the  denudation  of  the  Fuller's  earth.  (See  Section,  PI.  VII.) 
Here  the  plough  on  the  Stone-brash  turns  up  this  Urchin  in  large 
quantities ;  the  same  is  the  case  in  the  Stow  district,  where  we  have 
frequently  seen  it  gathered  in  heaps  for  removal  from  the  barley- 
field,  and  have  not  always  succeeded  in  convincing  onr  bucolic  friends 
that  it  was  not  an  annual  production  ;  for  this  their  conclusion,  its 
constant  and  apparently  undiminished  appearance  in  the  different 
crop-rotations  may  partially  excuse  them. 

B.  5.  The  Grits,  which  at  Leckhampton  and  Lineover  Hills,  near 
Cheltenham,  are  separated  into  two  thick  beds  by  a  thin  band  of 
marl,  are  at  other  parts  of  the  district  so  intermixed  as  to  be  in- 

separable.    The  Lineover  section  is  as  under,  in  descending  order  : 
ft.    in. 

3.  Trigonia-grit,  a  bed  of  hard  ragstone,  highly 
charged  with  Trigonia  costata,  T.  clavellata,  and 
other  species  of  this  genus,  as  erected  by  Mr. 
J.  Lycett    4     0 

2.  Band  of  marl  full  of  shells,  among  which  the 
Perna  mytiloides,  Bronn,  L.  G.  t.  19,  fig.  12,  is 
the  most  conspicuous    0     8 

1.  Gryphite-grit,  locally  named  from  the  great 
abundance  of  Gryphcea  Buckmanni,  Lycett 
(Proceedings  Cotteswold  Club,  vol.  i.  p.  236)   . .         10     0 

These  grits  occur  more  or  less  distinct  at  the  Cleeve  Cloud,  and  on 
the  Stow  road,  and  indeed  are  universal  in  this  district  as  part  of 
the  Inferior  Oolite  deposit. 

B.  4.  The  Oolite-marl  is  also  a  most  persistent  bed  both  in  cha- 
racter and  thickness  ;  it  will  however  be  found  more  or  less  indurated 

at  different  places,  even  at  no  great  distance  apart ;  thus,  at  the 
west  end  of  Leckhampton  Hill  it  is  a  hard  white  limestone,  highly 
charged  with  Terehratula  fimbria,  whilst  in  the  scarps  facing  the 
north  it  is  a  soft  yellowish  marl,  especially  towards  the  base ;  and 
here  the  former  Terehratula  is  less  common,  its  numbers  being 
replaced  by  the  Ter.  maxillata  (submaxillata,  Davidson),  a  shell 
which  becomes  exceedingly  common  upwards  in  marly  beds  of  a 
like  character,  occasionally  formed  in  the  Great  Oolite, — a  fact 
showing  how  the  same  circumstances  recurring  after  a  lapse  of  time 
result  in  the  re-introduction  of  an  older  fauna.  This  same  marl- 
bed  was  shown  me  in  a  section  near  the  Brimscomb  station,  from 
which  I  not  only  obtained  fine  specimens  of  T.  maxillata  and  also 
T.  carinata,  Lam.,  both  abundant  at  the  Leckhampton  station,  but 
also  of  a  diminutive  form  of  Ter.  simplex,  Buckman,  as  pointed  out 
to  me  by  my  friend  John  Lycett :  this  latter  fact  affords  a  remark- 
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able  instance  of  how  a  species  may  become  altered  by  a  difference  of 
time  and  surrounding  media.  In  addition  to  the  species  just  quoted, 
the  bed  is  remarkable  for  containing  other  shells,  as  Lima  Iceviuscida, 
Mytilus  obtusus,  Geol.  Cheltenham,  t.  7,  f.  2 ;  Natica  Leckhamp- 
toniensis,  Lycett,  with  occasional  masses  of  a  single  species  of  coral, 
probably  belonging  to  the  genus  Microsolena  of  Milne-Edwards. 

B.  3.  Freestone. — This,  which  is  the  thickest  bed  of  the  Inferior 
Oolite,  often  partakes  of  the  character  of  Bath  Freestone  ;  and,  when 
quarried  from  underground  workings,  as  at  Dodswell  quarries,  near 
Cheltenham,  it  is  scarcely  inferior  in  quality  ;  in  some  districts  too, 
as  at  Frocester  Hill,  it  presents  the  phenomena  of  oblique  cleavage. 
The  great  mass  of  this  rock  is  remarkably  free  from  fossils,  especially 
any  perfect  specimens  ;  beds  of  stone,  however,  are  not  unfrequent 
which  appear  to  have  been  entirely  composed  of  shell-sand.  This 
rock  appears  to  have  attained  its  greatest  thickness  at  Leckhampton 
Hill,  where  it  cannot  be  less  than  100  feet  thick :  at  Frocester  it 
thins  off  to  40  feet.  A  similar  thinning  of  this  bed  may  be  remarked 
in  the  north  Cotteswolds,  though  in  its  general  aspect  it  is  wonder- 

fully persistent. 

B.  2.  Flaggij  Oolite — "  Roestone,"  '  Geol.  Cheltenham,'  "Shelly 
Freestone,"  Brodie.  This  is  a  coarse  kind  of  Freestone,  full  of  shells, 
and  extensively  quarried  at  Leckhampton  Hill  for  rough  kinds  of 
stone-work ;  its  chief  geological  interest  consists  in  the  fact,  that  in 
this  bed  of  the  Inferior  Oolite  we  meet  with  a  large  development  of 
that  peculiarity  of  life  which  so  greatly  prevailed  in  the  Great  Oolite 

beds  ;  a  fact  which  I  first  noticed  in  the  2nd  edition  of  the  (  Geology 
of  Cheltenham,'  and  which  has  since  been  worked  out  in  great  detail 
by  Messrs.  Lycett,  Brodie,  and  Gomonde.  To  the  former  gentleman 

we  are  indebted  for  a  very  elaborate  paper,  bearing  on  the  distribu- 
tion of  fossil  forms  in  the  Oolites,  which  will  be  found  in  the  1st  vol. 

of  the  '  Proceedings  of  the  Cotteswold  Naturalists'  Club,'  and  from 
which  I  copy  the  following  general  results  (pp.  62,  &c.) : — 

Species. From  the  middle  division  of  the  Inferior  Oolite 
were  obtained      255 

Of  these,  from  the  Leckhampton  beds  were.  .  181 
  the  Minchinhampton  beds   . .  145 
Common  to  the  two  localities    73 
Common  to  the  Great  Oolite  and  the  Flaggy 

Oolite    64=28  per  cent. 

The  fauna,  though  differing  in  species  from  that  of  the  beds  of  a 
like  structure  in  the  Great  Oolite,  is  yet  of  the  same  character ;  and 
hence,  though  the  Upper  Rags  of  the  Inferior  Oolite  throughout  our 
whole  district  may  be  characterized  by  Cephalopoda  and  Brachiopoda, 
species  of  these  families  are  exceedingly  rare  in  the  shelly  freestone ; 
but  Gasteropoda  and  Lamellibranchiata  abound,  and  the  following 
list  sufficiently  points  out  the  similar  fossil  conditions  of  the  Free- 

stones of  the  Inferior  and  Great  Oolite  rocks  : — 
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List  of  Shells  common  to  the  Great  and  Inferior  Oolite  Freestones. 

(From  Lycett's  Table.) 
Patella  rugosa,  M.  C.  Rissoina  obliquata,  M.  C. 
  inornata,  Lycett.  Lima,  8  species. 
Eraarginula  s,calaris,  M.  C.  Mytilus,  4  species. 
  alta,  Lycett.  Gervillia,  2  species. 
Monodontasulcosa  (Nerita),  Archiac.  Cypricardia  cordiformis,  Deshayes. 

Lyellii,  Archiac.    siliqua,  Lycett. 
heliciformis,  Lycett.                         Venus  trapeziformis,  Roemer. 
laevigata,  M.  C.    Suevica,  Goldfuss. 

Turbo  capitaneus,  Goldfuss.  Nucula  variabilis,  M.  C. 

Natica  canaliculata,  Lycett.  Area  pulchra,  M'C. ;  and  otbers. 
Rissoa  laevis,  M.  C. 

Here  then  we  see  that  in  this  bed  we  have  a  fauna  similar  in 

character,  and  to  a  great  extent  specifically,  as  that  in  the  Great 
Oolite,  some  200  feet  above ;  and  this  is  accompanied  by  the  same 
kind  of  structure  of  stone,  it  being  quite  impossible  to  distinguish 
hand-specimens  of  this  portion  of  the  lower  series  from  the  fossili- 
ferous  beds  of  the  superior  strata. 

B.  1.  The  Ferruginous  Oolite,  having  been  dwelt  upon  in  the 
earlier  part  of  this  paper,  will  require  no  further  explanation  here ; 
it  may  not,  however,  be  out  of  place  to  remark,  that  this  bed  in  its 
variable  character  shows  clearly,  what  we  might  expect,  that  the  first 
commencement  of  oolitic  deposits  was  much  more  irregular,  both  as 
to  the  materials  left  at  different  parts  of  the  Oolitic  sea-bottom,  and 
the  remains  of  animals  which  are  intermixed  in  the  rock  at  dif- 

ferent places ;  and  in  this  way  may  we  not  readily  account  for — 

a.  Sandy  deposits  at  Frocester,  where  the  Pea-grit  is  absent  alto- 
gether ; 

b.  Siliceous  freestones  in  blocks,  with  occasional  beds  of  Pea-grit 
at  Crickley  Hill ; 

c.  Sandy  deposits  with  occasional  limestone-bands,  as  at  Nails- 
worth  ? 

As  far  as  fossils  are  concerned,  we  may  reasonably  expect  that 
they  differed  with  various  depths  ;  and  neither  at  the  bottom  of  the 
Oolitic  sea,  nor  of  any  other  formation  do  we  find  an  evenly  laid 
floor,  with  an  everlasting  repetition  of  the  same  pattern,  like  the  car- 

pets of  those  drawing-room  geologists  who  substitute  theory  for  field- 
exploration. 

3.  Fuller's  Earth. 

This  deposit  rests  upon  the  Inferior  Oolite,  and  may  be  seen  in 
tracing  up  the  Cotteswold  scarps  along  the  Section,  PI.  VII.,  about 
half  a  mile  to  the  east  of  Birdlip,  where  it  forms  a  sloping  ridge  of 
blue  clay,  much  exposed  in  the  road-cutting,  and  at  once  recognized 
by  wells  and  springs  wrhich  supply  some  cottages  with  water.  This 
water-bearing  bed  has  been  denuded  from  the  Birdlip  platform ;  and 
hence  the  bar  to  the  increase  of  dwellings  in  that  picturesque  locality, 

as  the  depth  to  the  next  water-bed — the  Upper  Lias,  about  200  feet, 

is  much  too  great  for  ordinary  wells ;  the  dip  too  of  the  Fuller's 
Earth  is  from  the  place,  and  besides  it  is  cut  off  by  a  deep  ravine  in 
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Nettlecomb  Bottom ;  so  that  it  offers  too  slight  a  drainage-area  to 
render  reservoirs  for  the  water-supply  of  the  place  practicable. 
Passing  along  our  line  of  section,  dwellings  only  occur  where  the 

surface  is  a  few  feet  above  the  Fuller's  Earth  ;  and  the  hill  along 
which  runs  the  old  Roman  road  from  Gloucester  to  Cirencester,  and 

the  parallel  Cotteswold  heights,  have  the  farm-houses  and  cottages 

near  the  junction  of  the  Great  Oolite  and  Fuller's  Earth,  water  being 
so  important  an  element  in  domestic  use.  This  bed  too  is  of  great 
importance  in  an  agricultural  point  of  view,  as  on  the  hill-slopes 

meadows  with  their  ponds  can  be  maintained  in  the  "  skeins  of  clay," 
as  the  farmer  terms  the  Fuller's  Earth  band  with  which  the  otherwise 
brashy  land  is  divided ;  so  that,  although  the  Great  Oolite  has  a 

thin  soil,  the  Inferior  Oolite  is  not  only  watered  from  the  Fuller's 
Earth  above  it,  but  is  covered  up  with  a  more  or  less  deep  soil,  partly 
made  up  of  the  latter, — facts  easily  understood  from  the  following 
section : — 

Fig.  2. — Section  of  the  Fuller's  Earth. 
Elkstone. 

1.  Inferior  Oolite.  2.  Fuller's  Earth.  3.  Great  Oolite. 
a.  Debris  of  Fuller's  Earth,  making  meadow-land. b.  Position  of  Ponds.  c.  Position  of  Houses. 

So  regular  is  the  course  of  the  Fuller's  Earth  bed,  except  when  cut 
off  by  faults,  that,  on  ascertaining  the  depths  of  wells  at  different 
points,  a  surface-section  can  be  made  out  almost  as  accurate  as  with 
the  theodolite ;  and  hence  our  sections  for  the  most  part  enable  us  to 
determine  along  their  whole  lines  the  depths  to  water-bearing  beds. 

The  fossil  contents  of  this  bed  in  the  Cotteswold  district  offers  but 

a  comparatively  small  list,  but  this  is  made  up  by  the  enormous 
masses  in  which  most  of  the  species  occur  ;  the  following  are  among 
the  common  examples  : — 

Ostrea  acuminata,  M,  C.  Pecten  vagans,  M.  C. 
Avicula  echinata,  M.  C.  Pholadomya  truncata,  Buckman. 
Terebratula  globata,  M.  C* 

These  fossils  are  usually  in  such  abundance  in  the  upper  part  of 
the  stratum  as  merely  to  be  cemented  by  a  marly  paste,  and  the 
rock,  acted  upon  by  the  frost,  is  broken  up  into  a  heap  of  shells. 

5.  Great  Oolite,  with  Stonesfield  Slate  (4.). 

Thi3  is  with  us  a  widely-extended  rock,  and  more  especially  in  the 
South  Cotteswolds,  commencing  a  few  miles  to  the  north  of  Ciren- 

cester, and  continuing,  with  but  few  interruptions,  beyond  Bath. 
Like  the  Inferior  Oolite,  it  is  variable  in  thickness,  and  made  up  of 

*  The  same  as  the  Inferior  Oolite  species,  but  more  regular  in  form,  and  usu- 
ally a  more  delicate-looking  shell. 
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different  members  or  stages,  which,  though  tolerably  persistent,  are 
still  liable  to  many  variations  ;  these,  however,  are  much  more  appa- 

rent than  real,  as,  though  the  beds  vary  much  in  colour  and  thick- 
ness at  different  places,  yet  it  is  astonishing  how  clearly  representative 

rocks  may  be  made  out  at  distinct  points.*  Hence  at  Box  we  have 
an  example  of  an  excellent  building-stone,  which,  from  its  fineness 
of  grain,  the  freedom  with  which  it  can  be  worked,  and  the  stability 
of  its  form  under  atmospheric  changes,  is  rendered  one  of  our  best 
rocks  for  all  fine  architectural  uses,  and  hence  it  is  sent  immense  di- 

stances for  quoinings  of  buildings,  stone-carvings,  and  the  like.  The 
same  stage,  however,  further  north  is  very  rough  in  texture,  and  by 
no  means  a  weather-stone  ;  besides,  it  can  only  be  used  in  small  pieces, 
on  account  of  its  decidedly  oblique  lamination,  the  lines  of  which  are 
equally  apparent  in  the  Bath  stone,  though  the  latter  holds  firmly 
together  in  these  planes. 

The  following  is  the  best  general  analysis  of  this  rock,  in  descending 
order,  1  have  been  enabled  to  make  by  comparing  sections  in  the 

Minchinhampton,  Cirencester,  and  Bath  districts : — 

Subdivisions  of  the  Great  Oolite. 
ft.    in. 

C.  6.  Yellowish  oolite,  with  more  or  less  of  oblique  la- 
mination, sometimes  separated  into  two  or  more 

stages  with  thin  partings  of  sand  or  marl ;  oc- 
casionally a  hard  compact  freestone  throughout ; 

about            45     0 

5.  Bed  of  marl,  mostly  yellow,  occasionally  dark 
blue,  sometimes  in  clunchy  lumps,  containing 
Lima  cardiiformis  and  Ter.  maxillata  in  quan- 

tity,—  in  many  places  a  hard  white  stone   ....        4     0 
4.  Hard   limestone   in   blocks,    with   Purpuroidea, 

Pachyrisma,  &c           6     0 
3.  White  limestone,  breaking  up  into  square  blocks, 

occasionally  with  oblique  laminae  =  Bath  Oolite     30     0 
2.  A  rougher  freestone  (frequently  blue-centred 

=the  "  black  rock"  of  the  quarrymen).  Rag- stone        25     0 

1.  Flat  slabs  of  siliceous  limestone,  with  square 
sharp  edges,  fissile  on  exposure,  frequently 
highly  charged  with  vegetable  remains  =  Stones- 
field  Slate.    This  becomes  sandy  and  incoherent 
towards  the  bottom         15     0 

Fuller's  Earth       

Total     125     0 

As  regards  the  upper  bed  (6)  of  this  section,  it  may  not  be  out  of 
place  to  state,  that,  while  enjoying  the  pleasure  of  two  or  three  field- 

*  'I  hese,  however,  are  only  to  be  known  by  constant  work  and  comparison both  of  section  and  fossils. 
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rambles  with  Mr.  E  Hull,  of  the  Geological  Survey,  during  his  in- 
vestigations in  the  Cirencester  district,  we  could  by  no  means  agree 

as  regarded  the  allocation  of  the  upper  beds  of  the  Great  Oolite  ;  for, 
while  I  put  tbis  particular  mass  of  freestone,  and  it  is  purely  so,  into 
the  Great  Oolite  division,  he  claims  it  as  part  of  the  Forest  Marble. 
My  reasons  for  classifying  this  bed  with  the  Great  Oolite  are  as 
follow  : — 

1.  It  is  always  found  to  occupy  a  position  below  the  Bradford 
Clay,  as  long  since  marked  by  Mr.  Lonsdale  ;  and,  though  this  latter 
bed  is  frequently  wanting,  yet  the  clays  and  sandy  fissile  slabs  of  the 
true  Forest  Marble  rest  immediately  on  the  Great  Oolite  in  its 
absence. 

2.  These  freestone-beds  form  an  unbroken  series,  frequently  with- 

out even  a  clay-parting  to  the  Fuller's  Earth,  for  the  thickness  of  as 
much  as  1 20  feet,  which  has  been  so  often  proved  in  well-sinking  in 
the  Cirencester  district.  To  divide  a  freestone-rock  in  the  middle 
seems  therefore  hardly  warranted,  unless  marked  by  some  distinctive 
fauna  of  a  decided  kind,  which,  as  far  as  I  know,  has  not  even  been 
pretended ;  so  that  neither  lithological  structure  nor  fossil  contents 
warrant  this  division. 

3.  The  sudden  appearance  of  clays  and  shales  upon  a  freestone 

rock,  as  is  the  case  with  the  Fuller's  Earth  upon  the  Inferior  Oolite, 
and  the  Bradford  or  Forest  Marble  Clay  on  the  Great  Oolite,  and 
more  especially  when  accompanied  by  such  a  decidedly  different 
fauna  as  the  Bradford  Clay  presents,  all  argue  such  a  physical 
cbange  as  fully  to  justify  a  division. 

4.  The  Bradford  Clay,  where  present,  introduces  so  many  new 
fossil  forms, — many  of  which  belong  also  to  the  Forest  Marble,  as 
laid  down  by  myself,  yet  do  not  descend  into  the  oolite-bed  in 
dispute, — that  both  upon  physical  and  fossil  evidence,  I  claim  for 
the  Great  Oolite  all  the  mass  of  freestone  between  the  Fuller's  Earth 
below  and  the  Bradford  or  Forest  Marble  Clays  above. 

Now,  unless  such  a  plan  of  division  be  adopted,  the  base-line  of 
the  Forest  Marble  is  made  arbitrary ;  for,  although  it  is  true  that 
these  upper  beds  are  affected  to  a  greater  or  less  extent  by  oblique 
lamination,  this  is  a  most  unsafe  guide,  inasmuch  as  the  whole  of 
the  Great  Oolite  is  at  places  liable  to  this,  and  even  the  large  blocks 
of  Box  (Bath)  oolite  are  formed  of  oblique  laminae,  which  would 
result  in  a  shattered  obliquely-cleaved  rock  if  quarried  near  the 
surface ;  but  the  great  value  of  Box  stone  results  from  its  being 
mined  from  galleries,  and  not  quarried  in  open  work,  when  all  the 
Great  Oolite  beds  split  up  more  or  less  obliquely. 

Again,  the  same  bed  differs  widely  according  to  the  nature  of  the 
band  upon  its  surface ;  hence,  if  the  yellow  Bradford  Clay  rests  upon 
it,  it  is  a  lightish  yellow  stone,  splittiug  obliquely  some  months  or 

years  after  an  exposure,  as  in  the  road-cutting  at  Tetbury  Road  Sta- 
tion ;  the  same  is  the  case  where  the  yellow  Forest  Marble  clay  rests 

upon  the  oolite,  as  in  the  section  at  the  Royal  Agricultural  College. 
These  blocks,  however,  were  hard  and  compact  when  first  quarried,  so 
much  so  as  to  render  blasting  necessary  ;  but  at  Chesterton,  and  again 
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at  the  "Blue  quarry"  on  the  canal  near  Cirencester,  there  is  a  dark 
blue  Forest  Marble  clay  on  the  rock  in  question,  and  the  masses  of 
stone  beneath  are  so  tough  and  blue-centred  as  to  appear  like  a 
stone  of  a  different  geological  horizon ;  these  conditions  will  be  made 
plainer  by  comparing  the  following  sections  : — 

Section  at  Tetbury  Road  Station,  near  Cirencester. 
ft.   in. 

1.  Forest  Marble,  slates  and  sands        2     6 
2.  Bradford  Clay,  full  of  fossils          7     0 
3.  Great  Oolite.  A  fine-grained  and  bright-coloured  Oolite-stone,  with 

oblique  lamination  becoming  apparent  after  quarrying ;  to  bottom  10     0 

The  Gas  House  Quarry,  \  mile  north  of  Cirencester. 
ft.    in. 

1.  Thin  bed  of  broken  brash       0     9 
2.  Bradford  Clay  with  Ter.  digona,  &c       2     0 
3.  Freestone,  with  oblique  laminze,  separated  into  two  stages  at  one 

end  of  the  quarry  by  a  thin  band  of  clay    20     0 
4.  Calcareous  sandy  bed  with  Ostrea  Jurassica       0     9 
5.  Bath  Freestone,  quarried  in  blocks,  to  bottom  of  quarry     15     0 

Mr.  Flux's  Quarry,  only  about  300  yards  from  the  preceding, — 
ft.  in. 

1.  Blue  Forest  Marble  clay        4  0 
2.  White  marlstone         0  9 
3.  Blocks  of  Freestone,  blue  in  the  centre        3  0 
4.  White  Freestone,  with  oblique  lamination,  to  bottom  of  quarry  ...     6  0 

Blue  House  Quarry,  on  the  Thames  and  Severn  Junction  Canal. 

ft.   in. 
1.  A  stiff  yellowish  mottled  clay  with  Ostrea       4     0 
2.  Band  of  hard  stone,  full  of  shells  and  corals        2     0 

3.  Dark-blue  clay  with  several  species  of  Serpula  on 
oysters,  &c       3     6 

4.  Band  of  yellow  marl  made  up  of  decomposed  shells, 
=  Bradford  clay  (?)          1     0 

5.  Blocks  of  hard  stone,  blue  in  the  centre,  enclosing  oolite  pebbles .     6     0 

6.  "  Soft  Freestone"  of  workmen ;  not  worked  ;  bottom  of  quarry. 

Probably 
Bradford 

clay. 

As  regards  the  fossils  of  the  Great  Oolite,  it  will  hardly  be  neces- 
sary in  this  place  to  state  more  than  general  conclusions,  inasmuch 

as  the  excellent  Monograph  upon  the  Mollusca  of  this  rock  by  Lycett 
and  Morris  (Palseontograph.  Soc.)  leaves  little  to  be  desired  respect- 

ing their  forms  and  specific  details.  Speaking  of  the  prevailing  fami- 
lies, these  authors  have  the  following  remark,  which  puts  some  im- 

portant facts  connected  with  the  fauna  of  this  rock  before  us  in  a 

strong  light  :— 
"  One  of  the  most  forcible  impressions  conveyed  to  the  mind  by  a 

survey  of  the  Testacea  of  this  formation,  when  compared  with  those 
of  the  other  members  of  the  oolitic  system,  is  the  great  scarcity  of 
the  Cephalopoda   When  the  Phasianellse  and  Naticse,  which  are 

now  known  to  be  zoophagous,  are  added  to  our  species  of  flesh- 
eating  Mollusca,  it  will  at  once  be  perceived  how  amply  nature  pro- 
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vided  for  the  maintenance  of  the  balance  of  the  testaceous  animals 

during  the  deposition  of  the  Great  Oolite  of  England.  The  great 
mass  of  the  Testacea  are  bivalves,  and  in  species  they  exceed,  by 
about  one-fourth,  the  united  number  of  the  Gasteropoda,  Cepha- 

lopoda, and  Echinodermata*." Hence  then  the  fossils  of  the  Great  Oolite,  taken  as  a  whole,  more 
nearly  conform  to  that  which  pertains  to  the  shelly  freestone  and 
building-stone  of  the  Inferior  Oolite ;  and,  as  before  remarked,  it  is 
curious  to  find  how  many  shells  are  common  to  the  two ;  however, 
in  as  far  as  hand- specimens  of  these  two  building- rocks  are  con- 

cerned, we  can  usually  find  some  distinctive  fossils,  the  more  com- 
mon of  which  will  be  found  in  most  of  the  species  of  Tancredia  of 

Lycett,  Pecten  vagans,  Lima  cardiiformis,  L.  duplicata,  and  Natica, 
Purpura,  Alaria,  Melania,  and  others  of  the  univalve  class,  so  many 
of  which  are  not  only  distinctive,  but  of  common  occurrence. 

The  Brachiopoda,  which  are  so  abundant  in  the  rag  beds  of  the 
Inferior  Oolite,  are  few  in  species  in  the  Great  Oolite,  and  usually 
only  occur  in  the  occasional  marly  partings ;  the  bed,  however, 
marked  5  is  tolerably  persistent  over  a  wide  area,  and  at  Bibury 
contains  whole  masses  of  the  T.  maxillata,  of  a  peculiarly  large  and, 
for  the  most  part,  old  and  rugose  form.  The  same  shell  occurs  abun- 

dantly at  Foss  Bridge  on  the  Cirencester  and  Northleach  road,  but 

here  only  in  the  young  state — a  circumstance  which  might  lead  to 
the  consideration  of  it  as  a  distinct  species  ;  whilst  at  Northleach  the 
same  band  of  marl  contains  this  small  form,  together  with  occasional 
examples  of  a  Terebratula,  referred  by  Mr.  Hullf  to  T.  digona,  but 
differing  in  being  broader,  thicker,  and  not  so  square  at  the  base.  This 
form,  however,  I  take  to  be  the  representative,  if  not  derivative  of 

Terebratula  indentata,  Sow.     Lias.  Terebratula  obovata,  Sow.  (with  its 
   cornuta,  Sow.    Lias-marlstone.  allies).    Cornbrash. 
   emarginata,  Sow.    Inf.  Oolite.     ornithocephala,  Sow.     Oxford 
   digona,  Sow.     Bradford  Clay.  Clay. 

I  know  this  view  will  be  dissented  from  by  naturalists  in  general ; 
still  I  cannot  help  thinking  that,  when  collectors  compare  all  the 
forms  they  can  get  without  looking  after  merely  typical  specimens 
(which  by  the  way  are  often  exceptions),  their  tendency,  like  mine, 
will  be  in  this  direction. 

Among  the  higher  animals,  Fishes  may  be  referred  to  as  presenting 
an  important  characteristic  of  the  Freestone  of  the  Great  Oolite,  when 

compared  with  the  Inferior  Oolite.  In  the  latter,  fish-remains  are  very 
uncommon  ;  but  in  the  former,  teeth  of  various  genera  of  the  follow- 

ing families  may  be  found  in  almost  every  quarry : — 
Pycnodonts. — Vomerine  bones,  with  whole  rows  of  teeth,  not  un- 

common ;   single  teeth  dot  the  stones  very  commonly. 
Cestracionts. — Large  quadrangular  teeth  of  Strophodus  are  com- 

mon throughout  the  Great  Oolite,  with  others. 
Hybodonts. — Separate  teeth  of  various  species,  with  the  rest. 

*  '  Monograph  of  the  Mollusca  from  the  Great  Oolite,'  Morris  &  Lycett,  p.  5. 
t  Memoirs  of  Geological  Survey,  Geology  of  Country  around  Cheltenham,  bv 

E.  Hull,  Esq.,  p.  62. 
I  2 
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Of  Saurians,  we  meet  with  teeth  of  the  Ichthyosaurus,  Plesiosau- 
rus,  and  Megalosaurus,  but  parts  of  the  skeleton  are  rare. 

The  Stonesfield  Slate  is  remarkable  for  its  peculiar  mechanical  con- 
dition, being  readily  fissile  into  thin  stone-tiles  after  exposure,  and 

possessing  a  comparatively  low  specific  gravity,  so  that  from  appear- 
ance and  lightness  it  makes  a  capital  roofing-material ;  it  is  much 

quarried  at  Birdlip,  Miserdine,  Sevenhampton  near  Cheltenham, 
and  in  the  Stow  district ;  at  the  two  latter  places  more  especially 
it  offers  an  abundant  list  of  fossil  remains,  of  a  curious  character, 
such  as 

Plants,  both  aquatic  and  terrestrial. 
Insects,  of  several  families. 
Saurians,  including  the  Megalosaurus  and  the  Pterodactylus. 
Fishes,  especially  fine  palatal  teeth  of  Psammodus. 

Cirrhipedes. — Pollicipes  ooliticus,  Buckman. 
Echinoderms. — Astropecten  Cotteswoldice,  Buckman,  and  Astro- 

pecten  Bakeri,  Buckm. :  a  single  specimen  of  the  latter  is  in  my 
cabinet  from  the  lower  beds  at  Minchinhampton ;  and  with  these  a 
large  series  of  shells,  amongst  which  are  Ammonites  gracilis,  Buckm., 

Belemnites  fusiformis,  Park.,  and  B.  Bessinus,  D'Orb. 
In  proof  of  the  fossil  riches  of  Great  Oolite  of  Minchinhampton 

alone,  the  following  enumeration  of  my  friend  Mr.  J.  Lycett  may 
not  be  out  of  place. 

Species. Conchifera       109 

Monomyaria        44 
Brachiopoda           8 
Gasteropoda         142 
Cephalopoda          9 
Radiata          9 

Total  determined  by  Mr.  Lycett.  .    .    321  species. 

6.  Bradford  Clay. 

Our  Bradford  Clay  may  be  described  as  a  yellowish  marl,  as  it 

always  contains  a  large  per-centage  of  lime  ;  sometimes  indeed  it  is  a 
loose  calcareous  sand :  it  rests  at  the  top  or  in  hollows  of  the  Great 
Oolite  limestones. 

In  Gloucestershire  this  bed  seldom  attains  to  the  thickness  of 

10  feet,  and  indeed  is  mostly  altogether  absent;  but,  when  so,  its 
position  is  indicated  by  an  irregularity  in  the  deposition  of  the  upper 
beds  of  the  Great  Oolite,  which  marks  the  commencement  of  the  new 
conditions  that  brought  in  the  thick  clays  and  siliceous  limestones  of 
the  Forest  Marble  deposit.  This  irregularity,  always  more  or  less 
observable,  may  be  regarded  as  the  point  of  oscillation,  indicating  a 
change  of  circumstance ;  and  thus  it  may  well  serve  as  a  natural 
boundary-line  of  the  Great  Oolite  and  Forest  Marble. 

The  position  of  the  Bradford  Clay  will  be  readily  made  out  by 
attention  to  the  Section,  PI.  VII. ;  and  the  graduation  from  the  Great 
Oolite  to  the  Forest  Marble  beds  is  well  seen  at  the  Hare  Bushes 

Quarry,  a  mile  east  of  Cirencester. 
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Section  of  the  Hare  Bushes  Quarry. 
ft.   in. 

a.  Blue  slabs,  on  the  hill  over  the  quarry.     (Forest 
Marble.) 

1.  Flaggy  oolite       2     6 
2.  Band  of  clay  and  marl       1     0 
3.  Flaggy  oolite       2     6 
4.  Marl,  full  of  Ostrea  Jurassica?          0     9 
5.  Flaggy  oolite,  as  No.  3       1     0 
6.  Marl        0     8 
7.  Oolitic  freestone,  white,  with  a  fine  grain,  cleaving 

obliquely  in  the  upper  beds ;  to  bottom  of  quarry    20     0 

It  should  be  remarked,  that  these  upper  bands  are  very  unfossili- 
ferous  ;  but,  when  fossils  occur,  they  are  mostly  those  of  the  Bradford 
Clay,  such  as  Terebratula  digona  and  T.  cardium ;  and  even  these  have 
not  as  yet  been  found  at  the  Hare  Bushes ;  indeed  it  is  curious  to 
observe,  that  to  the  north  and  east  of  Cirencester,  indications  of  the 

fauna  of  the  Bradford  Clay  are  rare,  if  not  absent ;  while  the  same 
horizon  to  the  west  and  south  of  that  place  will  present  beds  always 
charged  with  some  of  the  Bradford  Clay  species,  which,  in  as  far  as 
this  locality  is  concerned,  are  very  persistent  as  to  their  position. 

As  respects  the  fauna  of  the  Bradford  Clay,  it  will  be  found  of  a 
most  distinct  and  interesting  character.  A  section,  of  not  quite  8  feet 
in  thickness,  and  exposing  but  a  small  extent  of  surface,  yielded, 
according  to  Mr.  S.  P.  Woodward  (who  made  a  beautiful  collection 
from  this  bed),  a  large  list  of  fossils,  of  which  he  has  given  the 

following  census : — 

General  view  of  the  Bradford  Clay  Fossils  of  Cirencester, 
by  S.  P.  Woodward,  Esq.,  F.G.S. 

Radiata   species     29 
Corals   15 
Crinoids      3 
Starfishes         ] 

Sea-urchins   10 
Articulata          8 

Annelides         7 
Crustaceans       1 

Mollusca        42 
Conchifera   23 

Brachiopoda     10 
Gasteropoda         8 

Cephalopoda       1  * Vertebrata   26 
Fishes   19 

Reptiles      7 

Total  of  species. ...  105 

*  Since  the  above  list  was  made  out,  a  single  individual  of  a  new  Ammonite 
was  found  by  John  Coleman,  Esq.,  now  Professor  of  Agriculture,  and  Farm  Ma- 

nager, Royal  Agricultural  College. 
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Amongst  these,  the  following  species  may  be  especially  mentioned 

as  either  by  their  presence  or  quantity  marking  this  stratum  : — 
Apiocrinus  rotundus,  Park.  Rhynchonella  media,  M.  C. 
Serpula  grandis,  Goldf.  Avicula  costata,  M.  C. 

Terebratula  dig'ona,  M.  C.  Cardium  gibberuluin,  Phil.    coarctata,  M.  C.  Pecten  vagans,  M.  C. 
   cardium,  M.  C.  Astraea,  species. 

7.  Forest  Marble. 

Though  somewhat  irregular,  both  in  structure  and  thickness,  this  is 
tolerably  persistent  over  a  wide  tract  of  country  in  South  Gloucester- 

shire and  North  Wilts ;  in  the  neighbourhood  of  Cirencester  nearly 
all  the  heights  are  capped  with  this  stratum ;  and,  as  the  town  rests 
in  a  valley  of  depression,  to  be  more  fully  explained  hereafter,  it  will 
be  seen  that  Forest  Marble  Clays  are  the  water-bearing  beds  of  the 
town,  as  shown  in  the  sections  through  Cirencester. 

This  stratum  consists  of  sands,  clays,  and  cherty  limestones,  with 
occasional  thin  bands  of  a  tolerably  fine  and  much  ripple-marked  sand- 

stone ;  the  latter,  however,  being  only  what  in  other  places  are  loose 
sands,  have  become  indurated  from  some  local  and  peculiar  chemical 

cause ;  a  quarry  on  the  Somerford  road  presents  the  following  sec- 
tion : — ft.  in.  ft.  in. 

1.  Forest  Marble  clay     3     9     3.  Bed   of  fine  sand,   including 

2.  Forest  Marble  sandy  tile-  "potlids"    8     0 stones        4     0 

These  "pot-lids"  or  nodules,  which  sometimes  assume  most  curious 
shapes,  split  up  into  tiles  thin  enough  for  roofing-purposes ;  they 
seldom  include  fossils  of  any  kind,  and  indeed  the  siliceous  beds  of 
the  Forest  Marble  are  very  free  from  shells. 

The  ripple-marked  sandstones  are  exceedingly  interesting  as  afford- 
ing evidence  that  so  many  of  the  circumstances  attendant  upon  a 

modern  sandy  beach  were  in  full  operation  when  these  beds  were 
being  deposited ;  the  irregularities  on  the  surface  of  the  stone  are  the 

result  of  the  consolidation  of  the  "  ribbed  sea-sand,"  and  was,  as  now, 
due  to  the  tidal  wave,  or  arranged  by  the  action  of  the  wind.  The 
powdering  of  these  stones  with  a  carbonaceous  dust,  and  the  indenta- 

tions caused  by  the  tracks  of  Crustacea,  Conchifera,  and  Annelides,  all 
plainly  indicate  the  past  condition  of  the  sea-shore,  and  enable  us  to 
compare  the  past  with  the  present  with  great  exactitude. 

The  most  common  disposition  of  the  upper  beds  of  the  Forest 
Marble  may  be  gathered  from  the  following  sections, — premising, 
however,  that  each  section  will  differ  in  details ;  what  is  sand  at  one 

place  may  be  sandstone  at  another,  while  shales  and  marls  are  re- 
placed by  impure  limestone. 

Section,  Pool  Road  Bridge  on  Great  Western  Line,  4  miles  from 
Cirencester. 

ft.    in. 
1 .  Cornbrash        4     0 

2.  Forest  Marble  clay          3     0 
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ft.  in. 

3.  Forest  Marble  sandstones  and  impure  freestone  ....      1  6 
4.  Clay        1  6 
5.  Forest  Marble  ripple-marked  slabs        2  6 
6.  Clay  to  bottom  of  section        7  0 

Section  at  Ampney  Cruris,  near  Cirencester. 

1 .  Cornbrash    2  0 

2.  Forest  Marble  clay      3  0 
3.  Impure  freestone  with  oblique  lamination       3  6 
4.  Clay    1  6 
5.  Impure  freestone,  sometimes  sandy  and  ripple-marked  3  0 
6.  Clay,  with  occasionally  intervening  masses  of  impure 

freestone        6     0 

7.  Fissile  freestone,  breaking  up  obliquely  into  thin  slabs     2     0 

The  fossils  of  the  Forest  Marble  are  mostly  identical  with  those  of 
the  Great  Oolite,  and  hence  the  great  difficulty  attendant  upon  a 
zoological  division ;  however,  there  are  some  so  distinctive  as  to  lead 
to  the  hope  that  more  extensive  examinations  of  the  fauna  of  this 
rock  would  enable  the  geologist  at  once  to  identify  it,  even  where  the 
deposit  takes  on  the  oolitic  character. 

The  first  bed  of  clay,  after  passing  the  freestones,  introduces  us  to 

a  peculiarly  thin  smdjlat  species  of  Oyster*,  which  is  so  distinctive, 
and  in  such  quantity,  as  to  form  a  good  index  to  the  Forest  Marble 
Clay  all  about  this  district. 

The  slabs  of  stone  are  marked  by  the  presence  of  a  Mytilus  and 
Gervillia  very  distinct  from  Great  Oolite  species,  and  are  further 
distinguished  by  some  peculiarly  interesting  univalves. 

The  peculiarities  of  the  ripple-marked  sandstones  are  such  as  to 
render  them  easily  distinguishable  ;  for,  though  these  are  described  as 
much  like  the  Stonesfield  Slate,  yet  the  square  edge,  even  surface, 
and  fissile  nature  of  the  latter  are  far  different  from  the  rougher 
aspect  of  those  of  the  Forest  Marble. 

8.  Cornbrash. 

This  rock,  though  inconsiderable  in  thickness,  is  yet  one  of  the 
most  interesting  in  the  Oolite  series.  It  occupies  a  wide  tract  of 
country  in  South  Gloucester  and  North  Wilts,  commencing  about  a 
mile  from  Cirencester,  and  skirting  the  Oxford  Clay  as  far  as  Calne 
and  Chippenham  :  its  position  between  beds  totally  distinct  in  struc- 

ture, in  that  it  is  an  oolitic  limestone  between  two  thick  strata  of  clay, 
and  the  fact  that  it  re-introduces  a  large  number  of  Inferior  Oolite 
fossils,  are  remarkable  circumstances  in  the  natural  history  of  this 
deposit. 

It  is  a  bed  not  more  than  15  feet  in  thickness,  and  has  the  litho- 

*  May  not  this  extreme  thinness  of  shell  be  related  to  the  paucity  of  lime  in  the 
argillaceous  and  siliceous  matrix  with  which  they  are  surrounded  ?  The  marly 
Bradford  Clay  contains  an  Oyster  very  thick  and  rugose  in  its  shell,  and  with 
which  this  has  been  confounded. 
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logical  structure  of  an  Inferior  Oolite  ragstone,  being  similar  in 
structure  and  chemical  composition  to  the  Gryphite  and  Trigonia  grits 
of  the  Lower  Oolite  rock  ;  this  will  be  best  explained  by  the  follow- 

ing Table  of  Analyses  of  my  friend  and  coadjutor  Professor  Voelcker*. 

Analyses  of  Oolite-brashes,  by  Professor  A.  Voelcker. 

Carbonate  of  lime   

Magnesia     o.... 
Sulphate  of  lime     
Alumina   

Phosphoric  acid   
Soluble  silica   
Insoluble  siliceous  matter    . 
Alkaline  salts,  undetermined. 

Inferior 
Oolite. 

Great 
Oolite. 

89-20 

•34 •09 

414 

•06 

2-75 
3-27 

99-85 

95-346 

•739 

•204 

1-422 

•124 

1-016 

•533 

99-384 

Cornbrash. 

89-195 

•771 •241 

2-978 

•177 

1-231 4-827 

99-420 

It  will  be  seen  from  this  Table  that  the  carbonate  of  lime  is  of 

equal  amount  with  that  of  the  Inferior  Oolite  ;  and  hence,  in  as  far  as 
composition  is  concerned,  we  have  in  the  Cornbrash  a  limestone-bed 
occurring  in  the  midst  of  others  of  quite  different  character  ;  and  the 
result  of  a  recurrence  to  the  same  physical  conditions  has  been  a 

return  to  an  Inferior  Oolite  fauna  f,  even  after  a  lapse  of  time  suffi- 
cient to  have  formed  as  much  as  300  feet  of  rock  of  diverse  litholo- 

gical  structure,  each  rock  containing  its  own  set  of  fossils. 
Our  analytical  Table  also  shows  us  a  marked  difference  in  the 

quantity  of  phosphoric  acid  which  different  oolite-brashes  contain ; 
and,  as  the  term  Cornbrash  is  derived  from  its  agricultural  capabili- 

ties, these  with  other  considerations  seem  to  demand  a  consideration 

of  this  deposit  under  the  three  following  heads  :— 
1st.  Its  position  and  structure, 
2ndly.  Its  fossil  contents,  and 
3rdly.  Its  agricultural  peculiarities. 
1 .  Thin  as  is  the  Cornbrash,  it  occupies  a  considerable  horizon- 
tal extent ;  this  is  accounted  for  from  the  general  flatness  of  the 

country  to  the  south  and  east  of  Cirencester,  as  also  from  the  slight 
amount  of  dip  in  this  direction. 

About  two  miles  on  the  Cricklade  Road  in  the  line  of  section  (PL 
VII.)  is  a  quarry  which  gives  the  following  section,  and  has  yielded 
a  large  proportion  of  the  fossils  hereafter  to  be  tabulated. 

Corn- brash 

Section  on  Cricklade  Road. 

■    11.  Rubbly  incoherent  stone,  full  of  shells    .... 
.  \  2.  Hard  ragstone,  with  uneven  splintery  fracture 

3.  Forest  Marble  clay  ;  bottom  of  quarry. 

ft.   in. 
2     0 

8     0 

*  See  Proceedings  of  the  Cottesvvolds  Nat.  Club,  vol.  i.  p.  263,  &c. 
t  It  is  remarkable  that  every  fossil  figured  by  Phillips  in  his  '  Geology  of  York- 

shire '  illustrative  of  Cornbrash  equally  well  illustrates  the  Inferior  Oolite  of  Glou- cestershire. 
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Section  at  Shorncot,  near  Cirencester.  ft.  in. 

1 .  Soil,  mixed  with  clay-debris  of  Oxford  Clay       3  6 
2.  Cornbrash,  more  or  less  mixed  with  marly  bands    .  .  5  0 
3.  Ragstone,  to  bottom  of  quarry. 
Along  the  line  of  section  its  thickness  can  be  ascertained  with  the 

greatest  nicety,  as  the  slightest  depression  causes  the  growth  of 
rushes,  indicating  Forest  Marble  ;  and  here  deep  ditches  may  be 
observable  along  the  strike  of  the  latter,  which  are  useless  and  in- 

operative on  the  porous  Cornbrash. 

The  section  at  Mr.  E.  Bowly's  farm,  Siddington,  is  a  very  interest- 
ing one,  as  the  ground  is  considerably  faulted ;  the  fault  as  usual 

running  along  what  has  since  become  a  valley  of  denudation. 
The  upper  bed  of  this  rock,  when  fresh  quarried,  is  exceedingly 

hard,  but,  when  filled  with  fossils,  it  soon  crumbles  down  under  the 
action  of  the  atmosphere  ;  if,  however,  the  fossils  are  few  in  the  rock, 
it  remains  intact,  and  has  the  harsh  intractable  feel  of  the  rough 
Trigonia-grit  of  the  Inferior  Oolite,  which  it  so  much  resembles. 

The  lower  bed  bordering  on  the  blue  Forest  Marble  clays  are 
mostly  blue-centred,  but  usually  full  of  fossils,  which  is  seldom  the 
case  in  the  middle  of  this  thin  stratum. 

2.  This  rock  is  of  great  palseontological  interest,  not  only  from 
the  extensive  list  of  species  to  be  found  in  so  thin  a  bed,  and  the 
usual  great  abundance  of  these ;  but  principally  for  the  fact  that  so 
large  a  proportion  of  the  fossils  (and  those  too  of  commonest  occur- 

rence) are  identical  with  species  in  the  Inferior  Oolite ;  and  yet,  in 
as  far  as  my  observations  of  the  British  Oolites  have  extended, 
these  species  are  not  usually  to  be  traced  in  the  beds  intermediate 
between  the  Inferior  Oolite  and  the  Cornbrash. 

In  appending  an  analysis  of  these  fossils,  I  would  observe  that, 
though  this  bed  has  a  tolerably  wide  range  in  the  neighbourhood  of 
Cirencester  and  Fairford,  yet  it  is  astonishing  how  few  new  workings 
are  commenced, — the  fact  being,  that  the  stone  was  formerly  much 
used  for  road-material,  but  improved  transit  has  caused  better  mate- 

rials to  be  brought  from  a  distance ;  so  that  my  list  of  fossils  has 
been  made  up  from  a  few  and  very  shallow  openings.  The  follow- 

ing is  a 
Summary  of  the  Cornbrash  Fossils. 

Species  common 
Species  in  the  to  the  Inferior 

Cornbrash.      Oolite  and  the 
Cornbrash. 

Cephalopoda        8            6 
Gasteropoda          10            3 
Conchifera      30          21 

Brachiopoda*        8            3 
Echinodermata          8     .......     8 

Zoophyta           3             ? 
Annelida        4            4 

71          45 

*  This  is  the  number  according  to  Mr.  Davidson's  determination  ;  I  still,  how- 
ever, include  several  as  synonyms.     These  are  as  follow : — 
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Of  this  list  I  shall  only  here  remark  upon  the  Cephalopods  and 
Conchifers,  reserving  a  more  complete  list  of  the  whole  of  the  Corn- 
brash  species  for  a  future  paper. 

Of  these,  the  former  are  at  present  of  great  interest,  as  some  have 

endeavoured  to  maintain  that  the  Cephalopoda,  of  all  shells,  may 
be  confidently  appealed  to  as  marking  the  stratum  in  which  they 
occur  in  a  more  complete  manner  than  any  other  shells ;  but,  if  we 
apply  this  to  our  Cornbrash  specimens,  we  shall  see  that  such  an 
opinion  is  not  founded  on  extensive  observation ;  and  indeed,  as  we 
expect,  the  Cephalopoda  of  all  other  molluscous  animals,  being  more 
migratory,  and  being  inhabitants  of  deep  seas,  could  more  readily 
travel  than  other  families :  and,  though  6  out  of  8  in  the  follow- 

ing list  are  not  found  intermediate  between  the  Inferior  Oolite  and 
the  Cornbrash  in  British  geology,  we  have  still  no  evidence  that 
they  are  not  so  in  the  Continental  Jurassique.  At  the  same  time 
I  would  again  urge  the  fact,  that  English  geologists  have  been  too 
much  in  the  habit  of  giving  distinct  names  to  fossils  from  distinct 
rocks,  upon  the  assumption  of  a  change  which  did  not  alwavs  exist 
in  nature ;  and  thus  much  ingenuity  has  been  expended  on  species- 
making  by  local  observers  and  theoretical  geologists,  each  of  whom 
has  too  often  but  a  localized  theory  to  support. 

The  Cephalopoda  are  as  follows  : — 

Inf.  Oolite.    Cornbrash. 

Ammonites  Herveyi,  M.  C.    *  * 
   Brocchii,  M,  C.     *  * 
   subradiatus,  M.  C    *  * 
   Humphresianus,  M.  C.     *  * 
  ■  Jurensis?,  VOrb    *  * 
   discus,  M.  C    * 
Nautilus  truncatus,  M.  C.       *  * 

   inflatus,  D'Orb    * 

Here  then  the  evidence  is  just  the  opposite  to  that  advanced  in 
favour  of  the  new  Liasic  theory  (see  p.  103)  :  the  6  are  common  to 
lower  beds,  whilst  only  one,  A.  discus,  would  appear  to  be  peculiar  to 
the  Cornbrash  ;  were  this  rock  therefore  only  about  100  feet  from  the 
Inferior  Oolite,  it  must  upon  this  new  theory  be  considered  as  of 
Inferior  Oolite  age. 

As  regards  the  Conchifers,  I  have  appended  the  following,  most  of 
which  have  been  considered  peculiarly  to  mark  the  Inferior  Oolite*. 

Terebratula  obovata.  Terebratula  ornithocephala. 
   digona.     intermedia. 
   lagenalis.     maxillata. 
   sublagenalis. 

I  would  here  record  my  personal  obligations  to  Mr.  Davidson  for  his  excellent 
monographs  on  the  Braehiopoda,  as,  however  we  may  differ  as  regards  species,  all 
must  agree  that  the  forms  of  this  puzzling  family  are  depicted  and  described  with the  greatest  accuracy. 

*  See  note  at  p.  120. 
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List  of  Fossils  common  to  the  Inferior  Oolite  and  Cornbrash  of 

Gloucestershire* . 
1. 

Amphidesma  securiforme,  Phill. 12. Modiola  gibbosa,  M.  C. 
YorJc.     (Gresslya.) 13.    plicata,  M.  C. 

2.    decurtatum,  Phill.  YorJc. 14. Mya  literata,  M.  C. 3.    recurvum,  Phill.  York. 15. Ostrea,  undetermined    (perhaps 4. 
Astarte  excavata,  M.  C. several  species). 

5. Avicula  inaequivalvis,  M.  C. 16. Pholadomya  Murchisonse,  M.  C. 6. 
Cardium  citronoideum,  Phill.  York. t.  545. 

7. — —  dissimile,  M.  C. 
17. 
   gibbosa? 

8. 
  ,  undetermined. 

18. 
Plagiostoma  duplicatum,  M.  C. 

9. Isocardia  concentrica,  M.  C.   (Ce- 
19. Pecten. 

romya). 20. Trigonia  costata,  Park. 10.    minimaf,  M.  C. 21.    clavellata,  Park. 
11.  Lima  gibbosa,  M.  C.  491. 

The  only  fossils  I  have  yet  found  that  may  be  said  to  be  peculiar 
to  the  Cornbrash  are  the  Terebratula  obovata  and  T.  lagenalis,  and 
even  these  I  cannot  help  viewing  as  distinctive  in  name  only,  my 
series  of  these  shells  presenting  most  remarkable  gradations ;  how- 

ever, the  T.  obovata  by  its  quantity  and  allocation  may  confidently  he 
appealed  to  in  discriminating  this  stratum. 

3.  The  agricultural  peculiarities  of  Cornbrash  are  highly  inter- 

esting ;  usually  the  term  "  brash  "  is  one  of  reproach  ;  and,  if  a  farmer 
gets  a  good  crop  on  "  only  a  brash,"  he  is  not  a  little  proud  of  his 
management ;  here,  however,  the  term  points  out  this  rock  as  a  corn- 
bearing  brash,  and  this  is  in  itself  enough  to  show  that  a  different 
practical  value  had  been  set  upon  brashes  before  the  principles  in- 

volved had  been  fairly  made  out,  a  fact  which  may  be  gathered  from 
the  following  rent-charge  : — 

1st.  Rent  of  stonebrash,  Inferior  Oolite,  from    7s.  to  20*.  the  acre. 
2nd.         „  „  Great  Oolite,        „      14     „  25       „ 
3rd.         „  „  Cornbrash  „     20     „  40       „ 

If  we  look  at  the  average  yield  of  grain  per  acre,  we  shall  see  that 

this  difference  of  price  is  fully  justified : — 

Table  of  Produce. 

1.  Stonebrash, 
Inferior  Oolite. 

2.  Stonebrash, 

Great  Oolite. 3.  Cornbrash. 

Wheat      
Bushels. 
15  to  20 
25  to  30 
25  to  30 

Bushels. 
20  to  25 
30  to  35 
35  to  40 

Bushels. 
25  to  30 

40  to  45 
45  to  50 Oats     

If  we  seek  for  the  cause  of  these  results,  we  shall  at  once  find 
them  by  referring  to  the  analysis  before  quoted,  the  fact  being  that 
the  better  brashes  not  only  break  down  more  readily  under  the  action 
of  the  atmosphere,  but  they  also  contain  more  of  the  true  fertilizing 

*  See  also  Cotteswolds  Nat.  Club  Proceed.,  vol.  i.  p.  265. 
f  One  of  the  commonest  shells. 
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principles,  among  which  the  phosphatic  matter  is  held  to  be  the  most 
important ;  and  hence  we  may  conclude,  that  the  Cornbrash  is  more 
fertile  than  other  brashes  because  it  usually  contains  more  of  bones, 
or  the  principles  of  bones,  diffused  throughout  the  rock  ;  this  in 
itself  would  be  a  sufficient  answer  to  those  who  would  tell  us  that 

soils  are  but  little  indebted  to  geological  formations  for  the  qualities 

which  they  present, — a  fact  which  may  be  true  to  a  considerable 
extent  in  districts  where  the  rock  is  covered  up  by  local  drifts ; 
but  in  an  elevated  district,  like  the  Cotteswolds,  in  which  the  high- 
backed  hills  present  their  washed  and  waterworn  sides  for  farm- 
operations,  we  shall  find  that  geological  lines  can  be  made  out  with 
the  greatest  possible  accuracy  by  peculiarities  both  in  wild  and  cul- 

tivated vegetation ;  and  indeed  we  know  that  the  very  plantation  of 
dwellings  has  been  guided  by  similar  circumstances,  a  fact  which 

has  been  partially  dwelt  on  in  the  description  of  the  Fuller's  Earth, 
p.  111. 

10.  Oxford  Clay  with  Kelloway  Rock  (9). 

This  rock  may  be  first  traced  on  the  top  of  the  Cornbrash  in  a 
range  of  low  hills  a  little  to  the  south  of  Cirencester,  as  at  Sidding- 
ton,  Driffield,  and  South  Cerney ;  and  these  form  the  advanced 
guard  of  a  sub-formation,  which,  still  further  to  the  south,  takes 
up  a  wide  range  of  country,  and,  in  its  turn,  forms  the  slightly- 
raised  terrace  by  which  the  chalk-hills  of  Wiltshire  are  reached.  In 
the  line  of  section,  PI.  VII.,  this  rock  is  traced,  with  the  slightest 
ascertainable  dip,  to  the  top  of  Blunsdon  Hill,  making  altogether  a 
thickness  of  from  450  to  500  feet ;  and  here  it  is  overlaid  by  a  mass 
of  Coral-rag  :  but  in  the  deviation-line  (Section,  PI.  VII.)  to  Swindon, 
at  C,  the  Coral-rag  appears  to  be  abseut,  or  to  occur  only  in  slight 
patches,  and  then  the  country  is  taken  up  with  Kimmeridge  Clay. 
Hence,  then,  the  Kimmeridge  and  Oxford  Clays  often  come  toge- 

ther, so  that  it  is  almost  impossible  in  this  district  to  make  out  their 
line  of  demarcation.  However,  as  we  shall  hereafter  see,  where 

either  is  in  force,  they  can  easily  be  distinguished  by  well-marked 
fossils  ;  and,  indeed,  even  stages  of  these  clays  can  be  made  out, 
not  by  drawing  the  line  too  tightly,  and  rashly  concluding  from  single 
fossils,  but  by  a  greater  or  less  prevalence,  or  some  peculiar  admix- 

ture, of  ascertained  forms. 
The  following  is  a  general  section  of  the  Oxford  Clay,  as  it  occurs 

in  its  northern  extension  : — 
feet. 

60 3.  Beds  of  dark  blue,  clunchy  clay,  very  stiff,  and  highly  1 

tenacious  =  the  "oak-tree  clay"  of  Smith  ....  about  J 
2.  Thick  bed  of  dark-blue  or  ash-coloured  shales      50 

1.  Sandy  clay  beds,  with  occasional  nodules  of  hard  stone  1     ,.^ 
inclosed  in  sand  and  rich  in  fossils,  =  Kelloway  rock.  J 

In  these  beds  the  following  fossils  will,  for  the  most  part,  be  found, 
in  the  distribution  indicated  by  the  figures,  though  it  must  be  under- 
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stood  that  here  only  the  most  significant  are  given,  the  fossils  of  this 
rock  being  much  more  numerous  than  is  generally  thought*  : — 

3.  Ammonites  Mariae,  D'Orb.  Ammonites  Duncani,  M.C. 
        Athleta,  Phill.  Belemnites  hastatus,  Blainville. 
        Goliathus,  D'Orb.          Puzosianus,  D'Orb. 

2.  Ammonites Gulielmi, M.C. ")  ?Jason  Ammonites  Chamouseti,  D'Orb. 
        Elizabeths,       V  'Zieten '  Gryphsea  dilatata,  Phill. Pratt.         J 

1.  Ammonites  Calloviensis,  M.  C.  Terebratula  ornithocephala,  M.  C. 
          Koenigi,  M.  C.  Trigonia — costated    and    clavel- 
          sublaevis,  M.  C.  lated  forms. 
         Goweriamis,  M.  C. 

The  agriculture  of  the  Oxford  Clay  is  very  variable  ;  where  good 
farming  prevails,  and  the  necessary  preliminary  expenses  incident  to 
draining  and  otherwise  ameliorating  the  mechanical  texture  of  the 
subsoil  have  been  entered  into,  highly  rich  tracts  of  land  are  seen ; 
but  where  these  have  been  neglected,  as  in  the  well-known  Forest  of 
Braydon,  there  will  be  found  some  of  the  stiffest  and  poorest  land 
in  the  country  :  this  latter  circumstance,  coupled  with  the  occur- 

rence of  occasional  deposits  of  lignite  in  the  thick  clay-beds,  has 
for  centuries  led  to  futile  workings  for  coal,  which  are  not  aban- 

doned even  in  the  present  day.  A  century  since,  a  working  of  this 
kind  was  commenced  in  the  Oxford  Clay  at  Malmesbury,  and,  after 
sinking  a  shaft  a  little  more  than  100  yards,  the  works  were  abandoned 
— at  the  instance,  it  was  said,  of  proprietors  in  the  Somerset  coal-dis- 

trict, "  fearing  lest  the  new  works  would  injure  them  by  competition ;" 
and  a  short  time  since  the  recommencement  of  the  works  was  agitated: 
but  it  may  be  interesting,  as  marking  what  a  century  has  done  in 
this  direction,  to  know  that,  previously  to  deciding  upon  so  doing, 
the  opinion  of  a  geologist  was  sought  in  the  matter ;  and,  as  I 
happened  to  be  chosen  to  make  a  report  upon  the  subject,  it  will 
not  be  wondered  at,  that  I  should  recommend  the  works  to  be 
abandoned.  However,  people  still  think,  from  the  wild  aspect  of 
much  of  the  country  occupied  by  the  Oxford  Clay — simulating,  as 
it  does,  the  appearance  of  a  district  in  which  mining  and  manufac- 

turing has  injured  vegetation  and  caused  agriculture  to  be  neglected 
— that  the  surface  indicates  mining-ground  ;  and  some  of  the  lignite 
got  out  of  the  clay  in  the  section  made  for  the  Great  Western 
Railway  is  still  preserved  as  good  evidence  of  coal  by  some,  who, 
occasionally  finding  similar  lignite  in  the  clay  in  brick-fields  and 

elsewhere,  credulously  say,  "if  coal  is  so  good  and  so  thick  near 
the  surface,  how  much  thicker  may  it  not  be  found  at  the  depth  of 

a  mine !" 11.  Coral  Rag. 

This  rock  will  be  seen  represented  in  Section,  PI.  VII.,  at  the  top 
of  Blunsdon  Hill,  where  it  attains  the  thickness  of  about  15  feet ; 
and  in  the  deviation  to  Swindon  small  exhibitions  of  the  stratum  may 

*  A  full  list  of  these,  it  is  hoped,  will  be  given  hereafter :  there  are  many  new forms. 
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be  marked :  in  travelling  along  the  Great  Western  line  of  railway, 
a  section  may  be  observed  in  deep  cutting  a  little  to  the  north  of 
Swindon.  Indeed,  the  Coral-rag  may  be  occasionally  observed 
capping  the  minor  hills  in  advance  of  the  long  chain  of  the  Wilt- 

shire chalk-range.  Occasionally,  though  our  sections  and  those 
of  Lonsdale  and  Fitton  would  make  it  appear  that  the  Coral-rag 
is  a  continuous  stratum,  having  the  Oxford  Clay  below  and  the 
Kimmeridge  Clay  above,  it  seems  in  North  Wilts  to  occupy  only 
hummocks,  and  to  be  sometimes  wanting  altogether,  when  the  line 
of  demarcation  between  the  two  clays  just  named  is  exceedingly 
difficult  to  determine.  The  district  now  under  review,  however,  is 

not  the  best  in  which  to  study  this  bed,  as  it  is  here  only  par- 
tially developed,  and  its  accompanying  drifts  of  the  Calne  district 

are  entirely  absent :  in  the  words  of  Lonsdale,  "  The  rubbly  oolite 
constitutes  the  greater  part  of  the  Coral-rag  of  Wiltshire ;  it  is 
formed  of  a  nodular  limestone  of  an  earthy  aspect,  a  brownish, 
yellowish,  or  blueish  white  colour,  and  abounds  with  fragments  of 

echini  and  shells*."  This  very  well  describes  the  rock  of  my section. 

Thin  as  the  stratum  is  in  this  district,  it  is  very  rich  in  fossils, 
and  amongst  others  found  at  Blunsdon  are  the  following 

Corals. 
Thecosmilia  annularis         ^ 

^^Ddabech"  See  Mo™SraPh  by  Edwards  and 

Thamnast'rL'arachnoides   (      Haime  (Palaeontographical  Society). Isastraea  explanata  _, 

Echinoderms.f 

Cidaris  Blumenbachii,  Munster.  Diaderaa  subangulare,  Goldfuss. 
Diadema  depressura,  Agassiz.  Nucleolites  dimidiatus,  Phill.% 

Bivalve  Shells. 
Modiola  inclusa§,  ] 
Pecten  insequicostata,      >  Phillips. 
Crassina  ovata,  J 

Univalves. 

Turbo  muricatus,  Geol.  York.,  pi,  iv.  f.  14. 
   funiculatus,  id.  pi.  iv.  f.  11. 
Turritella  muricata,  id.  pi.  iv.  f.  8. 

Ammonites. 

Ammonites  perarmatus||,  M.  C.  t.  352.        Ammonites  triplex,  M.  C.  t.  292. 

It  is  worthy  of  note  that  the  Brachiopoda  seem  not  to  be  represented 
in  the  Coral-rag. 

*  Lonsdale  on  tbe  Oolite  District  of  Bath,  Geological  Society  Transactions, 2nd  ser.  vol.  iii.  p.  241,  &c.     Read  6th  Feb.,  1829. 
f  The  species  are  so  common  as  to  be  found  in  handfuls ;  the  test,  however, 

is  difficult  to  obtain  perfect. 
X  Sometimes  occurring  in  masses. 
§  Abundant  in  galleries  in  the  corals. 
II  This  and  the  following  are  frequently  of  great  size. 
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Now,  if  we  review  the  disposition  of  the  masses  of  this  rock,  and 
examine  its  structure,  we  shall,  I  think,  conclude  that  it  was  not 

deposited  continuously  on  a  uniform  sea-bottom,  but  in  separated 
lumps, — by  the  peculiar  method  of  working  of  the  coral-animal, 
to  whose  labours  this  bed  is  mainly  due,  and  under  circumstances 
in  all  probability  similar  to  those  of  our  modern  coral-reefs.  This, 
however,  would  of  itself  induce  in  the  then  existing  sea  a  phy- 

sical change  of  condition,  which  had  its  influence  on  the  succeed- 
ing deposit,  namely,  the  Kimmeridge  Clay.  The  latter,  though  differ- 
ing slightly  from  the  Oxford  Clay  with  which  it  is  in  contact,  as  on 

the  road  from  Blunsdon  to  Swindon,  is  marked  by  a  good  set  of 
fossils  :  these  at  times  are  the  only  guide,  as  the  colour  of  both  the 
Oxford  and  the  Kimmeridge  Clay  is  very  variable,  and  besides,  through- 

out their  whole  extent,  both  are  remarkable  for  the  quantity  of  fine 

crystals  of  selenite  diffused  through  them  ;  these  very  large  at  Ash- 
ton  Keynes,  in  the  lower  beds  of  the  Oxford  Clay ;  and  the  Kim- 

meridge Clay  at  Swindon  is  full  of  beautiful  crystalline  groups  of 
sulphate  of  lime. 

12.  Kimmeridge  Clay. 

Along  the  line  of  section,  both  in  its  direction  to  Swindon 
and  Wanborough,  this  deposit  will  be  seen  to  succeed  the  Oxford 
Clay,  of  which,  indeed,  it  may,  as  far  as  the  district  under  review 
is  concerned,  be  considered  as  the  upper  beds,  having  the  Coral-rag 
as  an  occasionally  interpolated  and  local  deposit. 

The  Kimmeridge  Clay  occupies  a  wide  range  of  flat  country  around 
the  hill  on  which  Swindon  stands,  and  here  it  is  a  dark,  lead-coloured, 
unctuous  clay,  of  a  shaly  consistence  when  first  dug ;  the  layers 
of  the  clay  are  parted  by  white  nacreous  matter,  the  only  remains 
of  thousands  of  Ammonites  and  other  shells,  which  are  only 
locally  preserved.  Every  bed  of  clay  that  I  have  examined  about 
New  Swindon,  where  it  is  largely  worked  for  brick-making,  is  full 
of  crystals  of  selenite,  and  no  less  remarkable  for  the  quantity  of 
Trigonellites  latus,  valves  of  which,  all  sizes,  are  best  studied  here. 

The  Kimmeridge  Clay  at  this  place  may  be  divided  into  two 

stages : — 
2.  The  upper  one  of  dark  shales,  in  which  Trigonellites  latus, 

Exogyra  virgula,  and  Ammonites  prevail. 
1 .  The  lower  of  lead-coloured  and  blue  clays,  full  of  large  masses 

of  Ostrcea  deltoidea  and  abundant  sheaths  of  Belemnites  excentricus, 
Blainville,  often  of  very  large  size. 

The  following  list  of  fossils  is  by  no  means  complete,  and  is  only 
offered  as  evidence  of  the  prevailing  facies. 

Reptilia. — A  species  of  Pliosaurus,  of  immense  size  ;  fine  portions 
of  this  are  in  the  museum  at  Cirencester,  and  in  that  of  the  Royal 
Agricultural  College. 

Belemnites  excentricus,  Blain.  Ammonites  serratus,  M.  C. 
         Beaumontianus,  D'Orb.         Goliathus,    Ter.    Jurass. 

Trigonellites  latus,  Fitton,  Mem.  t.  23,  t.  195. 
f.  n.    Sallierianus,  id.  t.  208. 
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Rhynchonella  inconstans,  M.  C.  Panopaea  depressa,  id.  t.  23,  f.  9. 
Ostraea  deltoidea,  M.  C,  occurring  in  Serpula  variabilis,  Fitton,  Mem.  t.  23, 

masses.  f.  7. 

Exogyra  virgula,  Fitton,  Mem.  t.  23,                triseriata,  id.  t.  23,  f.  8. 
f.  10. 

13.  Portland  Oolite. 

Swindon  Hill,  in  the  line  of  section,  PL  VII.,  may  be  described  as 
an  isolated  mass  of  Portland  Oolite,  capped  with  the  lower  beds  of  the 

Wealden  (Purbeck)  series.  This  Oolite  by  no  means  occupies  a  con- 
tinuous line  along  the  base  of  the  Wiltshire  Hills,  as  the  section 

through  Stratton  St.  Margaretts  shows  it  to  be  entirely  absent  along 

that  line,  where  the  chalk-group  rests  immediately  upon  the  Kim- 
meridge  Clay.  As  shown  by  Dr.  Fitton,  the  Portland  Oolite  is 

exceedingly  patchy  ;  and  the  map  illustrating  his  memoir  "  On  the 
strata  below  the  chalk*"  well  shows  the  isolated  masses  of  this  rock 
in  Wiltshire. 

The  Portland  rock  seems  to  have  been  the  first  upraised  land  from 

the  oolite-sea,  and,  as  such,  formed  a  theatre  for  the  dwelling  of  land 
and  fresh-water  existences  which  mark  the  Wealden  deposits  :  hence, 
the  Wealden  would  be  forming  on  the  isolated  peats  of  Portland 
at  the  same  time  that  Greensand  and  Gault  were  being  deposited 
in  the  surrounding  seas ;  thus  affording  an  example  in  proof  that 
stratigraphical  schemes  which  represent  such  beds  as  the  Wealden, 

when  on  the  top  of  the  Portland  Oolite,  Coral-rag,  and  Bradford  Clay 
(to  confine  our  remarks  to  the  Oolites),  as  of  different  age  from  the 
beds  surrounding  them,  is  not  always  correct.  This  view  is  founded 
upon  the  fact,  that  Portland  Ooolite,  with  only  a  capping  of  Wealden, 
occurs  in  North  Wilts  in  occasional  knolls  or  sub-hills  ;  but,  where  it 
is  absent,  the  continuity  of  the  succeeding  beds  is  not  at  all  altered, 
nor  their  conform  ability  interfered  with. 

The  Portland  Oolite  has  been  much  denuded  since  its  deposition, 

and  upon  its  washed  surface  the  dirt-bed,  which  dips  into  its  hollows 
and  fissures,  has  left  its  remains,  as  seen  in  the  section  at  Old  Swin- 

don Hill. 

The  following  sections  will  give  a  tolerably  correct  notion  of  the 
composition  of  the  Portland  rock  at  Swindon,  the  furthest  limit 
of  our  observations  in  this  memoir : — 

A  Section  of  the  Upper  Beds  at  the  large  Stone-quarry. 
ft.  in.  ft.  in. 

6.  Clay  8  0     -\  ̂     .    r  2.  Brownish  Marl,   mixed 
5.  White  Marl-stone  2  6       1  J  -|    I         with  pebbles    and  gra- 

4.  Band  of  Clay  1  0       f  £  £  "S  vel,  containing  vegetable 
3.  White  Marl- stone  3  6     J  Phw    ̂        matter.     (  =  Dirt-bed.)     3     0 

1.  Sandy  Oolites  with  thick  beds  of  sand:  the  sand  in  oblique       ft.    in. 
laminae :  to  the  bottom  of  the  quarry  20     0 

The  next  section  illustrates  the  nature  of  a  sand-  and  stone-quarry 
at  the  base  of  Swindon  old  town  :  — 

2.  Portland  building-stone,  about  10  feet. 
1.  Portland  Sands,  with  thin  partings  of  stone,  about  25     „ 

*  Trans.  Geol.  Soc.  2nd  ser.  vol.  iv.  p.  103,  &c. 
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From  these  data  I  infer  that  the  Portland  Oolite  at  Swindon  is  about 

40  feet  in  thickness,  and  capped  by  about  18  feet  of  Wealden  beds. 
It  is  not  my  intention  to  enter  into  a  discussion  about  the  Wealden 

character  of  these  upper  beds*  ;  I,  however,  quite  agree  that  they 
are  simply  the  outliers  of  a  rock  which  assumes  great  importance 
farther  south,  as  in  the  Vale  of  Wardour,  where  they  have  been  so 
successfully  worked  and  ably  described  by  Dr.  Fitton  and  my  friend 
the  Rev.  P.  B.  Brodie. 

As  regards  the  fossils  of  the  Portland  rock,  these  will  be  found  to 
be  highly  typical  of  an  Oolitic  deposit ;  and,  if  they  be  compared 
with  those  of  the  true  Chalk,  the  latter  would  seem  to  indicate  a 

sudden  and  extraordinary  change  in  the  fauna ;  the  passage  is,  how- 
ever, after  all,  tolerably  gradual  from  the  Oolites  to  Chalk,  through 

the  medium  of  the  Greensand,  such  fossils  as  the  Trigonia,  Pano- 
paa,  Cardium,  Pinna,  and  Perna  being  at  least  important  genera 
common  to  both  Greensand  and  Portland  Oolite. 

The  following  list  of  fossils  of  the  Portland  at  Swindon,  all  of 
which  I  have  obtained  from  the  large  quarry,  are  mostly  determined 

from  Dr.  Fitton' s  list  and  illustrative  engravings ;  they  consist  of 

Ammonites  giganteus,  M.C.  Trigonia  gibbosa,  Fitton,  pi.  22,  f.  4. 
         biplex,  M.  C.       species  ? 

Terebra  Portlandica,  Fitton,  Mem.  pi.  Lucina  Portlandica,  id.  pi.  22,  f.  12. 
23,  f.  6.  Cytherea    rugosa,    Fitton,    pi.    22, 

Natica  elegans,  id.  pi.  23,  f.  3.  f.  13. 
Buccinum  naticoides,  id.  pi.  23,  f.  4.  Cardium  dissimile,  M.  C. 
  angulatum,  pi.  id.  23,  f.  5.  Perna  quadrata,  M.C. 

Nerita  angulata,  id.  pi.  23,  f.  2.  Panopaea  depressa,  M.  C. 
Trigonia  incurva,  Benett,  Wiltsh.  Foss.  Pecten  lamellosus,  M.  C. 

t.  18,  f.  2. 

Large  masses  of  coniferous  wood  are  often  found  on  the  Portland 
measures ;  and  occasionally  well-preserved  trunks  of  trees  are  ex- 

humed at  the  Swindon  quarries. 

Here,  then,  I  must  content  myself  for  the  present  with  having 
described  the  more  general  characteristics  of  all  the  members  of  the 
Oolitic  series  of  rocks ;  it  will,  however,  be  seen  that  the  discussion 
of  physical  changes,  such  as  a  description  of  the  many  faults  by 
which  the  country  under  review  is  intersected,  the  facts  connected 
with  our  numerous  valleys  both  of  denudation  and  depression,  the 
drifts  by  which  the  country  is  overspread,  and  which  are  so  diverse 
in  character,  and  other  interesting  physical  phenomena  have  been, 
for  the  most  part,  unnoticed.  This,  however,  is  not  from  inatten- 

tion to  such  important  matters,  but  from  want  of  time  to  put  my 
notes  together ;  and  so,  for  such  matters,  as  also  for  a  comprehensive 
list  of  fossils  of  the  Oolites,  now  in  course  of  preparation,  I  must 
beg  indulgence  until  the  next  session  of  our  Society ;  indeed,  from 

*  Besides  Dr.  Fitton's  paper  above  referred  to,  see  Mr.  Brodie's  and  Mr.  Aus- 
ten's Notices  of  these  beds,  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  53,  and  vol.  vi. 

p.  467. 
VOL.  XIV.   PART   I.  K 
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the  length  of  this  paper,  these  subjects  may  well  form  a  future  com- 
munication. 

I  would  now,  therefore,  conclude  with  the  hope  that  the  present 
paper  may  not  be  without  interest,  at  the  same  time  that  I  would 
earnestly  beg  the  kind  indulgence  of  the  Geological  Society ;  since 
the  many  calls  upon  my  time  have  prevented  my  rendering  the  sub- 

ject so  complete  as  I  could  wish. 

3.  On  the  Geology  of  the  Southern  Part  of  Andalusia, 
between  Gibraltar  and  Almeria.  By  Professor  D.  T.  Ansted, 
M.A.,  F.R.S.,  F.G.S. 

[The  Publication  of  this  paper  is  unavoidably  deferred.] 

[Abstract.] 

The  object  of  the  author  in  this  memoir  was  to  direct  attention  to 
several  points  of  interest  and  importance  in  the  Geology  of  the  south 
of  Spain.  These  had  reference  to  deposits  of  various  ages,  including 
the  metamorphic  rocks,  both  of  the  Sierra  Nevada  and  the  coast. 

1 .  The  mica-schists  of  the  Sierra  Nevada  form  a  well-marked  series, 
limited  in  position  to  the  higher  elevations.  They  are  garnetiferous, 
and  traversed  by  veins  of  serpentine.  Bands  of  quartz  alternate  with 
the  schists.  On  the  south-west  side  deposits  of  highly  argentiferous 
copper-ore  have  been  recently  worked,  but  they  appear  to  be  irregu- 

lar. Specimens  of  greenstone  were  discovered  by  the  author  on  the 
north  side  of  the  Sierra,  but  not  in  situ,  and  no  such  rock  has  been 
described.  On  the  north  side  the  mica-schist  is  covered  towards  the 
west  by  limestone,  highly  crystalline,  and  recently  found  to  contain 
deposits  of  galena.  Over  these  are  thick  beds  of  marl  and  calcareous 
beds  of  tertiary  date,  and  irregularly  over  all  is  detritus  of  a  com- 

paratively recent  period.  On  the  south  side  is  a  deep  ravine,  thick 
beds  of  shale  occupying  the  space  between  the  schists  and  the  lime- 

stones of  the  Sierra  de  Gador,  long  celebrated  for  numerous  and  rich 
lead-mines.  Beyond  the  limestone  to  the  south  are  metamorphic 
schists  (not  micaceous),  and  in  some  places  the  contact  of  the  lime- 

stones and  these  schists  is  marked  by  a  gradual  transition.  These 
schists  are  continued,  with  little  break,  parallel  to  the  coast,  and 
at  no  great  distance  from  it,  for  at  least  a  hundred  miles  ;  and  at 
intervals  they  contain  deposits  of  copper-ore  not  argentiferous.  Near 
Malaga  the  author  has  observed  a  gradual  passage  from  these  schists 
into  a  conglomerate,  and  thence  into  the  triassic  and  Jurassic  deposits 
subsequently  described.  The  schists  are  argillaceous  and  chloritic, 
and  as  well  as  the  mica-schists  are  traversed  by  serpentine- veins.  No 
organic  remains  have  been  discovered  in  any  of  the  schistose  beds. 

2.  Over  the  schists  on  the  coast,  a  little  to  the  east  of  Malaga,  at 
a  point  where  there  is  a  dislocation,  a  foetid  magnesian  limestone  is 
presented  to  view,  and  is  regarded  by  the  author  as  Permian.  This 
limestone  is  black,  semi-crystalline,  unfossiliferous,  entirely  distinct 
from  the  dolomites  of  the  Sierra  de  Mijas  adjacent,  and  is  immediately 
overlaid  by  a  group  of  shales  and  sandstones,  at  the  top  of  which  is 
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the  calamite-grit  next  alluded  to.  It  corresponds  in  position  with 
the  conglomerates  or  passage-beds  between  the  shales  and  red  sand- 

stones near  Malaga. 
3.  Above  the  magnesian  limestone  just  described,  or  immediately 

over  the  conglomerates,  the  author  observed  a  considerable  series  of 
whitish  marly  sandstones,  marls,  red  sandstones,  white  sandstones 

with  vegetable-markings  and  occasional  lenticular  masses  of  gypsum, 
extending  along  the  coast  from  some  distance  west  of  Malaga  to  the 
eastern  side  of  the  Sierra  Nevada.  Near  Malaga,  at  one  spot,  cala- 
mites  (Equisetites)  have  been  obtained  from  a  quarry  of  white  sand- 

stone used  for  building-purposes,  near  the  top  of  the  series.  Speci- 
mens of  these  were  exhibited.  A  band  of  lignite  of  no  value  has 

been  opened  in  the  lower  part  of  the  red  sandstone  series,  near  the 
hill  of  San  Telmo. 

4.  Next  in  order  are  the  blue  and  black  limestones  of  the  Sierra 
de  Gador,  and  others  of  the  north  side  of  the  Sierra  Nevada,  both 

passing  into  whiter  and  cream-coloured  limestones  towards  the  west, 
and  in  the  neighbourhood  of  Gibraltar  becoming  pale,  clear,  and  semi- 
crystalline.  A  few  fossils  have  been  found  in  this  limestone  at  Gib- 

raltar, some  of  which  were  shown.  Others  have  been  met  with,  but 
very  rarely,  at  intermediate  points  between  Gibraltar  and  Granada. 
Although  the  limestones  of  the  Sierra  de  Gador  and  others  in  that 
vicinity  are  highly  crystalline  and  metamorphosed,  and  are  traversed 
by  large  veins  and  fissures  containing  enormous  deposits  of  galena, 
the  author  is  satisfied  that  they  are  not  more  ancient  than  the 
middle  secondary  period,  and  form  a  continuous  series  along  the 
whole  line  of  coast. 

5.  Cretaceous  rocks  have  been  described  on  the  summit  of  San 

Anton,  a  few  miles  from  Malaga,  and  they  are  believed  to  range  into 
the  interior.  The  author  described  the  appearance  of  the  red  marble 
of  San  Anton,  containing  Belemnites,  which  are  not  yet  specifically 
determined. 

6.  Older  tertiaries  are  known  to  exist  near  Malaga.  The  author 

described  a  peculiar  calcareous  breccia,  forming  a  semi-crystalline 
bed  of  limestone,  reposing  on  the  cretaceous  and  Jurassic  rocks,  near 
Malaga,  and  covered  by  a  very  perfect  compact  oolitic  limestone, 
capable  of  taking  a  high  polish,  and  almost  a  marble.  This  bed  lies 
over  the  limestone-breccia,  and  beneath  or  alongside  a  foraminifera- 
bearing  limestone,  composed  of  Orbitoides  and  Alveolina,  and  also 
extremely  compact.  It  belongs  to  the  Nummulitic  limestone  series. 
It  was  traced  by  the  author  to  some  distance. 

7.  The  vicinity  of  Malaga  presents  a  large  space  occupied  entirely 
with  newer  tertiary  rocks,  and  these  extend  at  intervals  up  the  water- 

courses and  river-valleys,  and  along  the  coast  both  east  and  west. 
They  have  been  already  described  to  some  extent  by  Col.  Silvertop 
and  other  geologists,  but  it  is  only  lately  that  the  author  was  enabled 
to  discover  beds  richly  fossiliferous,  which  will  enable  the  Palaeonto- 

logist to  decide  absolutely  with  regard  to  the  relative  age  of  these 
rocks.  The  following  sequence  of  the  rocks  belonging  to  the  newer 
tertiary  and  recent  periods  is  suggested  by  the  author  as  justified  by 

k  2 
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the  rocks  in  the  south  of  Spain,  and  likely  to  be  useful  for  future 
reference. 

Recent       River-detritus. 

jAnagd^  Sla!?   !?d  °th'r}  Coast  near  Malaga. 
Raspd  1  paohes    J  ̂ne  wn^e  san(^   an(^  pebbles  without  I  Guadalmedina, organic  remains   f     banks  of. 

j  Marly  incrustations  with  numerous  re- 1  «.     Catalina 
L     cent  shells    J 

"Coarse  gravel  with  sand  and  pebbles...  \  Caleta and Jabonero 
fossiliferous   J      arroyos. 

Marly  sands  with  land,  freshwater,  aud- 
Upper  Tertiary.  ̂       rolled  fossils    

Blue  clay  and  marl  loaded  with  forami-  >  Tejares  beds, 
nifera,  univalve  and  bivalve  shells,  and 

bones  of  large  pachyderms.  ■*' 

I  T    H         J  Nummulitic  limestone, ower    er  i  ry.  -y  q0^c  iimest0ne  and  limestone-breccia. 

The  Tejares  (or  Brick -pit)  beds  consist  of  whitish  sandy  marls, 
with  land  and  freshwater  fossils  overlying  other  sandy  marls,  and 
blue  marly  clays  loaded  with  foraminifera,  and  in  many  places 
abounding  with  fossil  shells,  both  univalves  and  bivalves,  in  a  perfect 
state  of  preservation.  Fragments  of  a  jaw  and  vertebra  of  Rhino- 

ceros, believed  by  Dr.  Falconer  to  be  R.  megarhynchus,  were  exhibited 
at  the  meeting.  The  author  has  since  received  fragments  of  a  large 
cetacean,  and  has  been  informed  that  very  perfect  remains  of  fishes 
have,  been  found.  The  author  brought  home  a  large  collection  of 
these  fossils,  for  which  he  was  mainly  indebted  to  the  active  coopera- 

tion of  an  English  lady,  resident  in  Malaga.  He  was  also  assisted  by 
Don  Antonio  Linera  and  Don  Pablo  Prolongo,  both  of  Malaga.  The 
result  of  the  minute  examination  of  these  fossils  will  be  communicated 

later,  but  they  seem  to  place  the  deposit  amongst  those  of  the  Sub- 
Apennine  period,  the  newest  being  probably  not  far  distant  in  time 
from  the  newer  tertiary  deposits  of  Montpelier  and  Perenas,  recently 
described  by  Christol.  The  beds  of  this  group  are  laid  bare  at  various 
places  in  the  Vega  or  Plain  of  Malaga,  and  always  present  the  same 
character.  They  have  been  subjected  to  elevation  and  are  tilted  at 
a  small  angle  in  various  places,  especially  near  the  hills  of  triassic  and 
Jurassic  rock  in  the  interior. 

The  Caleta  deposits  (so  called  from  the  arroyo  or  river-bed  in 
which  they  are  seen)  consist  chiefly  of  sand-  and  pebble-beds,  loaded 
with  fossil  shells,  chiefly  confined  to  a  few  species  of  Pecten  and 
Ostrea,  but  including  other  bivalves  and  some  univalves.  These  de- 

posits are  traceable  up  the  bed  of  the  Caleta  for  about  a  mile,  and 
are  also  seen  in  the  bed  of  the  Jabonero,  and  in  a  plain  that  extends 
on  its  left  bank.  They  are  far  less  rich  in  species  than  the  Tejares, 
but  there  are  often  beds  entirely  consisting  of  Pectens  or  Oysters, 
mixed  only  with  a  little  loose  sand. 

The  Catalina  beds  consist  of  a  thin  coating  of  hardish  marly  lime- 
stone, containing  a  few  fragments  of  Pectens  and  other  shells, 

little  if  at  all  different  from  those  living  in  the  adjacent  seas,  but  at 
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a  level  of  50  feet  or  more  above  that  of  the  Mediterranean.  These 

beds  cover  immediately  the  Jurassic  limestones  without  the  interven- 
tion of  any  other  tertiaries,  and  may  probably  be  regarded  as  raised 

beaches. 

The  true  raised  beaches  of  sand,  pebbles,  and  angular  fragments, 
chiefly  of  slate-rock,  are  well  exhibited  close  to  Malaga  on  the  east, 
and  at  various  points  between  Malaga  and  Almeria,  both  on  the  cliffs 
where  they  approach  the  sea,  and  up  the  arroyos  or  water-courses  to 
the  point  where  these  enter  the  more  abrupt  and  mountainous  country 
behind.  Their  elevation  varies,  but  often  exceeds  60  feet.  The 
nature  of  these  deposits,  and  the  causes  to  which  they  are  due,  are 
considered  by  the  author  to  offer  matter  for  careful  study  in  connec- 

tion with  the  phenomena  of  denudation  generally  in  all  parts  of  the 
world. 

8.  The  author  then  alluded  to  the  economic  geology  of  the  dis- 
trict under  consideration.  It  contains  copper-ores,  some  of  them 

argentiferous,  but  generally  with  too  little  silver  to  increase  the  value 
of  the  ore.  These  occur  in  bunches,  and  with  few  exceptions  have 
not  been  worked  to  profit.  They  are  confined  to  the  schists.  Lead- 
ores  have  been  worked  for  centuries  in  the  Sierra  de  Gador,  and 
more  recently  in  the  adjacent  limestone  on  the  north  side  of  the 
Sierra  Nevada.  These  ores  are  galena  and  carbonate  of  lead,  with 

little  or  no  silver ;  but  galena  with  antimony-ore  occurs  near  Mar- 
bella,  and  lead-ores  have  been  worked  in  the  dolomite  of  the  Sierra 
di  Mijas.  Iron-ore  in  vast  abundance,  and  of  admirable  quality,  is 
also  obtained  from  behind  Marbella.  Building-materials  of  fine  qua- 

lity, both  limestones  and  sandstones,  are  readily  procurable  near 
Malaga,  the  former  from  the  Jurassic,  cretaceous,  and  older  tertiary 
series,  the  latter  from  the  calamite-grit.  Good  lime  is  procurable  to 
any  extent,  and  at  moderate  price,  from  the  Jurassic  limestone.  Good 
brick-clay,  and  fine  clays  for  pottery,  from  which  is  manufactured 
the  delicate  terra-cotta  figures  for  which  Malaga  is  celebrated,  are 
procured  from  the  newer  tertiary  beds  of  the  Tejares  and  others  in 
the  plains  of  the  Guadalmedina.  White  sands  for  glass-making  and 
other  purposes  are  taken  from  the  triassic  beds  near  the  calamite-bed. 
Gypsum  of  fair  quality  is  found  abundantly  in  large  lenticular  masses 
in  the  sandstones  underlying  the  Jurassic  limestones,  both  near  Ma- 

laga and  near  the  Sierra  Nevada. 

4.  Descriptions  of  Fossil  Invertebrata  from  the  Crimea.* 
By  William  H.  Baily,  Esq.,  F.G.S.,  of  the  Geological  Survey 
of  Great  Britain. 

[Plates  VIII.,  IX.,  X.] 

The  specimens  described  in  this  communication  were  principally 
collected  by  Capt.  C.  F.  Cockburn,  of  the  Royal  Artillery,  who  has 
also  supplied  the  Note  on  the  Geology  of  the  Neighbourhood  of 
Sevastopol,  which  is  appended  to  this  paper. 

*  An  abstract  of  this  communication  was  read  at  the  British  Association  Meet- 
ing, August  1856. 
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JURASSIC. 

Amorphozoa. 

1.  Scyphia  Cockburnii,  sp.  nov.     PI.  VIII.  fig.  1,  a,  b. 

A  convoluted  sponge,  having  ten  or  eleven  prominent  plications 

or  costse,  with  a  central  nearly  circular  canal  ̂ ths  of  an  inch  in 
diameter. 

The  structure  is  somewhat  obscure,  but,  where  exposed,  exhibits 

an  irregular  porous  texture ;  its  base  appears  to  have  been  adherent. 
Dimensions  :  length  1^  inch,  diameter  \\  inch. 

Locality.  From  red  Jurassic  limestone  near  Balaclava. 
Dedicated  to  Capt.  C.  F.  Cockburn. 

ZOOPHYTA. 

Order  Zoantharia=Aporosa. 
Fam.  Fungid^e. 

2.  Comoseris  irradians,  M.-Edw.  &  J.  Haime,  Brit.  Foss.  Cor. 

Pal.  Soc.  p.  101,  t.  19.  f.  1,  a-d. 
This  and  the  several  other  fossil  corals  from  the  same  locality,  here- 

after mentioned,  can  scarcely  be  distinguished  lithologically  or  spe- 
cifically from  those  obtained  from  the  Coralline  Oolite  of  Steeple 

Ashton,  Wiltshire. 
Loc.  Soudaxioxia.  Presented  to  the  Museum  of  Practical  Geo- 

logy by  the  Imperial  School  of  Mines  at  St.  Petersburg. 

Fam.  AsTRiEiD^E. 

2  a.  Thecosmilia  annularis?,  Flem.  sp.  ;   M.-Edw.  ibid.  p.  84. 
t.  13, 14.  f.  1. 

A  mass  of  small  Polypidoms,  which  may  be  referred  to  this  spe- 
cies, in  compact  argillaceous  limestone  from  Simferopol. 

Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

3.  Isastr^a  Greenoughii,  M.-Edw.  Pal.  Soc.  p.  96.  t.  17.  f.  2. 
Loc.  Soudaxioxia. 

Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

4.  ISASTR^EA  (AsTR^EA?)   POLYGON ALIS,  Mich. 
Fragment  of  the  worn  surface  of  this  coral  exhibiting  a  tessellated 

appearance  in  red  crystalline  limestone,  from  the  Bathing-place  one 
mile  west  of  Balaclava. 

5.  IsastrjEA  explanata  ?,  Goldf.  sp.  ;  M.-Edw.  Pal.  Soc.  p.  94. 
t.  18. f.  1. 

A  weatherworn  mass  of  what  appears  to  be  this  species  in  white 
crystalline  limestone,   from  between  the  Monastery  of  St.  George 
and  Balaclava. 

6.  Thamnastr^ea  arachnoides,  Park.  sp.  ;  M.-Edw.  Pal.  Soc. 
t.  18.  f.  \k. 

An  adult  specimen  of  a  very  flat  and  thin  form,  having  the  stars  in 
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depressions ;  both  sides  well  preserved  ;  the  under  side  covered  with 
a  small  species  of  Serpula. 

Loc.  Soudaxioxia. 

Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

7.  Calamophyllia  Stokesii  ?,  M.-Edw.  Pal.  Soc.  t.  16.  f.  1  a-d. 

Identical  with  or  closely  allied  to  this  species. 
Loc.  From  between  the  Monastery  and  Balaclava. 
Another  specimen,  probably  identical  with  this  species,  but  too 

imperfect  for  determination,  was  obtained  from  the  Gorge  of  Iphi- 

genia. 
8.  Montlivaltia  trochoides,  M.-Edw.  Pal.  Soc.  p.  129.  t.  26. 

f.  2,  2  a.  3,  3«.  &t.27.f.  2,2a. 

A  very  perfect  specimen  of  a  single  polypidom  is  contained  in  the 
British  Museum  collection.     Presented  by  Mrs.  Cattley. 

Loc.  Tchatyr-dagh  or  Tent  Mountain. 

Echinodermata. 

9.  Fragment  of  a  spine  of  Cidaris'! Associated  with  Terebraiula  numismalis  in  Lower  Jurassic  lime- 
stone, equivalent  to  the  Lias. 

Loc.  Woronzoff  Road. 

10.  Spine  of  Cidaris  ? 
In  grey  limestone  from  the  lowest  beds  of  the  Jurassic  series. 
Loc.  Gorge  of  Iphigenia. 

1 1 .  Spines  of  Cidaris  Blumenbachii. 
Loc.  Soudaxioxia. 

Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

12.  Spines  of  Cidaris  glandifera. 
Loc.  Between  the  Monastery  and  Balaclava. 

13.  Spine  of  Cidaris  ? 
From  red  clay-veins  in  Jurassic  limestone. 
Loc.  Between  the  Monastery  and  Balaclava. 

14.  Spine  of  Cidaris? 
Barrel-shaped  with  small  central  cavity,  in  red-tinged  compact  Ju- 

rassic limestone. 

Loc.  The  Bathing-place  one  mile  west  of  Balaclava. 

15.  Joints  of  the  stem   of  Apiocrinites  incrassatus,  Rcemer,  Die 
Verst.Ool.t.  l.f.  12. 

In  red  clay  from  the  Jurassic  limestone. 
Loc.  Between  the  Monastery  and  Balaclava. 
Larger  joints  in  a  similar  matrix  with  corals  have  been  brought 

from  the  last-mentioned  locality. 

16.  Portions  of  the  stem  of  Pentacrinites  basaltiformis. 
Loc.   Soudaxioxia. 

Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

1 7.  Two  plates  of  a  Starfish,  with  punctated  surface. 
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In  grey  limestone,  with  the  spine  No.  10,  from  the  lowest  beds. 
Loc.  Gorge  of  Iphigenia. 

Mollusc  a.     Brachiopoda. 

18.  Terebratula  numismalis,  Lam. 

This  characteristic  Lias  species  was  obtained  from  grey  limestone 
and  shale. 

Loc.  Woronzoff  Road.     Lower  Lias. 

19.  Terebratula  rotundata?,  Rcemer. 

Allied  to  T.  ovoides,  Sowerby,  in  compact  pinkish  limestone. 
Loc.  Woronzoff  Road. 

20.  Terebratula  Jamesii,  sp.  nov.  PI.  VIII.  fig.  2,  «,  b. 

Shell  inequivalved,  ovate,  longer  than  wide ;  rostral  valve  mode- 
rately convex,  smaller  valve  somewhat  flattened ;  beak  prominent 

and  truncated,  with  a  rather  large  foramen ;  lateral  margin  of  valves 
slightly  curved,  and  a  somewhat  flattened  front ;  surface  smooth, 
punctated,  and  marked  by  concentric  lines  of  growth. 

Dimensions. — Length  1  inch,  breadth  ̂ ths  of  an  inch. 
Loc.  From  dark-grey  Jurassic  limestone,  Balaclava. 
Collected  by  Major  Cooke,  R.E.    Dedicated  to  Lieut.-Col.  James, 

R.E. 

21.  Terebratula,  sp.     Probably  T.  subovoides,  Miinst. 

Found  with  the  large  barrel-shaped  spine,  No.  14,  in  red  compact 
limestone. 

Loc.  The  Bathing-place  one  mile  west  of  Balaclava. 
22.  Terebratula  perovalis  1 

From  the  matrix  of  Ammonites  Jimbriatus,  Middle  Lias. 
Loc.  Village  of  Biasali. 
Presented  by  Imperial  School  of  Mines,  St.  Petersburg. 

23.  Terebratula.  Lower  part  of  a  large  species,  probably  Tere- 

bratula Strogonojii,  D'Orb.  Geol.  of  Russia,  &c.  p.  489,  in  com- 
pact red  limestone. 

Loc.  Gorge  of  Iphigenia. 

24.  Terebratulina  radiata,  sp.  nov.    PI.  VIII.  fig.  3,  a-d. 
Shell  inequivalved,  nearly  hemispherical ;  beak  produced,  slightly 

recurved,  truncated,  with  a  large  foramen  and  triangular  deltidium  ; 
surface  of  valves  beautifully  punctate,  and  ornamented  with  from 
20  to  25  longitudinally  elevated  striae. 

Dimensions. — Length  -j^ths,  breadth  ||ths  of  an  inch. 
Loc.  Balaclava.     Six  specimens  of  this  elegant  little  Brachiopod 

were  detached  from  the  matrix  which  contained  Terebratula  Jamesii. 

25.  Rhynchonella  Cookei,  sp.  nov.     PI.  VIII.  fig.  5,  a,  b. 

Shell  considerably  wider  than  long ;  valves  slightly  convex  ;  beak 
acute  ;  foramen  small,  surface  ornamented  by  about  30  acute  plaits, 
having  a  central  elevated  mesial  fold  composed  of  10  plaits. 

Dimensions. — Height  1-^y  inch,  breadth  2\  inches. 



1857-]  BAILY   FOSSILS  FROM  THE  CRIMEA.  137 

Allied  to  Rhynchonella  subtetrahedra,  Dav.  (Monog.  Brit.  Ool. 
Lias,  Brach.,  Pal.  Soc.  p.  95.  pi.  16.  f.  9-12),  but  differs  in  the 
greater  number  of  plaits,  and  in  its  greater  breadth  compared  with 
its  length.  It  has  a  winged  appearance,  and  belongs  to  the  group 
Alatce  of  Von  Buch. 

The  specimens,  of  which  there  are  two,  were  collected  from  the 
grey  limestone  of  Balaclava  by  Major  Cooke,  to  whom  it  is  dedi- 
cated. 

26.  Rhynchonella  pectinata,  sp.  nov.     PL  VIII.  fig.  4,  ay  b. 

Shell  inequivalve,  subtrigonal,  slightly  convex,  longer  than  wide, 
widest  at  the  front  and  gradually  tapering  upwards  towards  the 
beak ;  beak  acute ;  foramen  large,  surrounded  by  the  deltidium,  and 
separated  from  the  umbo  ;  valves  somewhat  flattened  and  fan-shaped, 
without  mesial  fold  or  sinus ;  surface  ornamented  by  about  twelve 
large  plaits  or  costse. 

Dimensions. — Height  -poths,  breadth  -j%ths  of  an  inch. 
Allied  to  R.  pectunculoides,  Schlot.,  but  differing  in  its  greater 

length  in  proportion  to  its  breadth,  and  in  having  more  costse. 
Loc.  Gorge  of  Iphigenia,  in  red  crystalline  limestone. 

27.  Rhynchonella  senticosa,  Von  Buch  ;   Davids.  Brit.  Ool. 

Lias,  Brach.,  Pal.  Soc.  p.  73,  pi.  15.  f.  21. 
Mr.  Davidson  describes  this  species  from  the  lowest  beds  of  the 

Inferior  Oolite.  M.  D'Orbigny  places  it  in  the  Oxfordian.  Our 
specimen  was  collected  by  Major  Cooke  from  the  grey  limestone  of 
Balaclava,  apparently  equivalent  to  Inferior  Oolite. 

28.  Rhynchonella  acuta,  Sow. 

From  the  matrix  of  Ammonites  Jimbriatus. 

Loc.  Village  of  Biasali.     Middle  Lias  or  Marl-stone. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

29.  Rhynchonella  variabilis?,  Schlot. 

Of  this  species  the  back  of  the  rostral  valve  only  is  exposed,  on  a 
slab  of  coarse  greyish  limestone. 

Loc.  From  the  base  of  the  rocks  at  the  Gorge  of  Iphigenia. 

Lamellibranchiata.     Asiphonida. 

30.  Ostrea.     Small  species  in  a  light-brown  marl,  with  but  few 
other  traces  of  fossils. 

Loc.  From  Karani.     Lias  shale  ? 

31.  Ostrea,  sp.  Associated  with  Cardium  cequistriatum,  No.  35, 
and  Terebratula  numismalis,  No.  18. 

Loc.  "Woronzoff  Road  leading  to  Kamara.     Lower  Lias  shale. 
32.  Ostrea,  sp.  A  coarsely  plicated  species  in  the  red  clay  of  the 

Jurassic  limestone,  associated  with  Corals,  No.  4,  spines  of 
Echini,  Nos.  13,  14,  and  Terebratula,  No.  21. 

Loc.  Bathing- place  one  mile  west  of  Balaclava. 

33.  Gryph^a  dilatata,  Sow. 
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Single  valves  of  adult  shells,  with  massive  hinge-areas  in  a  similar 
matrix  with  the  Corals,  Nos.  2,  3,  and  6. 

Loc.  Soudaxioxia. 

Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

34.  Gryph^ea  incurva,  Sowerby. 

Associated  with  Ammonites,  Nos.  40,  41,  and  42,  in  reddish  marly 
limestone  with  ferruginous  granules. 

Loc.  Village  of  Biasali.     Middle  Lias. 

Section  Siphonida. 

35.  Cardium  ^equistriatum,  sp.  nov.     PI.  VIII.  fig.  6,  #,  h. 

Shell  subtrigonal,  convex ;  umbones  prominent  and  contiguous  5 
anterior  surface  ornamented  with  concentric  and  very  regular  small 
ridges,  posterior  portion  with  radiating  longitudinal  lines,  widely 
distant  at  the  margins. 

It  differs  from  Cardium  truncatum  of  the  Lias  in  being  less  con- 
cave, and  its  radiating  posterior  lines  are  more  widely  distant,  and  the 

concentric  ridges  more  defined  and  regular,  the  umbones  being  placed 
nearest  the  posterior  side. 

Dimensions. — Height  p0ths,  breadth  i%ths  of  an  inch. 
Loc.  Woronzoff  Road.     Lower  Lias. 

36.  Astarte  complanata,  Roemer,  Verst.  pi.  6.  f.  28. 
Associated  with   the   Cardium  last  described,  No.  35 ;    Ostrea, 

No.  31,  and  Terebratula  numismalis,  No.  18. 

Loc.  "Woronzoff  Road  leading  to  Kamara.  In  dark-brown  shales. Lower  Lias. 
Gasteropoda.    Holostomata. 

37.  Natica,  sp.     A  large  species  allied  to  Natica  Clio,  D'Orb.  Ter. 
Jur.  pi.  292,  but  too  imperfect  for  description. 

Loc.  In  red  clay  of  Jurassic  limestone  between  the  Monastery 
and  Balaclava. 

Dimensions. — Height  %jfo  inches,  breadth  1-j^-  inch. 

38.  Nerin^ea  grandis?,  D'Orb. 
A  fragment  of  what  appears  to  be  this  species. 
Loc.  Village  of  Djanatai. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

Cephalopoda.     Tetrabranchiata. 

39.  Ammonites  Uralensis?,  D'Orb.  in  Geol.  of  Russia. 
A  fragment  of  apparently  a  young  individual  of  this  species  from 

red  Jurassic  limestone. 

Loc.  Bathing-place  one  mile  west  of  Balaclava. 

40.  Ammonites  Raquinianus  ?,  D'Orb.  Ter.  Jur.  pi.  106. 
A  fragment  of  what  appears  to  be  this  species,  although  somewhat 

doubtful,  obtained  from  the  same  matrix  as  the  next  species,  No.  41. 
Loc.  Village  of  Biasali.     Middle  Lias. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

41.  Ammonites  Jurensis?,  Zieten ;   D'Orb.  Ter.  Jur.  pi.  100. 
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A  specimen  most  probably  identical  with  this  species,  but  in  too 
bad  a  state  for  certain  determination. 

Loc.  Village  of  Biasali.     Middle  Lias. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

42.  Ammonites  fimbriatus,  Sowerby ;  D'Orb.  Ter.  Jur.  pi.  98. 
From  the  same  locality  and  matrix  as  Gryphcea,  33,  and  Ammo- 

nites, 40,  41,  42.     Red  marly  limestone  with  ferruginous  specks. 

43.  Trigonellites  ? 

In  the  body-chamber  of  an  Ammonite  of  the  group  Ligati.  In 
compact  grey  Lias  limestone. 

Loc.  Woronzoff  Road  below  Kamara,  leading  to  Vernutka  Valley. 

NEOCOMIAN. 

MOLLUSCA. 

44.  Requienia,  sp.    Closely  allied  to,  if  not  identical  with  R.  am- 

monia (Matheron),  D'Orb.  Ter.  Cret.  p.  250.  pi.  578. 
Loc.  Numerous  fragments  of  this  spiral  bivalve  were  obtained  by 

Major  Hudson,  39th  Regiment,  from  the  coarse  crystalline  limestones 
used  in  the  construction  of  the  road  between  Balaclava  and  the 

Plateau.  It  is  associated  with  many  fragments  of  Nerincea,  No.  46, 
and  Natica,  No.  45. 

Presented  by  Major  Hudson. 

45.  Natica  pr^longa,  Desh. ;  D'Orb.Ter.Cre't.p.l52.pl.  172.f.l. 
A  fine  cast  of  a  large  elongated  Natica  appears  to  be  identical 

with  the  above  species,  having  a  portion  of  shell  on  the  upper  whorls 
sufficient  to  show  that  the  sutures  were  nearly  covered  up  by  the 
shell,  as  was  also  the  umbilicus,  which  in  the  cast  has  a  deep  im- 

pression. Loc.  and  matrix  similar  to  the  last. 

46.  Nerincea?  (or  Chemnitzia,  D'Orb.),  sp.  nov. 
A  spiral  shell,  shorter  than  the  generality  of  the  genus  Nerincea, 

although  too  imperfect  for  description. 
Loc,  and  matrix  similar  to  Nos.  44  and  45. 

47.  Nerincea,  sp. 

Several  fragments  of  a  large  Nerincea,  somewhat  allied  to  Nerincea 

gigantea,  D'Hombres  Firmas  ;  D'Orb.  Ter.  Cret.  t.  2.  p.  77.  pi.  158. 
f.  1,  2,  but  not  so  angular  at  the  sutures  as  that  species. 

Loc.  and  matrix  the  same  as  Nos.  44,  45,  46,  and  47. 

48.  Nautilus  pseudo-elegans,  D'Orb.  Ter.  Cret.  p.  7.  pi.  8,  9. 
This  specimen  may  easily  be  mistaken  for  one  found  in  our  own 

country,  its  aspect  being  very  like  that  of  the  same  species  from  the 
Lower  Greensand  of  Kent  and  the  Isle  of  Wight. 

Loc.  Village  of  Biasali  ? 
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SENONIAN. 

Mollusc  a.     Brachiopoda. 

49.  Crania  spinulosa,  Nilsson.     PI.  VIII.  f.  7  a-h. 

Some  confusion  having  arisen  respecting  this  species,  and,  as  it  has 
not  been  hitherto  well  illustrated,  it  has  been  thought  advisable  to 
refigure  it  from  the  beautiful  specimens  collected  by  Captain  Cock- 
burn,  which  have  enabled  us  to  give  enlarged  representations  of  both 
valves  of  this  fine  Brachiopod. 

On  submitting  specimens  to  Mr.  Thomas  Davidson,  he  referred  it 
to  the  Crania  spinulosa,  Nilsson,  t.  3.  f.  9  a-e,  with  the  following 
remarks : — "  It  is  different  from  the  one  so  named  by  Goldfuss, 
which  is  the  Crania  Hagenovii  of  De  Koninck.  It  agrees  with 

Nilsson' s  figure  in  being  of  the  same  size,  and  externally  covered 
with  short  tubercular  asperities  or  spines ;  and  the  interiors  of  both 

dorsal  and  ventral  valves  agree  with  the  Swedish  author's  illustra- 
tions. This  species  is  less  circular  than  Nummulus  Brattenburgensis 

(=  C.  nummulus),  it  has  also  a  small  flattened  false  area  in  the  attached 
valve ;  neither  are  there  in  any  of  the  figures  of  that  species  given 
by  Nilsson,  Goldfuss,  or  Hceninghaus  any  of  those  tubercular  spines 
depicted  which  may  be  observed  in  the  specimens  from  Inkerman 

and  in  the  drawing  of  C.  spinulosa  in  Nilsson' s  work  ;  on  the  con- 
trary, the  valves  of  C.  nummulus  are  represented  smooth. 

Du  Bois  de  Montpereux,  in  his  '  Tableau  des  fossiles  de  la  Craie 
en  Crimee,'  at  subdivision  No.  8,  '  Craie  marneuse  blanche,'  cata- 

logues Crania  nummulus  associated  with  Ostrea  vesicularis,  and  this 
Mr.  Davidson  agrees  with  me  in  thinking  to  be  most  probably  iden- 

tical with  our  species. 
Capt.  Cockburn  collected  as  many  as  thirty-eight  specimens  of  the 

valves  of  this  Crania  (of  which  twenty-nine  were  lower  or  ventral 
valves,  and  but  nine  dorsal  or  upper  valves)  from  the  coarse  white 
chalk  of  Inkerman  associated  (like  the  Crania  mentioned  by  Dubois) 
with  Ostrea  vesicularis  and  other  species. 

Lamellibranchiata.     Asiphonida. 

50.  Ostrea  carinata,  Lamarck;  D'Orb.  Ter.  Cret.  pi.  474. 
Loc.  Tillage  of  Badrax.     Upper  Greensand. 

51.  Ostrea  vesicularis,  Lamarck;   D'Orb.  Ter.  Cret.  pi.  486. 
f.  1,  2. 

Loc.  Village  of  Badrax.  A  mass  from  the  Upper  Greensand;  two 
specimens  from  Lower  Chalk ;  presented  by  the  Imperial  School  of 
Mines,  St.  Petersburg.  Seven  specimens  from  Upper  Chalk  ;  In- 
kerman. 

52.  Ostrea  frons,  Parkinson. — O.  diluviana,  D'Orb.  Ter.  Cret. 

pi.  483. 
Loc.  Badrax.     Upper  Greensand. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

53.  Ostrea  flabellata,  D'Orb.  pi.  475. 
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Loc.  Badrax.     Upper  Greensand. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

54.  Ostrea  hippopodium,  Nilsson,  t.  7.  f.  1  a,  b  ;  D'Orb.  pi.  482. 
Loc.  Badrax.     Upper  Greensand. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 
Loc.  Inkerman.     Upper  Chalk. 

55.  Ostrea  laciniata,  D'Orb.  pi.  486.  f.  1,  2. 
(Chama)  laciniata,  Nilsson. 
Loc.  Inkerman.     Upper  Chalk. 

56.  Ostrea  curvirostris,  Nilsson,  t.  6.  f.  5  a,  b. 

Loc.  Inkerman.     Eight  single  valves  from  Upper  Chalk. 

57.  Ostrea,  sp.  nov.  ? 
Loc.  Inkerman.     Two  single  valves.     Upper  Chalk. 

58.  Exogyra  haliotoidea,  Lamarck. 

Chama  haliotoidea,  Sow.  M.  C.  t.  25  ;  Nilsson,  t.  8.  f.  3  a-d. 
Loc.  Inkerman.     Upper  Chalk. 

59.  Exogyra  columba,  Lamarck  (Morris's  Catalogue). 
Ostrea  columba,  Desh. ;  D'Orb.  Ter.  Cret.  pi.  477. 
Gryphcea  columba,  Sowerby. 

Loc.  Badrax.  Upper  Greensand. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

60.  Avicula?  Lithuana,  Eichw. 

This  fine  large  oyster-like  shell,  which  is  at  present  placed  in  the 

genus  Avicula  (although  doubtfully)  by  Bronn  in  his  '  Index  Palee- 
ontologicus,'  has  a  straight  hinge-line  without  ears,  the  right  valve 
being  convex  with  concentric  laminse,  and  the  left  flat  (as  in  Ostrea) 
with  widely  distant  radiating  furrows  ;  hinge  toothless  and  central, 
with  a  large  cartilage-pit. 

Loc.  Badrax.     In  Upper  Greensand. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

Section  Siphonida. 

61.  Astarte?,  sp. 

Loc.  Inkerman.     Upper  Chalk. 

62.  Crassatella,  sp.     Cast  of  the  interior  of  a  large  species. 
Loc.  Inkerman.     White  Chalk. 

63.  Crassatella,  sp.     Casts  of  a  large  species,  which  differs  in 
various  particulars  from  the  last,  No.  62. 

Loc.  Inkerman  Castle  Rock.     White  Chalk. 

Two  specimens  collected  by  Dr.  Sutherland,  of  the  Sanitary  Com- 
mission for  the  Army  of  the  East. 

64.  Cardium  conniacum  ?,  D'Orb.  Ter.  Cret.  pi.  244. 
Loc.  Inkerman.     Upper  Chalk. 

Two  other  species  were  collected  by  Capt.  Cockburn  from  the 
same  locality,  which  are  too  imperfect  for  description. 
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65.  Lucina,  sp.     Cast  of  the  interior  of  an  orbicular  shell,  most 
probably  belonging  to  this  genus. 

Loc.  Inkerman.     Upper  Chalk. 

66.  Acropagia,  Corbis  ? 

Loc.  Inkerman.     Upper  Chalk. 

Gasteropoda. 

The  Gasteropoda  of  the  Cretaceous  formation  are  but  poorly  re- 
presented in  this  collection,  the  few  specimens  being  scarcely  fit  for 

determination. 

67.  Acteonella  or  Gloriconcha ?,  D'Orb. 
Loc.  Inkerman.     Upper  Chalk. 

68.  Natica,  sp.  In  the  British  Museum  there  is  a  fine  mould  of 
the  interior  of  a  large  Natica,  from  Upper  Greensand,  River 
Alma.     Presented  by  Mrs.  Cattley. 

69.  Natica,  sp.     A  smaller  species  than  the  last. 
Loc.  Inkerman.     Upper  Chalk. 

70.  Turritella,  sp.  allied  to  T.  Bauja,  D'Orb. 
Moulds  of  the  interior  of  a  spiral  shell  resembling  this  species. 
Loc.  Inkerman.     Upper  Chalk. 

VERTEBRATA.     71.  Lamna  ?,  sp. 

NUMMUL1TIC=SUESS0NIAN  (D'Orbigny). 
Foraminifera. 

Genus  Nummulites,  Lamarck,  1804. 

72.  Nummulites  distans,  Desh.  Mem.  Soc.  Ge'ol.  France,  vol.  iii. 
p.  68,  pi.  5.  f.  20-22,  &  N.  pohjgyratus,  Desh.  loc.  cit.  f.  1  /- 
19. 

N.  distans,  D'Archiac  et  Haime,  Anim.  Foss.  PInde,  p.  91,  pi.  2. 
f.  1-5. 

A  mass  of  whitish  limestone  made  up  of  this  and  the  following 

species. 
Loc.  Simferopol. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 
Detached  specimens  of  this  species  were  collected  by  Dr.  Suther- 

land and  Mr.  Olver,  Army  Works  Corps,  close  to  the  road  at  Inker- 
man  on  the  British  side. 

73.  Nummulites   Raymondi,    Defrance.   D'Arch.  et  J.  Haime, 
Anim.  Foss.  l'lnde,  p.  128,  pi.  7,  f.  13-17. 
Nummulites  rotularius,  Desh.  Mem.  Soc.  Geol.  vol.  iii.  p.  68, 

pi.  6.  f.  10,  11.     N.  mammilla,  D'Orb.  Prodrome,  p.  336. 
This  small  species  occurs  under  the  same  conditions  as  the  last, 

the  limestone  of  Simferopol  being  made  up  of  these  remains.  It 
was  also  collected  at  Inkerman  by  Mr.  Olver. 
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ECHINODERMATA. 

74.  Conoclypus  conoideus,  Agassiz,  Cat.  p.  109. 

Clypeaster  conoideus,  Du  Bois,  Voy.  au  Caucase. 
Loc.  Simferopol. 

Mollusc  a. 

75.  Ostrea  gigantea,  Brander.     (Ostrea  latissima,  Desh.) 
Loc.  Simferopol. 

76.  Cerithium  giganteum,  Lamarck. 

Loc.  Simferopol. 
Presented  by  the  Imperial  School  of  Mines,  St.  Petersburg. 

MIDDLE  OR  NEWER  TERTIARY.— (Falunian,  D'Orbigny.) Amorphozoa. 

77.  Scyphia  Portlockii,  sp.  nov.     PI.  IX.  f.  1,  a,  b. 

Sponge  more  or  less  elongated,  forming  a  somewhat  rounded  and 
irregular  tube,  smallest  in  diameter  at  the  extremities,  perforated 
throughout  its  length  by  a  single  large  canal  opening  at  each  extre- 

mity and  having  sharp  raised  edges  ;  surface  thickly  covered  with 
irregular  pores. 

Dimensions  of  one  specimen  : — length  1  inch,  greatest  diameter 
\  an  inch,  diameter  of  tube  -j^ths  of  an  inch.  A  second  specimen 
measured  but  3%ths  of  an  inch  in  length,  with  a  diameter  of  \  an 
inch. 

Loc.  Monastery  of  St.  George. 
Dedicated  to  Col.  Portlock,  Pres.  Geol.  Soc. 

Foraminifera. 

77  a-  Polystomella  crispa,  Linnseus. 

Mr.  Rupert  Jones  has  detected  two  specimens  of  this  very  minute 
Nautiloid  form  (still  common  in  the  Atlantic  and  Mediterranean)  on 
the  weathered  surface  of  a  limestone,  made  up  of  fragments  of 
shells,  principally  bivalves,  and  collected  by  Lieut. -Col.  Munro  in 
the  neighbourhood  of  Sebastopol. 

Mollusc  a.     Asiphonida. 

78.  Mytilus  apertus,  Desh.  Mem.   Geol.  Soc.  France,  vol.  iii. 

p.  61,  pi.  4.  f.  6-11.    Myoconcha  aperta,  D'Orb. 
Loc.  Kertch.  In  iron-ore.  Collected  and  presented  by  Dr.  M'Pher- 

son. 

79.  Dreissena  (Mytilus)  rostriformis,  Desh.  Mem.  Soc.  Geol. 

France,  vol.  iii.  p.  61.  t.  4.  f.  14-16. 
This  and  the  preceding  species  were  found  associated  with  the 

numerous  and  peculiar  forms  of  Cardium,  hereafter  mentioned,  in 

the  deposits  of  iron-ore  near  Kertch.     Collected  by  Dr.  M'Pherson. 
There  is  also  a  specimen  in  the  British  Museum. 

79  a.  Dreissena  in^equivalvis,  Nyst. 

Mytilus  incequivalvis,  Desh.  loc.  cit.  pi.  5.  f.  1-3. 
Collected  by  Dr.  M'Pherson.     From  iron-ore,  Kertch. 
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SlPHONIDA. 

80.  Cardium  protractum,  Eich.  Voy.  Horn.  pi.  6.  f.  6-8. 
This  small  species  is  common  at  most  of  the  localities. 
Loc.  Dock-yard,  Sevastopol ;  Quarantine  ;  Monastery ;  and  Gorge 

of  Iphigenia. 

81.  Cardium  amplum,  sp.nov.     PI.  IX.  fig.  2,  a-d. 
Shell  thin,  much  broader  than  high,  ornamented  with  about  fifteen 

much  elevated  radiating  ribs,  which  are  strongly  imbricated  towards 
the  margin,  and  unequally  distant,  widely  separated  and  more  curved 
towards  the  posterior  slope  of  the  shell,  where  the  costse  become 

suddenly  closer  ;  umbones  subcentral,  margins  crenulated,  hinge-line 
long  and  but  slightly  curved  ;  right  valve  with  a  slightly  prominent 
cardinal  and  two  lateral  teeth. 

Dimensions. — Height  ̂ 0ths,  breadth  f^ths  of  an  inch. 
The  only  specimen  of  this  small  and  delicate  species  is  a  very  per- 

fect right  valve. 
Loc.  Monastery  of  St.  George. 

82.  Cardium  Demidoffi,  sp.  nov.     PI.  IX.  fig.  3,  a,  b,  c. 

Shell  elongated,  subtrigonal,  ornamented  with  about  twelve  widely 
distant  and  sharp  ribs,  closely  imbricated  and  less  prominent  on  the 
posterior  slope  of  each  valve  ;  umbones  anterior  and  approximating, 
margins  crenulated. 

Dimensions. — Height  -^-ths,  breadth  -^ths  of  an  inch. 
Very  abundant  from  the  Monastery  of  St.  George  (in  the  bed  R 

of  the  section)  ;  mostly  casts  of  the  interior.  Our  figured  specimen 
has  a  portion  of  the  shell  still  attached. 

This  species  differs  from  Cardium  Fittoni  by  its  greater  breadth 
in  proportion  to  its  height,  and  in  having  more  numerous  and  less 
elevated  ribs,  without  the  sharp  and  prominent  asperities  of  that 

species. Dedicated  to  M.  Anatole  Demidoff,  author  of  the  fine  work  on 
Southern  Russia  and  the  Crimea. 

83.  Cardium  Fittoni,  D'Orb.  in  Murchison's  Geol.  of  Russia. 
Loc.  Sevastopol ;  Monastery.     Casts  collected  by  Major  Cooke 

and  Capt.  Cockburn ;  and,  with  the  shell  attached,  from  the  Quaran- 
tine Harbour. 

84.  Cardium  carinatum,  Desh.  Mem.  Soc.  Geol.  de  France,  1838, 

p.  54.  pi.  2.  f.  16-18. 

Loc.  Kertch.     In  iron-ore.     Collected  by  Dr.  M'Pherson. 

85.  Cardium  squamulosum,  Desh.  ibid.  p.  48.  pi.  1.  f.  14,  15. 
Loc.  Kertch.     In  iron-ore.     British  Museum  Collection. 

86.  Cardium  macrodon,  Desh.  ibid.  p.  49.  pi.  1.  f.  3-6. 
An  interesting  specimen  of  this  nearly  smooth  Cardium,  in  which 

the  shell  has  been  converted  into  phosphate  of  iron,  the  interior  con- 
taining crystals  of  carbonate  of  lime. 

Loc.  Kertch.     In  iron-ore.     Collected  by  Dr.  M'Pherson. 
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87.  Cardium  crassatellatum,  Desh.  ibid.  p.  51.  pi.  3.  f.  7-10. 
Loc.  Kertch.     In  iron-ore.     British  Museum  Collection. 

88.  Cardium  paucicostatum,  Desh.  ibid.  p.  52.  pi.  2.  f.  14,  15. 

Loc.  Kertch.  In  iron-ore.  Two  specimens  collected  by  Dr. 
M'Pherson. 

89.  Cardium  corbuloides,  Desh.  ibid.  p.  54.pl.  l.f.  11-13. 

Loc.  Kertch.     In  iron-ore.     Presented  by  Captain  Cockburn. 

90.  Cardium  Verneuilii,  Desh.  ibid.  p.  55.  pi.  2.  f.  9,  1 0. 
Loc.  Kertch.     In  iron-ore. 

Presented  by  Captain  Cockburn  and  Dr.  M'Pherson. 
91.  Cardium  ovatum,  Desh. ibid.  p.  56.pl.  l.f.  19-21. 

Loc.  Kertch.     In  iron-ore. 

Presented  by  Captain  Cockburn  and  Dr.  M'Pherson. 

92.  Cardium  Edouardi,  D'Orb.     C.incertum,  Desh.  ibid.  p.  56. 
p].2.f.  11-13. 

Loc.  Kertch.     In  iron-ore. 

Collected  by  Dr.  M'Pherson. 

93.  Cardium  subedentulum,  D'Orb.      C.edentulum,  Desh.  ibid. 
p.  51.  pi.  3.  f.  3-6. 

Loc.  Kertch.     In  iron-ore. 
British  Museum  Collection. 

94.  Cardium  pseudocardium  ?,  Desh.  ibid.  p.  59.  pi.  l.f.  1,  2. 
Loc.  Kertch.     In  iron-ore. 
Presented  by  Captain  Cockburn. 

95.  Cyprina  Pallasii,  sp.  nov.     PI.  IX.  fig.  4,  a,  b. 

Shell  large  and  thick,  subtrigonal,  broader  than  high,  concen- 
trically striated,  with  an  oblique  angle  on  the  posterior  side  of  each 

valve ;  umbones  approximate,  oblique  and  tumid.  Cardinal  teeth  3, 
with  a  posterior  lateral  tooth. 

Dimensions. — Height  l^inch,  breadth  2^  inches. 
Loc.  Monastery  of  St.  George ;  the  shells  being  well  preserved 

in  crystalline  limestone,  and  casts  of  the  interior  (the  shell  having  de- 
composed) from  a  more  sandy  deposit.  Fine  casts  of  what  appears  to 

be  this  species  were  collected  by  Major  Cooke  from  the  left  flank  of 
a  parapet  of  the  Redan,  the  stone  used  in  its  construction  having 
been  procured  from  a  quarry  adjacent :  the  fossils  from  this  deposit 
are  mostly  in  the  state  of  casts. 

96.  Cyprina  Georgei,  sp.  nov.     PI.  IX.  fig.  8,  a,  b. 

Shell  oblong- ovate,  concentrically  striated,  with  an  oblique  angle 
on  the  posterior  side  ;  right  valve  with  two  narrow  cardinal  teeth, 
having  a  deep  pit  on  one  side,  and  a  posterior  lateral  tooth ;  muscular 
impressions  oval,  pallial  line  simple. 

Dimensions. — Height  1,  breadth  1  J-  inch. 
Loc.  A  single  well-preserved  specimen  of  the  right  valve  only  was 

collected  from  the  Monastery  of  St,  George. 
VOL,  XIV. — PART  I.  L 
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97-  Cyprina  naviculata,  sp.  nov.     PI.  IX.  fig.  6,  a-c. 
Shell  oblong,  the  anterior  extremity  rounded,  posterior  very  acute  ; 

cardinal  teeth  2,  and  a  posterior  lateral  tooth. 

Dimensions. — Height  -^-ths,  breadth  -j%ths  of  an  inch. 
Loc.  Quarantine  Harbour.      The  fossils  here  have  their  valves 

united ;  a  fortunate  fracture  in  one  specimen  exposes  the  hinge. 

98.  Cyprina?  triangulata,  sp.  nov.     PI.  IX.  fig.  9. 

Shell  suborbicular,  concentrically  striated  ;  umbones  prominent 
and  oblique  ;  muscular  impressions  oval,  pallial  line  simple. 

Dimensions. — Height  1,  breadth  1-^j  inch. 
This  species  is  doubtfully  referred  to  the  genus  Cyprina,  none  of 

the  specimens  showing  the  hinge,  being  mostly  casts  ;  but,  as  it  is 
one  of  the  most  numerous  of  the  fossil  bivalves  from  these  deposits, 
it  was  thought  advisable  to  figure  and  describe  it. 

Loc.  It  has  been  collected  from  Sevastopol  by  Major  Cooke;  from 
Iphigenia  and  the  Monastery  by  Captain  Cockburn  (in  bed  R). 

99.  Astarte  pulchella,  sp.  nov.     PI.  IX.  fig.  10,  a-c. 
Shell  small,  suborbicular,  concentrically  striated ;  two  cardinal 

teeth. 

Dimensions. — Height  ith  of  an  inch,  breadth  the  same. 
Loc.  Nine  specimens  of  this  beautiful  little  species  were  collected, 

having  both  valves  united,  from  the  Gorge  of  Iphigenia  (bed  J  of 
the  section),  associated  with  other  small  shells.  The  left  valve  of  a 
specimen  being  fortunately  removed,  the  mould  and  hinge  are  shown. 

100.  Astarte  quadrata,  sp.  nov.     PI.  IX.  fig.  7,  a-d. 

Shell  very  thick,  oblong,  depressed,  somewhat  square,  concentric- 
ally striated  ;  umbones  forming  a  sharp  angle  ;  hinge  with  two  car- 

dinal teeth,  lateral  teeth  obscure ;  pallial  line  deep,  simple. 

Dimensions. — Height  ̂ yths  of  an  inch,  breadth  1  inch. 
Loc.  Four  specimens  of  this  very  thick  shell  were  obtained  from 

the  Monastery,  being  fragments  of  the  upper  part  containing  the 
hinge  of  both  valves  well  preserved.  Several  supposed  casts  of  this 
species  (fig.  7,  d)  were  obtained  from  the  same  locality. 

101.  Venus  semiplana,  sp.  nov.     PI.  IX.  fig.  5,  a,  b. 

Shell  oblong,  depressed,  concentrically  striated,  posterior  side  sub- 
angular  ;  umbones  anterior  and  acute  ;  hinge  of  right  valve  with 
three  cardinal  teeth  (the  central  one  prominent)  and  one  lateral 
tooth. 

Dimensions. — Height  ̂ ths,  breadth  -^ths  of  an  inch. 
A  single  specimen  of  the  right  valve  only,  in  good  preservation. 
Loc.  Gorge  of  Iphigenia. 

102.  Venus  minima,  sp.  nov.     PI.  IX.  fig.  12,  a-c. 
Shell  elongated  oval  ;  umbones  anterior. 

Dimensions. — Height  ̂ ths,  breadth  j-|th  of  an  inch. 
Three  specimens  of  this  very  small  and  beautifully  preserved  shell 

with  both  valves  united,  were  collected  from  the  Monastery  and  Gorge 



1   iH 



Quart.  JoumGeci.  Soc.Yol.  m  PI  X. 

W.  H.  Baily  del.  et  litk. Pnn-telTjj  Hldhnanid  &  Walton 

TERTIARY  FOSSILS  prom  the  CRIMEA 



1857.]  BAILY   FOSSILS  FROM  THE  CRIMEA.  147 

of  Iphigenia  in  bed  J  of  the  section,  associated  with  Astarte  pul- 
chella,  &c. 

103.  Solen?,  sp.     A  single  fragment  of  the  posterior  extremity  of 
an  elongated  straight  shell  apparently  belonging  to  this  genns. 

Loc.  Quarantine  Harbour. 

104.  Potamomya  Iphigenia,  sp.  uov.     PI.  IX.  fig.  13,  a-d. 
Shell  thick,  elongated  and  compressed ;  umbones  nearly  central ; 

one  cardinal  tooth  in  each  valve. 

Dimensions. — Height  ̂ th,  breadth  -|-Jths  of  an  inch. 
Three  single  valves  showing  the  interiors. 
Loc.  Gorge  of  Iphigenia. 

105.  Pholas  Hommarei,  D'Orb.  Voy.  Horn.  pi.  4.  f.  16-16. 
Loc.  Monastery,  and  Gorge  of  Iphigenia;  from  bed  P  of  the 

section. 

Gasteropoda.     Opisthobranchiata. 

106.  Tornatella  mInuta,  sp.  nov.     PI.  X.  fig.  7,  a3  b. 
Shell  small,  cylindrical,  smooth  ;  spire  short,  acute,  with  four  or 

five  whirls  ;  aperture  long  and  narrow,  inner  lip  callous,  covering  part 
of  the  body-whirl. 

Dimensions. — Axis  3%-ths,  diameter  -^th  of  an  inch. 
Loc.  Quarantine  Harbour. 

107.  Tornatella  inflexa,  sp.  nov.     PI.  X.  fig.  8,  «,  b. 

Shell  cylindrical ;  spire  short,  with  three  or  four  whirls  ;  aper- 
ture long  and  narrow ;  body-whirl  inflexed  or  bent  inwards  at  the 

middle. 

Dimensions. — Axis  h.  breadth  ̂ ths  of  an  inch. 

This  is  a  much  larger  species  than  the  preceding,  and  differs  in 
being  of  less  diameter  in  proportion  to  its  size. 

Loc.  Four  specimens,  all  casts,  were  collected  by  Major  Cooke, 
from  the  Redan. 

PULMONIFERA. 

108.  Helix  Duboisii,  sp.  nov.     PI.  X.  fig.  1,  a,  b. 

Shell  subglobose,  perforated,  and  finely  striated,  having  five  volu- 
tions with  an  elevated  conoidal  spire  ;  margin  reflected,  partly  cover- 

ing the  umbilicus. 

Dimensions. — Diameter  y^ths,  elevation  -j^ths  of  an  inch. 
This  species  occurs  in  considerable  numbers,  and  was  obtained 

from  a  marly  deposit  (bed  C  of  the  section),  of  a  bright-red  colour, 
at  the  Monastery  of  St.  George,  and  of  a  yellow  tinge  from  the 

Gorge  of  Iphigenia.  It  was  associated  with  "the  two  next  following species. 
It  bears  a  considerable  resemblance  to  the  recent  H.  arbustorum, 

but  is  smaller,  and  the  spire  not  quite  so  elevated. 

Dedicated  to  M.  Du  Bois  de  Montpereux,  to  whom  we  are  in- 
debted for  so  full  a  description  of  the  geology  of  that  country,  in  his 

great  work  on  the  Crimea  and  the  Caucasian  Provinces. 
l2 
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109.  Helix  Bestii,  sp.  nov.     PI.  X.  fig.  2,  a-c. 

Shell  small,  depressed  above,  forming  an  obtuse  angle  on  the  body- 
whirl  ;  under-side  tumidly  convex ;  about  four  whirls ;  umbilicus 
moderately  sized  and  deep  ;  slightly  reflected  peristome. 

Dimensions. — Diameter  y^ths,  elevation  y<jths  of  an  inch. 
This  species  was  found  associated  with  Helix  DuBoisii  and  Bulimus 

Sharmani,  &c,  in  light-brown  marl. 
Loc.  Gorge  of  Iphigenia. 
Dedicated  to  Edward  Best,  Esq.,  of  the  Geological  Survey  of 

Great  Britain. 

110.  Bulimus  Sharmani,  sp.  nov.     PI.  X.  fig.  3,  a,  b. 

Shell  small,  obtusely  turreted ;  whirls  5  to  7,  more  or  less  irre- 
gular in  form  and  number  ;  aperture  oval. 

Dimensions. — Height  y%ths,  breadth  -f^ths  of  an  inch. 
Loc.  Gorge  of  Iphigenia. 
Dedicated  to  George  Sharman,  Esq.,  of  the  Geological  Survey  of 

Great  Britain. 

111.  Planorbis  obesus,  sp.  nov.     PI.  X.  fig.  5,  a-c. 
Shell  small,  orbicular,  and  very  stout,  having  six  whirls,  which 

almost  cover  each  other ;  aperture  compressed  and  oblique. 

Dimensions. — Diameter  yth,  thickness  of  outer  whirl  y\ftfi  of  an 
inch. 

Found  associated  with  the  previously  described  land-shells,  Nos. 
108,  109,  and  110. 

Loc.  Gorge  of  Iphigenia. 

112.  Planorbis  cornucopia,  sp.  nov.     PI.  X.  fig.  4,  a,  b. 

Shell  large,  formed  of  four  nearly  round  volutions  separated  by  a 
deep  suture,  the  outer  volution  having  two  or  three  transverse  con- 
strictions. 

Dimensions. — Diameter  1  inch,  thickness  of  outer  whirl  -^-ths  of 
an  inch. 

Loc.  Of  this  elegantly  formed  freshwater  shell,  the  finest  spe- 
cimen is  in  the  Woolwich  Royal  Artillery  Institution,  collected  from 

before  Sevastopol  by  Major  Anderson,  R.A.  One  other  specimen 
was  obtained  by  Captain  Cockburn  from  the  Gorge  of  Iphigenia 
(bed  P  of  the  section). 

113.  Cyclostoma  reticulatum,  sp.  nov.     PI.  X.  fig.  6,  a,  b. 

Shell  turbinated;  surface  spirally  striated  and  crossed  by  very 
fine  transverse  lines ;  axis  perforated ;  aperture  nearly  circular ; 
whirls  4  or  5. 

Dimensions  of  imperfect  cast. — Axis  y^-ths,  diam.  y^ths  °f  an  mcn* 
This  cast  retains  a  portion  of  the  shell  attached,  showing  distinctly 

its  reticulated  sculpture. 
Loc.  Gorge  of  Iphigenia  (bed  C  of  the  section).  Associated  with 

the  land-shells  before  described. 

Prosobranchiata. 

114.  Turbo,  sp.     Casts  of  a  large  turbinated  shell,  which  may 
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be  referred  to  this  genus,  too  imperfect  for  description,  were  col- 
lected by  Major  Cooke  from  the  Redan. 

115.  Trochus  Corderianus,  D'Orb.  Voy.  Horn. 
Very  abundant  at  the  Quarantine  Harbour,  sixteen  specimens 

having  been  obtained  from  that  locality,  the  deposit  in  which 
they  were  imbedded  being  a  fine-grained  compact  yellowish  marl, 
particularly  rich  in  specimens  of  this  genus  :  they  are  mostly  in 
beautiful  preservation,  the  shells  having  become  crystallized. 

116.  Trochus  Fenonianus,  D'Orb.  Voy.  Horn. 
Loc.  Quarantine  Harbour. 

117.  Trochus  Pageanus,  D'Orb.  Voy.  Horn. 
Loc.  Quarantine  Harbour. 

118.  Trochus  Murchisoni,  sp.  nov.     PI.  X.  fig.  13. 

Shell  obtusely  conical,  elevated,  having  five  or  six  volutions ; 
slightly  convex,  with  about  three  transverse  somewhat  granular 
ridges  on  each  whirl ;  base  convex,  imperforate  ;  aperture  suborbi- 
cular. 

Dimensions. — Axis  1-^-ths,  diameter  y^ths  of  an  inch. 
Loc.  Quarantine  Harbour. 
Dedicated  to  Sir  Roderick  I.  Murchison,  Director- General  of  the 

Geological  Society  of  Great  Britain. 

119.  Trochus  Andersoni,  sp.  nov.     PI.  X.  fig.  14,  a,  b. 

Shell  conical,  with  flat  sides  and  elevated  spire ;  volutions  six, 
ornamented  with  about  five  irregular  elevated  ridges ;  base  nearly 
flat ;  columella  suboblique  ;  aperture  trapeziform. 

Dimensions. — Axis  -j^ths,  diameter  y^ths  of  an  inch. 

Allied  to  T.  Voronzoffi  and  T.  Pageanus,  D'Orb.  Voy.  Horn.,  but 
differs  from  the  latter  species  by  its  smaller  diameter,  and  in  the 
ridges  not  being  granulated. 

Loc.  Monastery  of  St.  George. 
Dedicated  to  Major  Anderson,  Royal  Artillery. 

120.  Trochus  Beaumontii,  D'Orb.  in  Voy.  Horn. 
Loc.  Monastery  of  St.  George. 

.  21.  Trochus  Blainvillei,  D'Orb.  in  Voy.  Horn. 
Cast  of  the  interior. 

Loc.  Gorge  of  Iphigenia. 

122.  Trochus  Hommarei,  D'Orb.  in  Voy.  Horn. 
Loc.  A  fine  and  perfect  specimen  from  the  Quarantine  Harbour 

collected  by  Capt.  Cockburn,  and  a  less  perfect  one  from  Sevastopol 
collected  by  Major  Anderson,  R.A. 

123.  Trochus  pulchellus,  sp.  nov.     PI.  X.  fig.  15,  a,  b„  c. 

Shell  very  small,  with  an  acutely  elevated  spire  ;  whirls  five,  orna- 
mented with  three  sharp  much- elevated  and  crenulated  transverse 

ridges ;  base  convex ;  aperture  suborbicular ;  umbilicus  small. 
Dimensions. — Axis  y^ths,  diameter  y%ths  of  an  inch. 
Loc,  Quarantine  Harbour. 
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124.  Trochus  Sutherlandii,  sp.  nov.     PL  X.  fig.  16,  a,  b. 

Shell  with  a  short  pyramidal  spire  ;  whirls  rounded,  five  in  num- 
ber ;  base  convex,  slightly  umbilicated  ;  body-whirl  with  four  or  five 

slight  and  unequally  distant  spiral  carinations,  crossed  by  numerous 
faint  and  regular  transverse  lines  ;  aperture  nearly  circular. 

Dimensions. — Axis  ̂ jths,  diameter  -j^ths  of  an  inch. 
Loc.  Monastery  of  St.  George. 
Dedicated  to  Dr.  Sutherland,  of  the  Sanitary  Commission,  Army 

of  the  East. 

125.  Trochus  Lygonii,  sp.  nov.     PL  X.  fig.  17,  «,  b. 

Shell  depressedly  conical,  trochiform, volutions  four,  convex :  suture 
broad ;  aperture  subcircular ;  umbilicus  large  and  deep. 

Dimensions. — Axis  -^-ths,  diameter  -]-§-ths  of  an  inch. 
Loc.  Monastery  and  Gorge  of  Iphigenia,  collected  by  Captain 

Cockburn ;  also  casts  of  two  small  specimens  from  the  Redan,  col- 
lected by  Major  Cooke. 

Dedicated  to  Lieut.-Col.  Charles  Lygon  Cocks,  of  the  Grenadier 
Guards. 

126.  Littorina  Monastica,  sp.  nov.     PL  X.  fig.  9,  a-c. 
Shell  globular,  imperforate  ;  spire  small,  obtuse ;  volutions  three, 

spirally  striated  and  crossed  by  faint  transverse  lines  of  growth ; 
aperture  large,  nearly  circular  ;  inner  lip  callous,  covering  part  of  the 

body-whirl. 
Dimensions. — Axis  -A-ths,  diameter  -ths  of  an  inch. 

Loc.  Monastery  of  St.  George. 

127.  Paludina  achatinoides,  Desh.  Mem.  Soc.  Geol.  France, 
1838,  p.  64.  pi.  5.  f.  6,  7. 

Loc.  Kertch.     In  iron-ore.     Collected  by  Dr.  M'Pherson. 

128.  Cerithium  Cattley^e,  sp.  nov.     PL  X.  fig.  12,  a,  b. 

Shell  turreted  ;  spire  short ;  whirls  five,  with  about  three  rows  of 
largely  granulated  bands ;  aperture  subquadrate  ;  columella  recurved 
and  without  a  fold. 

Dimensions. — Axis  -^ths,  diameter  -j%ths  of  an  inch. 

Allied  to  C.  Taitboutii,  D'Orb.  Voy.  Horn. ;  the  tubercles  are, 
however,  more  distinct  and  fewer  on  each  whirl. 

Loc.  Monastery  of  St.  George. 
There  are  also  two  specimens  in  the  British  Museum  Collection, 

presented  by  Mrs.  Cattley,  to  whom  this  species  is  dedicated. 

129.  Cerithium  cochleare,  sp.  nov.     PL  X.  fig.  10,  a-c. 

Shell  elongate,  turreted,  regularly  tapering  ;  whirls  seven  in  num- 
ber, with  longitudinal  ribs  ;  aperture  subquadrate. 

Dimensions. — Axis  ̂ ths,  diameter  p0ths  of  an  inch. 
Loc.  Gorge  of  Iphigenia  (bed  J). 

130.  Cerithium  truncatum,  sp.  nov.     PL  X.  fig.  11,  a,  b. 

Shell  small,  turreted,  obtusely  conical ;  whirls  four  ;  outline  of  the 
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spire  slightly  swollen  towards  the  middle,  top  obtuse  as  if  truncated, 
ornamented  with  three  bands  transversely  striated  and  elevated  into 
costae ;  aperture  subquadrate. 

Dimensions. — Axis  p^-ths,  diameter  j-^th  of  an  inch. 
Loc.  Gorge  of  Iphigenia. 

131.  Pleurotoma  Chersonesus,  sp.  nov.    PI.  X.  fig.  19,  a-c. 

Shell  fusiform,  turreted,  lower  whirl  with  ten  longitudinal  costae, 
having  two  rows  of  nodules  at  the  upper  part  of  each  whirl,  trans- 

versely striated ;  aperture  elongato-ovate,  with  a  short  sinus  at  its 
upper  part. 

Dimensions  of  imperfect  specimen. — Axis  ̂ jths,  diameter  3%ths  of 
an  inch. 

Loc.  Gorge  of  Iphigenia  and  the  Monastery  (bed  R  of  the  sec- 
tion) . 

132.  Pleurotoma  laqueata,  sp.  nov.     PI.  X.  fig.  18,  «,  b. 

Shell  turriculate  and  fusiform,  volutions  elongated  and  longitudi- 
nally costated,  passing  into  two  rows  of  obtuse  nodules  next  the 

suture ;  aperture  elongato-ovate. 
Dimensions  of  imperfect  specimen  with  two  whirls. — Axis  ̂ ths, 

diameter  -j^-ths  of  an  inch. 
Loc.  Monastery  of  St.  George  (bed  R  of  the  section). 

133.  Buccinum  obesum,  sp.  nov.     PI.  X.  fig.  20,  a,  b. 

Shell  ovato-conical ;  whirls  ventricose  with  distant  slightly  raised 
costae  ;  aperture  oval ;  canal  short  and  reflected. 

Dimensions  of  cast. — Axis  ̂ ths,  diameter  f^ths  of  an  inch. 
Loc.  Monastery,  and  the  Gorge  of  Iphigenia  (bed  R  of  the  sec- 

tion). 

134.  Buccinum  angustatum,  sp.  nov.     PI.  X.  fig.  21,  a,  b. 

Shell  elongated  oval,  narrow ;  whirls  four  or  five,  with  about  ten 
slightly  raised  and  distant  costae  ;  aperture  oval ;  canal  short. 

Dimensions.— -  Axis  -^ths,  diameter  -j^-ths  of  an  inch. 
Loc.  Monastery  of  St.  George. 

135.  Buccinum  moniliforme,  sp.  nov.     PI.  X.  fig.  22,  a,  b. 

Shell  ovato-conical ;  whirls  five,  angular ;  spire  elevated,  with 
slightly  raised  costae  ;  the  upper  part  of  the  whirl  bears  an  angular 
band  of  elongated  obtuse  nodules,  and  a  row  of  bead-like  obtuse  no- 

dules next  the  suture  of  each  whirl ;  aperture  oval ;  canal  short  and 
reflected. 

Dimensions. — Axis  ̂ ths,  diameter  ̂ ths  of  an  inch. 
Loc.  Gorge  of  Iphigenia. 

136.  Buccinum  Doutchin^e,  D'Orb.  Voy.  Horn.  pi.  3.f.  20-22. 
Loc.  Monastery  of  St.  George. 

137.  Buccinum  Daveluinum,  D'Orb.  Voy.  Horn.  pi.  3.  f.  23. 
Loc.  Monastery  of  St.  George. 
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138.  Buccinum  corbianum,  D'Orb.  Voy.  Hom.pl.  3.  f.  24,  25. 
Loc.  The  Quarantine,  Monastery,  and  the  Gorge  of  Iphigenia. 

139.  Buccinum  dissitum,  Eichw.  Murch.  Russia,  pi.  43.  f.  35,  36. 

Loc.  The  Monastery,  and  the  Gorge  of  Iphigenia. 

A  few  remarks  naturally  arise  from  an  examination  of  the  species. 

Commencing  with  the  oldest  or  Jurassic,  these  bear  the  greatest  re- 
semblance in  specific  identity  to  those  of  our  own  country ;  the 

characteristic  examples  of  Terebratula  numismalis  from  the  lowest 
fossiliferous  beds  serving  to  point  out  the  shales  of  the  Woronzoff 
road  to  be  equivalent  with  those  of  our  Lower  Lias,  as  the  presence 
of  Rhynchonella  acuta,  Gryphcca  incurva,  Ammonites  Jurensis,  and 
A.  jimbriatus  from  the  village  of  Biasali,  indicates  the  Marlstone  or 
Middle  division  of  the  Lias. 

The  fossils  received  from  Balaclava  (principally  Brachiopoda) 
appear  to  be  related  to  forms  from  the  Lower  or  Inferior  Oolite, 
although  for  the  most  part  specifically  distinct  from  any  met  with 
in  England ;  Rhynchonella  senticosa,  an  Inferior  Oolite  species,  being 
the  only  one  I  have  been  enabled  to  identify  from  that  locality. 

Fossils  from  the  intermediate  formations  of  the  Secondary  age  are 
absent  in  this  collection,  although  several  species,  principally  Cepha- 

lopoda, are  catalogued  as  belonging  to  the  Oxfordian  division  from 
Baktchserai  by  M.  Du  Bois  de  Montpereux,  and  from  Kobselon  the 

south  coast  of  the  Crimea  by  M.  D'Orbigny. 
In  this  collection  are  contained  several  species,  principally  Zoo- 

phyta,  from  Soudaxioxia,  forming  part  of  a  series  formerly  presented 
to  the  Museum  of  Practical  Geology  by  the  Imperial  School  of  Mines 
at  St.  Petersburg,  These  fossil  corals  are  perfectly  undistinguish- 
able  from  similar  species  met  with  in  the  Coral  Rag  of  Steeple 
Ash  ton. 

The  Neocomian  or  Lower  Greensand  group,  as  well  as  the  upper 
division  of  the  Cretaceous  series,  has  some  few  fossils  identical  with 

British  species.  The  principal  part  of  the  fossils  from  this  forma- 
tion are  from  Baktchserai,  and  are  catalogued  by  M.  Du  Bois  in 

his  '  Tableau  de  Fossiles  de  la  Craie  en  Crimee/ 
An  interesting  form  of  spiral  bivalve  belonging  to  the  Chamidce, 

allied  to  our  Requienia  (Diceras)  Lonsdalii,  but  more  nearly  to 
Requienia  Ammonia,  Matheron,  occurred  in  great  abundance,  ac- 

companied by  a  large  Nerincea  allied  to  N.  gigantea.  Many  frag- 
ments of  these  species  were  collected  by  Major  Hudson,  39th  Regi- 

ment, from  a  very  coarse  crystalline  limestone  used  in  the  construc- 
tion of  roads  between  Balaclava  and  the  Plateau. 

The  Upper  Chalk  of  Inkerman  has  supplied  several  species  (prin- 
cipally Ostrea)  common  to  our  own  country ;  the  most  important 

and  beautiful  fossil,  as  well  as  the  most  abundant,  from  this  locality 
is  the  Crania  spinulosa,  Nilsson,  before  alluded  to. 

The  Nummulitic  or  Older  Tertiary  fossils  are  also  principally  ca- 

talogued by  M.  Du  Bois  in  his  '  Tableau,'  as  occurring  at  Baktch- 
serai.    This  collection  contains  some  large  and  characteristic  species 
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from  Simferopol,  amongst  which  are  the  large  Echinoderm  called 
Conoelypus  conoideus,  Ostrea  giganteay  and  Cerithium  giganteum. 
Of  the  Foraminifera  the  principal  species  are  Nummulites  distans, 

Deshayes,  and  Nummulites  Raymondi,  D'Archiac  (N.  rotularius, 
Desh.).  Several  species  of  Mollusca  included  in  M.  Du  Bois'  list, 
such  as  Cardium  porulosum,  Cerithium  giganteum,  Fusus  turgidus, 
Voluta  muricina,  and  V.  luctatrix,  with  Turritella  imbrieataria, 
are  common  in  the  Barton  and  Bracklesham  beds  of  this  country. 

The  Middle,  or  Newer  Tertiary  formation,  which,  under  the  name 
of  Steppe  Limestone,  covers  the  largest  extent  of  country  in  the 
Crimea,  is  abundant  in  fossils  having  peculiar  characters  different 
from  those  of  any  deposit  in  England,  being  closely  analogous  to 
forms  at  present  existing  in  the  great  inland  salt  seas  of  the  Aral 
and  Caspian.  The  peculiar  forms  of  Cardium  and  Dreissena  found 
in  the  deposits  of  iron-ore  near  Kertch  and  in  other  parts  of  the 
Crimea,  of  brackish-water  origin,  are  believed  to  indicate  the  former 
existence  of  a  great  inland  sea,  of  which  the  Aral  and  Caspian  are 
remnants,  but  which  was  larger  than  the  present  Mediterranean ;  a 
belief  of  which  the  illustrious  Pallas  was  the  first  propounder. 

The  Mollusca  from  other  Newer  Tertiary  deposits  near  Sevas- 
topol are  more  marine  in  their  character,  the  Bivalves  belonging 

principally  to  the  genus  Cyprina,  the  Univalves  to  peculiar  forms 
of  Buccinum  and  Trochus :  of  the  latter,  1 1  species  were  collected, 

6  being  identical  with  forms  figured  in  the  ( Voyage  of  M.  Hom- 
maire,'  and  described  by  M.  D'Orbigny,  from  Kichinev  in  Bessarabia : 
they  also  occur  in  the  Tertiary  deposits  of  Podolia  and  Volhynia, 
indicating  a  probable  contemporaneity  of  all  these  geological  forma- 
tions. 

Table  of  Jurassic  Fossils  found  in  the  Crimea. 

o  * 

s-i 
s  a. 

Name.                                              Locality. Lias. Infer. Oolite. (Oxfordian) Coral  Rag. 

Amorphozoa. 
1 Scyphia  Cockburnii,  Baily.  PI.  VIII. 

fig.  1  a,  b. 

Zoophyta. 

Near  the  Monastery  of 
St.  George. 

* 

1 
1 
1 
1 
1 

Soudaxioxia   

* 

* 

* 
Thecosmilia  annularis,  Flem.,  sp. ... 

  ?  Astraea  polygonalis,  Mich. 
Between  Monastery  and 

Balaclava. 
2 
3 

Thamnastraea  arachnoides,  Par£.,sp. 
* 

* 
Between  Monastery  and 

Balaclava. 
1 Montlivaltia  trochoides,  Edw   # 

Echinodermata. 

1 
2 
8 

* 
* 

* 
Gorge  of  Iphigenia     ... 

  Blumenbachii  (spines),  Gold/.. 
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M-i      - 

O    "1 

11 
Name. 

Cidaris  glandifera,  GoM/l 

Apiocrinites     incrassatus,     Roemer 

(joints). Pentacrinites  basaltiformis,  Mill.  ... 
Starfish  (plates)   

Mollusca. 

Terebratula  numismalis,  Lam   
  rotundata?,  Rmmer     , 
  Jamesii,  Baily.  PI.  VIII.  fig.  2. 
  subovoides  ?,  Miinst   , 

perovalis  ?,  Sow   
Strogonofii?,  If  Orb. 

Terebratulina  radiata, Baily.  PL VIII. 

fig.  3  a-d. 
Rhynchonella  Cookei,  Baily.  PI. VIII. 

fig.  5  a,  b. 
   pectinata,   Baily.      PI.  VIII. 

fig.  4  a,  b. 
  senticosa,  VonBuch    
  acuta,  Sow   

variabilis  ?,  Schloth. 
Avicula  decussata,  Miinst.  (Du  Bois) 
Ostrea,  sp   

sp   

sp 

Gryphaea  dilatata,  Sow   
—  incurva,  Sow   

Cardium  aequistriatum,  Baily. 
VIII.  fig.  6  a,  b. 

Astarte  complanata,  Rcemer  ... 

Pholadomya  conformis,  D'Orb. 
Natica,  sp   

Locality. 

Between  Monastery  and 
Balaclava. 

do   
1  mile  W.  of  Balaclava . 
Between  Monastery  and 

Balaclava. 
Soudaxioxia   

Gorge  of  Iphigenia   

Woronzoff  Road  . . ;   
Woronzoff  Road   
Balaclava   
Between  Monastery  and 

Balaclava. 
Biasali   

Iphigenia   Balaclava   

Balaclava. 

Iphigenia. 
Balaclava. 
Biasali 

Iphigenia. 

PI 

Nerinaea  grandis,  D'  Orb   
Chemtiitzia  Heddingtonensis,  Sow.. 
Belemnites  latisulcatus,  Voltz   

hastatus,  Blainv   

Ammonites  Uralensis  ?,  D'Orb   , 
Raquinianus  ?,  D'  Orb   Jurensis,  Zieten   
fimbriatus,  Sow. 

  1  Brongniartii  ?,  Sow.  (Du  Bois) 
giganteus,  Sow.  (Du  Bois)   , 
perarmatus,  Sow.  (DuBois)  ... 

lunula,  Zieten  (D'Orb.)      
viator,  D'Orb   
Tatricus,  Pusch   

Hommarei,  D'Orb   
Adehe,  D'Orb   
tortisulcatus,  D'Orb   

Trigonellites,  sp.  ?      
Theodosia,  Desk. 

Rhynchoteuthis  antiquatus,  D'Orb. 

Karani   
Woronzoff  Road   
I  mile  W.  of  Balaclava . 
Soudaxioxia   
Biasali  Village   
Woronzoff  Road   

Lias. 

Marlstone 

Marlstone. 

Woronzoff  Road   
S.  Coast,  Crimea   
Between  Monastery  and 

Balaclava. 
Vil.  Djanatai     

Kobsel   
Kobsel   
1  mile  W.  of  Balaclava . 
Vil.  Biasali   

do   
do   

Baktchserai   
do   
do   

Kobsel,  S.  Coast,  Crimea 
do.  do.  ... 
do.  do.  ... 
do.  do.  ... 
do.  do.  ... 

Kobsel  and  Soudagh 
Woronzoff  Road   

*? 

Marlstone? 

* 

Marlstone. 
Marlstone. 
Marlstone. 

Infer.   (Oxfordian) 
Oolite. |  Coral  Rag. 

*? 

Callovian 
Low.  Oxf. 

Portland? 

Low.  Oxf. 

* Low.  Oxf. 
Oxford. 



4857.] BAILY   FOSSILS  FROM  THE  CRIMEA. 
155 

Table  of  Cretaceous  Fossils  found  in  the  Crimea. 

{Lower  Cretaceous  or  Neocomian.) 

14 
^<     T. 

Name. 

Amorphozoa. 

Scyphia  Oeynhausii,  Gold/.  ... 

—  farcata,  Goldf     
Manon  capitatum,  Goldf. 

Zoophyta. 

Astrasa  tubulosa,  Goldf.,  &  var 
  caryophylloides,  Goldf.... 
  continua,  Goldf. 
  cristata,  Goldf. 
Maeandrina   
Turbinolia     
Lithodendron    
Pavonia     (?  Fungia 

Goldf.)   

Authority. 

Du  Bois  de  Montpereux,  Tableau  de 
Fossiles  de  la  Craie  en  Crimee 
do.  do. 
do.  do. 

discoidea, 

Ech  inoderma  ta. 

Discoidea  macropyga,  Desm. 
Cidaris  clunifera,  Agas   , 

—  vesiculosa,  Goldf.    , 
— ,  n.  s   

Dysaster  cordatus,  Baier    . . 

do. 
do. 
do. 
do. 

do. 

do. do. 

do. 

do. do. 
do. 
do. 
do. do. 

do. 

do. 

Locality. 

Baktchserai. 

do. 
do. 

do. 
do. do. 
do. 

do. 
do. 
do. 
do. 

Bryozoa. 

Ceriopora  dichotoma,  Goldf. 
  striata,  Goldf.   
  micropora    

Mollusca. 

Terebratulina  striata,  Wahl. 
erebratula  biplicata,  Sow... 
  flabellata,  Goldf.      
  diphya,  Von  Buck   
—  decipiens,  DuBois   

vicinalis,  Schlot. 
Rhynchonella  alata,  Goldf. 

sp. 
Ostrea  colubrina,  Lam   

nodosa,  Miinst   
frons  ?,  Park,   (gregaria, 

Du  Bois). 
—  exogyra,  Mich.  ...... 

Pecten,  sp   
Lima  ovalis,  Desk   
  elongata,  Miinst.    ... 
Spondylus      
Exogyra  Couloni,  Befr. ... 
  lateralis,  Nils   
H —  minima,  Du  Bois  ... 
Gervillia  solenoides,  Defr. 

do. 
do. 

do. 

do. 
do. 

do. 

do. 
do. do. 

do. do. 

do. 

Du  Bois,  Voy. au  Cauc.  pi.  1. f.  2-4. Crimea. 

DuBois,  Tableau  defoss.  de  la  Craie. Baktchserai 
do. do. 

do. 

do. do. 
do. 

do. do. 
do. 

do. do. 
do. 

do. 
do. do. 

do. do. do. 

do. do. do. 
do. 

do. 
do. 

do. 
do. do. do. 
do. 

do. 
do. do. 

do. 

do. 
do. 

do. 
do. do. do. 

do. 
do. 

do. 
do. 

do. 
do. do. 

do. do. 
do. do. do. 
do. 

do. 
do. 

do. 

do. 

do. 

do, do. do. 

do. 
do. 

do. 

do. 
do. 

do. 
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Table  of  Cretaceous  Fossils  (continued). 
2  £ 
■°  a a  I -    4> 

20 

1 
12 
1 

Name. 

Area  globosa,  Du  Bois 
— ,  sp.  nov   

Requienia,  sp.  nov   , 
?  Prionia  globosa,  Ag   , 
Corimya  taurica,  Ag   
Triton,  sp   
Natica  praelonga,  Desh   

Nerinsea  gigantea?,  D'H.-Firm 
  ,  sp.  nov   
Ampullaria  ?  speculi 

Nautilus  pseudo-elegans,  Z)'0r£. Ammonites  hircinus,  Schl.   
  depressus,  Schl.   
  dubius,  Schl.    
  ascendens,  Du  Bois     

Tauricus,  Du  Bois 
Hamites  parallelus,  Du  Bois 

annulatus,  Du  Bois     .. 
intermedius,  Sow   
artnatus,  Sow. 

Ancyloceras  (H.)  plicatile,  Sow. 

Authority. 

Du  Bois,  Tableau  de  foss.  de  la  Craie. 

Baily      
Du  Bois,  Caucas   

do.    
Du  Bois,  Tableau,  &c   

Baily;  D'Orb.  Ter.  Cret.  pi.  172   . 
Baily ;  D'Orb.  Ter.  Cret.  ii.  pi.  158. 
Baily      
DuBois,  Tableau,  &c   
D'Orb.  Ter.  Cret.  pi.  8,  9    
Du  Bois,  Tabl.,  &c   

do.    

Locality. 

do. 
do. 
do. 
do. 
do. 

do. do. 
do. 

Baktchserai. 

Near  Balaclava. 
Baktchserai. do. 

do. 
Near  Balaclava. do. 

do. 

Baktchserai. 
Crimea  loc.  ? 
Baktchserai. 

do. do. 

do. 
do. 
do. 
do. 

do. 
do. 

do. 

(Middle  and  Tipper  Cretaceous,  or  Albian,  Cenomanian,  and  Hippuritic D'Orbigny). 

o  « Name. 

Amorphozoa. 

Scyphia  Oeynhausii,  Goldf.   ... 

  Sackii,  Goldf.   

Echinodermata. 

Pentacrinites,  sp   
Caratomus  avellana,  Agas   
Hemiaster  ?  stellatus,  Du  Bois.. 

Bryozoa. 

Eschara,  sp   
  stigmatophora  ?,  Goldf.... 
  ?  (Aulopora)  ramosa,  Hag. 
Ceriopora  micropora,  Goldf. ... 
  dichotoma,  Goldf.   
  diadema?,  Goldf.    

Mollusca. 

Terebratula  semiglobosa,  Sow. 
  camea,  Sow   
Rhynchonella,  sp   

■  ■  ?  pectiniformis,  Faujas  ... 

Authority. 

Du  Bois,  Tableau  de  Foss.  de  la 
Craie  en  Crimee. 
do.  do. 

do. 
Du  Bois,  Caucas. 

do.        do. 

do. 

Baily    
Du  Bois,  Tableau,  &c. 

do.  do. 
do.  do. 
do.  do. 
do.  do. 

Baily   
Du  Bois,  Tableau,  &c. 

do.  do. 
do.  do. 

Locality. 

Baktchserai 

do.    ... 

do.     ... 

Baktchserai 

Vil.  Badrax 
Baktchserai 

do.     ... 

do.     ... 
do.     ... 

Formation. 

Vil.  Badrax 
Baktchserai do.    ... 

U.  Chalk? 

U.  Chalk. 

U.  Chalk. 
U.  G.  S. ? 
Gault  ? 

U.  G.  S. 
Gault  ? 

Gault? 
U.  G.  S. 

Ch.M. 

L.Ch. 
L.&U.Ch. 
Ch.M. 

do.    ...Ch.M. 
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Table  of  Cretaceous  Fossils  (continued). 

157 

O   1> 

•§.§ 
e  u 

SSS1 35 

1 

9 

Crania  spinulosa,  Nils   
Ostrea  biauriculata,  LamJc., 

—  ventilabrum  ?,  Gold/. 

—  frons,  Park,    (carinata, Sow.) 

—  vesicularis,  Lamh   

—  flabelliformis,  Nils.    . . 
—  flabellata,  2)'  Or b   
—  hippopodium,  Nils.    . . 
—  laciniata,  Nils   , 
—  curvirostris,  Nils   
— ,  sp   

Exogyra  haliotoidea,  Lamh. 
—  columba,  Lam   

Name. 

—  eonica,  Sow.  (decussata, Gold/.) 

Pecten  orbicularis ,  Nils   
cicatrisatus,  Gold/. 

Pecten  quinquecostatus,  Sow.  \ 
Janira  Podolica,D'  Or  o.  Prod.  J 
Lima,  sp.  (with  fine  striae)   

canalifera,  Goldf. 
Spondylus  spinosus, Sow.,sp.... 

AviculaLaripes(M orton)D'  Orb. 

Authority. 

Baily      
Du  Bois,  Tableau,  &c. 

do.  do. 

do. 

do. 

do. ;  Baily 

do. ;  Baily 

do.  do   
Baily      
do   
do   
do   
do   
do   

Du  Bois,  Tableau,  &c. ;  Baily. 

do. do. 

—  ?  Lithuana,  Eichw. 
—  tenuicostata,  Roem. 

Aviculina  ?    
Vulsella,  sp   
Inoceramus  Cuvieri,  Sow. 

Cardium  conniacum  ?,  D'Orb... 
— »spp   

Lucina,  sp   
Acropagia?,  sp   
Astarte  ?,  sp   
Crassatella,  sp   
Acteonella  or  Globiconcba   
Natica?  crassatina,  Lamk   
— ,  sp   
— ,  sp   

Turritella,  sp   
Belemnitella  mucronata,  Schlot 
Nautilus    
Ammonites  asper,  Von  Bitch. 
(   constrictus,  Du  Bois) 
Scaphites  constrictus,  Soiv, 

do.  do   
do.  do   

D'Orb.  Voy.  Horn.  p.  440.  pi.  6 
f.  21-24. 
do.  do   
do.  do   
do.  do   

in  Murch.  Russ.  ii.  p.  490.  pi.  43 

f.  5-7. 
Baily   , 
Voy.  Horn   , 
DuBois,  Tableau, &c   

do.  do   , 
Du  Bois,  Tableau,  &c   , 
Baily      
do   , 
do   , 
do   
do   
do   
do   

Du  Bois,  Tableau,  &c   
Baily      
do   
do   

Du  Bois,  Tableau,  &c   
do.  do   

Locality. 
Formation. 

ch.'l 

Vertebrata.    Pisces. 

Lamna?   

do.  do. 
Pal.  i.  p.  522., 

D'Orb. 

} 

Inkerman... 
Baktchserai 

do.    ... 

Baktchserai, 
&  Badrax. 

Baktchserai, 
Inkerman,  & 

Badrax. 
Baktchserai 
Badrax   
Inkerman... 

do.      ... 
do.      ... 
do.      ... 
do.      ... 

Baktchserai 
&  Badrax. 

Baktchserai 

do.  ... 
do.  ... 
do.     ... 

do.  ... 

do.  ... do.  ... 

do. 

Badrax   

Baktchserai 
do.      .. do.      .. 
do.      .. 

Inkerman.. 
do.     .. 
do.     .. 
do.      .. 

do.     .. 
do.      .. 

do.  .. 
Baktchserai 
R.  Alma 
Inkerman... do. 

Baktchserai 

do. 

do. 

Baily 

Inkerman... 

U.Ch. 
Gault  ? 
Gault  & 

U.  G.  S. 
Ch.M.& 
U.  G.  S. Ch.  M., 

L.  Ch.,  & 
U.Ch. 
U.Ch. 
U.  G.  S. 
U.Ch. 
U.Ch. 
U.Ch. 

U.Ch. 
U.Ch. 
Gault  & 
U.  G.  S. 
U.  G.  S. 

U.  G.  S. 
U.  G.  S. 
U.  G.  S. 

U.  G.  S. 
Ch.  M. 
U.Ch. 

U.  G.  S. 
Ch.M. 
U.Ch. 
Gault. 
U.Ch. 
U.Ch. 
U.Ch. 

U.Ch. 
U.  Ch. 
U.Ch. 
U.Ch. 
U.Ch. 
Ch.M. 
U.  G.  S. 
U.Ch. 
U.Ch. 
U.Ch. 
Ch.M. 

Gault? 

U.Ch. 
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Table  of  Older  Tertiary  Fossils  found  in  the  Crimea. 

(Nummulitic  =Suessonian,  D'Orbigny.) 

Name. 

Foraminifera. 

Nummulites  distans,  Desk. 
Raymondi,  Desk.    ....   

Authority. 

Deshayes;  Baily. 
do.        do.  . 

Echinodermdta. 

Conoclypus  conoideus  (Clypeaster 
DuBoisii),  Ag. 

Spatangus  depressus,  Du  Bois 
Amblypygus  latus,  Ag   

Mollusca. 

Terebratula  vitrea  ?,  Lamk.   ., 
Ostrea  gigantea,  Brander    
Pecten,  sp   
Spondylus  asperulus,  Munst... 
Cardium  porulosum,  Brander 
Crassatella  tumida,  Lamk   
Isocardia,  sp   
Trigonia,  sp   .   
Murex,  sp   
Fusus  Ficulneus,  Lamarck   
Oliva   
Voluta  rnuricina,  Lamk   
  luctatrix,  Sow   , 
Mitr a  tereb  ellum ,  Lamk   
Ovula  tuberculosa,  JDucIos   
Cerithium  giganteum,  Lamk.., 
Turritella  imbricataria,  Lamk. 
Trochus  giganteus,  Du  Bois  ., 

Cat.  p.  109  ;  Echin.  Suiss.  i.  p.  64. 
pi.  10.  f.  16;  p.  67.  pi.   10. 
f.   11-13;   Du  Bois,  Voy.  au 
Caucase. 

Voy.  au  Caucase,  pi.  1.  f.  16. 

} 

Du  Bois, 
Tableau,  &c.   

Deshayes 
Du  Bois, Tableau,  &c   

do. do   
do. do   
do. do   
do. do   do. 

do.        
do. do   do. 

do   
do. do   do. 

do. 
do. 

do. do. 
do. 

do. 

do   
do   
do   
do   
do   
do   

Locality. 

Near  Simferopol 
and  Inkerman. 

Near  Simferopol, 

River  Salgbir. 

Salghir. 

Baktchserai. 
Near  Simferopol 
Baktchserai, do. 

do. 
do. 

do. do. 

do. 
do. 

do. 

do. do. 

do. do. 

do. do. 
do. 

Table  of  Middle  or  Newer  Tertiary  Fossils  found  in  the  Crimea. 

(Falunian,  D'Orbigny,) 

if 
Name. Reference. 

Locality. 

Amorphozoa. 

Foraminifera. 

Polystomella  crispa,  Linnams... 

Mollusca. 

PI.  IX.  f.  1«,  b   Monastery  of  St. 
George. 

Near  Sevastopol. 

Kertch,  in  iron-de- 

posits. 

2 

1 

Syst.  Nat.  3370    

Mem.  Geol.  Soc.  Fr.  1838,  t.  3. 

p.  61.  pi.  4.  f.  6-11. 
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Table  of  Middle  or  Newer  Tertiary  Fossils  found  in  the  Crimea  (continued)* 
O   to 

s-s 

1 

18 

1 

20 
4 

8 
1 
3 

15 

9 
8 
1 
4 

1 
3 

10 

Mollusca. 

Mytilus  Calypso,  D'Orb. 
subcarinatus,  Desh 

Dreissena  rostriformis,  Desh... 
insequivalvis,  Desh 

Name. 

Cardium  carinatum,  Desh   
planum,  Desh   
depressum,  Desh   

subemarginatum,  D'Or.  1 
(emarginatum,  Desh.)    f 
squamulosum,  Desh   
subcarinatura,  Desh   
rnacrodon,  Desh   
crassatellatuni,  Desh   , 
Gourieffi,  Desh   
paucicostatum,  Desh.    .. 
sulcatinum,  Desh, 

  subplanicostatum,  D'O.  \ 
(planicostatum,Ztes#.)  J 

  corbuloides,  Desh   
  Verneuilii,  Desh   
  ovatum,  Desh   

  Edouardi,  D'Orb   
(incertum,  Desh.)   

  subdentatum,  Desh.  .. 

  subedentulura,  D'Orb. 
(edentulum,  Desh.)    .. 

—  acardo,  Desh   
—  pseudocardium,  Desh. 
—  protractura,  Eichw.    .. 

Reference. 

Mem  Geol.  Soc.  Fr. 

p.  62.  pi.  4.  f.  12, 
ibid.  p.  61.  pi.  4.  f. 
ibid.  ibid, 

ibid.  p.  54.  pi.  2.  f. 
ibid.  p.  46.  pi.  2.  f. 
ibid.  p.  47.pl.  2.  f. 

ibid.  p.  48.  pi.  1.  f. 

1838,  t.  3 13. 

14-16   , 

ibid.  p.  48.  pi.  1.  f. 
ibid.  p.  49.  pi.  3.  f. 
ibid.  p.  49.  pi.  1.  f. 
ibid.  p.  51.  pi.  3.  f. 
ibid.  p.  52.  pi.  3.  f. 
ibid.  p.  52.  pi.  2.  f. 
ibid.  p.  53.  pi.  2.  f. 

ibid.  p.  53. 

ibid, 

16-18  . 
24-30  , 
19-23  , 

7-10    . 

14,15 

1,2,6 
3-6  ... 

7-10 

1,2... 14,15 3-5  ... 

.  p.  54. 
ibid.  p.  55. 
ibid.  p.  56. 

ibid.  p.  56. 

ibid.  p.  57. 

ibid.  p.  51. 

ibid.  p.  58. 
ibid.  p.  59. 

Voy.  Horn. 

amplum,  Baily  . 
Demidoffi,  Baily 

Fittoni,  D'Orb. 
  (six  other  species  of  Car 

dium  undeterminable,  from 

Quarantine,  Monastery,  Iphi- 
genia,  and  Sapoune  Height) 

Cyprina  Pallasii,  Baily     
—  Georgei,  Baily      
—  naviculata,  Baily    
—  ?  triangulata,  Baily     

Astarte  pulchella,  Baily , 
  quadrata,  Baily  ...t 
Venus  semiplana,  Baily  , 
  minima,  Baily    ... 

pi.  2.  f. 

pi.  1.  f. 
pi.  2.  f. 
pi.  1.  f. 

pi.  2.  f. 

pi.  1.  f. 

pi.  3.  f. 

pi.  4.  f. 
pi.  1.  f. 

pi.  6.  f. 

7,8... 11-13 

9,10 19-21 

11-13 

16-18 

3-6 
1-5 

1,2 6-8 

PI.  IX.  f.  2  a-d. 
PI.  IX.  f.  3  a-c 
Murch.  llussia... 

PI.  IX.  f.  4  a,  b. 
PI.  IX.  f.  8  a,  h 

PI.  IX.  f.  6  a-c 
PI.  IX.  f.  9    

Solen,  sp.,  Baily   
Potamomya  Iphigenia,  Baily.. 

Pholas  Hommarei,  D'Orb   

PI.  IX.  f.  10  a-c 
PI.  IX.  f.  7  a-d 
PI.  IX.  f.  5  a,  b 

PI.  IX.  f.  12  a-c 

Locality. 

Kertch,  in  iron-de- 

posits. 
do. 
do. do. 
do. do. 

do. 
do. 

do. do. 

do. do. 

do. 
do. 

do. 

do. do. 

do. 
do. 

do. 
do. 

do. 
do. 
do. 
do. 

do. 
do. 

do. 
do. 

do. 
do. 
do. 
do. 
do. 

do. 

do. 
do. do. 

do. 

do. 
do. 

PI.  IX.  f.  13  a-d... 
Voy.  Horn.  pi.  4.  f. 

do.  do. 
do.  do. 

Quarantine  Harb.  2, 
Monastery  8,  and 

Gorge  of  Iphi- 

genia 8. 

Monastery, 

do. 

Sevastopol  2,  Qua- 

rantine 1,  Mona- 
stery 1. 

  Monastery. 
  Monastery. 
  Quarantine  Harb. 
  Sevastopol  2,  Mo- 

nastery 11,  Iphi- 

genia 2. 
  Iphigenia;  bed  J. 
  Monastery. 

  Gorge  of  Iphigenia 
  Monastery  1,  Iphi- 

genia 3 ;  bed  J. 
  Quarantine  Harb 
  Gorge  of  Iphigenia. 
16-18   Iphigenia  3,  and 

|    Monastery  7. 
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Table  of  Middle  or  Newer  Tertiary  Fossils  found  in  the  Crimea  (continued), 

II 
4 
4 

22 

2 
4 

1 
3 

1 
2 

16 
1 
1 
1 
1 
2 
1 
2 

1 
1 
2 

1 
1 

16 
8 
1 
1 
1 

20 

Name. 

Tornatella  minnta,  Baily 
  inflexa,  Baily   

Helix  DuBoisii,  Baily. 

  Bestii,  Baily    
Bulimus  Sharmani,  Baily 
Limnsea  peregrina,  Desk. 
  obtusissima,  Desk... 
  velutina,  Desk   
Planorbis  obesus,  Baily  .. 
—  cornucopia,  Baily  .., 

PI.  X.  f.  2a-c   
PI.  X.  f.  3a,b   
Mem.  Soc.  Geol.  Fr.  t.  iii.  p.  63 
ibid.  f.  11   
ibid.  f.  12-14    
PI.  X.  f.  5  a-c   
PI.  X.  f.  4M   

Cyclostoma  reticulatum,  Baily 
Turbo,  sp.,  Baily   

Trochus  Corderianus,  D'Orb..., 
—  Fenonianus,  D'Orb   , 
—  Pageanus,  D'Orb   , 
—  Murchisoni,  Baily   , 
—  Andersoni,  Baily      , 
—  Beaumontii,  D'Orb   , 
—  Blainvillei,  D'  Orb   , 
—  Hommarei,  D'Orb   , 

pulchellus,  Baily   .. 
Sutherlandii,  Baily 
Lygonii,  Baily     

Littorina  Monastica,  Baily   
Paludina  achatinoides,  Desk.., 

Neritina  ?  Danubialis,  Desh. 
Cerithium  Cattleyse,  Baily.. 
  cochleare,  Baily   

truncatum,  Baily 
Pleurotoma  Chersonesus,  Baily 

  laqueata,  Baily    

Buccinum  obesura,  Baily 

angustatum,  Baily... 
moniliforme,  Baily 

Doutchinae,  D'Orb. 
Daveluinum,  D'Orb. 
corbianum,  D'Orb. 

dissitum,  Eichw. 

Reference. 

PI.  X.  f.  7  a,  b. 
PI.  X.  f.  8a,b. 

PI.  X.  f.  1  a,  b 

PI.  X.  f.  6  a,  b 

Voy.  Horn   ibid, 

ibid. PI.  X.  f.  13   
PI.  X.  f.  14  a,  b 
Vcy.  Horn   
ibid, 

ibid. 

PL  X.  f.  15  a-c. 
PL  X.  f.  16  a,  b 
PL  X.f.  17  a,b 

Pl.X.  f.  9  a-c   
Mem.  Soc.  Geol.Fr.  1838,  t.  iii. 

p.  64.  pi.  5.  f.  6,  7. 
ibid.  p.  65.  pi.  5.  f.  4-8   
PL  X.f.  12  a,  b   
Pl.X.  f.  10  a-c    
Pl.X.  f.  11  a,b     
Pl.X.  f.  19  a-c     

PL  X.  f.  18  a,  b 

PL  X.  f.  20  a,  b 

Pl.X.  f.  21  a,  b    .... 
Pl.X.  f.  22  a,  b    

Voy.  Horn.  pi.  3.  f.  20-22 ibid.  f.  23   
ibid.  f.  24,  25   

Murch.  Russia,  pi.  43. 

Locality. 

Quarantine  Harb. 
Redan,  near  Seva- 

stopol. 
Monastery  10. 

Iphigenia  12. 
Iphigenia. 
Iphigenia. Kertch. 
Kertch. 
Kertcb. 

Iphigenia. Sevastopol  1,  Iphi- 

genia 2. Iphigenia. Redan. 

Quarantine  Harb. 
do.  do. 
do.  do. 
do.  do. Monastery. 

do. 
Gorge  of  Iphigenia. 
Sevastopol  1,  Qua- 

rantine 1. 

Quarantine  Harb. Monastery. 
Monastery  1, 

Iphigenia  1. Monastery. 

Kertch,  in  iron-de- 

posits, 

do.  do. Monastery. 

Iphigenia. 
Iphigenia. 
Iphigenia  1 ,  Mo- nastery 1. 

Monastery  3,  Iphi- 

genia 3. 

Monastery  12, 

Iphigenia  4. Monastery. 

Iphigenia. 
Monastery. 
Monastery. 

Quarantine  4,  Mo- 
nastery 7,  Iphi- 

genia 9. 
Monastery  1,  Iphi- 

genia 2. 
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Summary  of  Fossil  Invertebrata  from  the  Crimea. 

Number  of  species 
previously  known 

New  species       

Total      

O 

SJ 

o 

o 
S 
< 

i 

l 

4 

4 

i 

09 

'a 

£ el 
u 
O 

Ec 

1 

>> 

P. 
O 
o 
N 

e3 

eS 

a 
V 

-a 

o a 

'rC 

u 

09 
O 
N 
O pq 

Mollusca. 

o 

-  Newer  Tertiary. 

Older  Tertiary. 

Upper  Secondary 
(Cretaceous). 

Lower  Secondary 

(Jurassic). 

a) 

-a 

o 
p< o 

2- 

u 

09 

pq 

a 
.2 

"3 

c 

03 

fi 

09 

09 

-3 

O 

Pi 

O 
u 
go 

§ 

09 

O 
P. 

_o
 

"o9 

ja 

p< 

0) 

27 

18 
24 
14 

... 
52 
33 

1 

2 

9 

9 

8 

3 

8 

8 

4 5? 

7 

7 

1 

13 

13 

8 
4 

45 

8 

42 
7 

38 
10 

7 
4 

16 

.85 

24 

106 
11 

Previously  known.. 

Previously  known- 
New   

Total      

49 

5 4? 

11 

2 
1 

16 

17 

] 

117 

44 16? 
Previously  known .. 
New   

Total      i ... 8 
9? 

19 

9? 

3 
18 60? 

Species  before  described,  226.     New  species,  60. 

Note  on  the  Geology  of  the  Neighbourhood  of  Sevastopol, 
and  the  Southern  Coast  of  the  Crimea.  By  Charles  F. 
Cockburn,  Esq.,  Captain,  Royal  Artillery. 

During  the  occupation  of  part  of  the  Crimea  by  the  xlllied  Armies, 
I  availed  myself  of  the  opportunity  my  short  stay  in  that  country 
afforded  to  collect  a  series  of  fossils  and  rock-specimens  illustrative 
of  the  geology  of  the  neighbourhood  of  Sevastopol  and  Balaclava ; 
amongst  them  were  characteristic  specimens  from  the  shales  on  the 

Woronzoff  road,  described  by  M.  Du  Bois  de  Montpe'reux  as  the 
oldest  fossiliferous  deposits  ;  resting  on  these  are  the  Jurassic  rocks, 
composing  the  mountain-chain  which  extends  along  the  south-east 
coast  from  Balaclava  to  Kaffa,  a  distance  of  upwards  of  100  miles. 
This  formation,  with  the  overlying  cretaceous  deposits,  is,  according 
to  French  geologists,  analogous  to  that  of  the  Caucasus.  Of  these 
Jurassic  limestones,  which  are  mostly  of  a  hard  and  crystalline  cha- 

racter, collections  were  made  from  the  Gorge  of  Iphigenia  and  Mo- 
nastery of  St.  George,  and  include  a  series  of  the  intrusive  volcanic 

rocks  (syenite,  porphyry,  &c.)  which  have  disrupted  and  pierced  them 
in  every  direction. 

From  the  quarries  at  Inkerman  I  succeeded  in  procuring  many 
fine  specimens  of  a  large  Crania  (C.  spinulosa,  Nilsson)  and  several 
species  of  Ostrea  common  to  the  Upper  Chalk  of  Europe.     The 

VOL.  XIV.   PART  I.  M 
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beautiful  white  stone  used  in  most  of  the  public  buildings  at  Sevasto- 
pol was  obtained  from  these  quarries :  when  first  worked,  it  is  soft, 

but  becomes  harder  on  exposure  to  the  atmosphere. 
From  the  Steppe-limestone,  which  belongs  to  the  Newer  Tertiary 

formation,  and  forms  the  whole  plateau  before  Sevastopol,  as  well 
as  the  northern  and  greater  portion  of  the  peninsula,  collections  were 
made  at  the  Quarantine  Harbour,  Monastery  of  St.  George,  and  Gorge 
of  Iphigenia  ;  the  condition  of  the  deposits  and  their  fossil  contents 
at  the  two  latter  places  being  very  similar. 

These  Upper  Tertiary  deposits,  occurring  in  the  various  conditions 
of  shelly  and  oolitic  limestones  and  sands,  sometimes  associated  with 
volcanic  ashes,  tufa,  &c,  are  mostly  marine,  but  sometimes  of  fresh- 

water origin,  and  more  or  less  fossiliferous.  This  series  is  well  ex- 
posed at  the  Monastery  of  St.  George,  near  which  may  be  seen  the 

point  of  junction  between  them  and  the  Jurassic  formation. 
From  a  fine-grained  yellowish  calcareous  deposit  of  the  Upper 

Tertiary  at  Quarantine  Harbour,  I  obtained  several  species  of  Tro- 
chus,  with  other  well-preserved  shells,  herewith  described. 

Section  of  Newer  Tertiary  Strata,  at  the  Cliff'  {about  400  feet  high) 
West  of  the  Monastery  of  St.  George. 

[About  50  feet  of  the  upper  part,  including  R  and  Q,  are  undescribed.] 

R. Compact  shelly  limestone,  contain- 
ing pebbles.  Cardium  protractum, 

C.  Demidoffi,  Cyprina  ?  triangulata, 
Pleurotoma,  and  Buccinum. 

Q. 

(P,  N,  L,  and  J  to  C  are  tuff-like  calca- 
reous rocks.) 

P.  White,  very  crystalline,  unstratified 
(10  feet) ;  upper  part  oolitic,  with 
small  spiral  shells.  Cerithium  trun- 
catum,  C.  trochleare,  Pholas  Hom- 
marei,  and  Planorbis  cornucopia. 

0.  Seam  of  clay. 
N.  White,  honeycombed;  fossils  as  in 

bed  I. 
M.  Seam  of  clay. 
L.  White  (2  feet). 
K.  Thin  seam  of  clay. 
J.  White,  somewhat  crystalline,  made 

up  of  small  fossils  (4  feet).  Astarte 
pulchella  and  Venus  minima. 

1.  White  (3  feet) ;  with  numerous  small 
fossils  and  rounded   fragments   of 

various  rocks.  Astarte  pulchella  and 
Venus  minima. 

H.  WThite  (4  feet) ;  very  much  honey- 
combed, and  divided  half-way  by  a 

layer  of  quartzose  and  other  frag- 
ments. No  fossils.  ("  Porous,  ir- 
regularly deposited."  Du  Bois.) G.  Coarse  (1  foot). 

F.  Fine  (1  ft.  6  in.). 
E.  Coarse  (1  ft.). 
D.  Fine  white  (5  ft.).     No  fossils. 
C.  Red  (6  ft.) ;  full  of  Helix  Duboisii, 

H.  Bestii,  Planorbis  obesa,  with 
Bulimus  Sharmani  and  Cyclostoma 
reticulatum. 

B.  Yellowish-white  layers  (30  feet) ; 
unfossiliferous.  (Whitish  sand  in 
layers,  unfossiliferous.   Du  Bois.) 

A.  Somewhat  honeycombed  rock,  with 
few  fossils. 

Volcanic  rocks,  at  the  base,  with  veins 
of  limestone. 

For  detailed  descriptions  of  the  Geology  of  this  country,  see 

I.  Travels  through  the  Southern  Provinces  of  the  Russian  Empire 
in  the  years  1793  and  1794.  By  Peter  Simon  Pallas,  M.D., 

F.R.S.     London,  1842.' 
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2.  DuBois  de  Montpereux.    Letter  on  the  Geology  of  the  Caucasus 
and  the  Crimea,  addressed  to  M.  Elie  de  Beaumont :  Bulletin 

de  la  Societe  Geologique  de  France,  tome  viii.  1835-6,  p.  371. 
3.  Memoire  Geologique  sur  la  Crimee,  par  M.  de  Verneuil ;  suivi 

d' observations  sur  les  fossiles  de  cette  Peninsule,  par  M.  Des- 
hayes :  Memoires  de  la  Societe'  Geologique  de  France,  tome  iii. 1838. 

4.  Voyage  dans  la  Russie  meridionale  et  la  Crimee,  sous  la  direc- 
tion de  M.  Anatole  Demidoff.  Partie  Geologique  de  M.  Huot. 

Paris,  1839. 

5.  Du  Bois  de  Montpereux.      Voyage  au  Caucase  chez  les  Tcher- 
kesses,  et  les  Abkhases  en  Chalcide,  en  Georgie,  en  Armenie, 
et  en  Crimee.     Neuchatel  and  Paris,  1843. 

6.  Hommaire  de  Hell  (Xavier).     Les  Steppes  de  la  Mer  Caspienne, 
le  Caucase,  la  Crimee,  &c.     Paris,  1843-4. 

7.  Geology  of  Russia  in  Europe  and  the  Ural  Mountains.     By  Sir 
R.  I.  Murchison,  M.  Edouard  de  Verneuil,  and  Count  Alexander 
Von  Keyserling.     London  and  Paris,  1848. 

8.  On    the  Geological  Structure    of   the  Crimea.      By   Baron    S. 
Chaudoir.     1832.     Proc.  Geol.  Soc.  vol.  i.  p.  342. 

EXPLANATION  OF  PLATES  VIIL,  IX.,  &  X. 

Plate  VIII.     Jurassic  and  Cretaceous  Fossils. 

Fig. 

1  a,  b.  Scyphia  Cockbumi,  Baily. 
2  a,  b.  Terebratula  Jamesii,  Baily. 
3  a-d.  Terebratulina  radiata,  Baily. 
4  a,  b.  Rhynchonella  elongata,  Baily. 

Fig. 

5  a,  b.  Rhynchonella  Cookei,  Baily. 
6  a,  b.  Cardium  aequistriatum,  Baily. 
7  a-h.  Crania  spinulosa,  Nilsson. 

Plate  TX.     Newer  Tertiary  Fossils. 

1  a,  b.  Scyphia  Portlocki. 
2  a-d.  Cardium  amplum,  Baily. 
3  a-c.    Demidoffi,  Baily. 
4  a,  b.  Cyprina  Pallasii,  Baily. 
5  a,  b.  Venus  semiplana,  Baily. 
6  a-c.  Cyprina  naviculata,  Baily. 

7  a-d.  Astarte  quadrata,  Baily. 
8  a,  b.  Cyprina  Georgei,  Baily. 
9,    triangulata,  Baily. 

10  a-c.  Astarte  pulchella,  Baily. 
11  a-c.  Venus  minima,  Baily. 
12  a-d.  Corbulomya  Iphigenia,  Baily. 

Plate  X.     Newer  Tertiary  Fossils. 

1  a,  b.  Helix  Duboisii,  Baily. 
2  a,  b.     Bestii,  Baily. 
3  a,  b.  Bulimus  Sharmani,  Baily. 
4  a,  b.  Planorbis  Cornucopia,  Baily. 
5  a-c.    obesus,  Baily. 
6.  Cyclostoma  striata,  Baily. 
7  a,  b.  Tornatella  minuta,  Baily. 
8  a,  b.     inflexa,  Baily. 
9  a,  b.  Littorina  monastica,  Baily. 

10  a-c.  Cerithium  cochleare,  Baily. 
11  a,  b.     truncatum,  Baily. 

12  a,  b.  Cerithium  Cattleyae,  Baily. 
13.  Trochus  Murchisoni,  Baily. 
14  a,  b.      Andersoni,  Baily. 
15  a-c.       pulchellus,  Baily. 
16  a,  b.      Sutherland!,  Baily. 
1 7  a,  b.      Lygonii,  Baily. 
18  a,  b.  Pleurotoma  laqueata,  Baily. 
19  a-c.      Chersonesus,  Baily. 
20  a,  b.  Buccinum  obesum,  Baily. 
21  a,  b.    angustatum,  Baily. 
22  a,  b.      moniliforme,  Baily. 

M  2 
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5.  On  the  Gravels  at  Taunton,  in  Somersetshire. 
By  J.  D.  Pring,  Esq. 

[Communicated  by  S.  R.  Pattison,  Esq.,  F.G.S.] 

[Abstract.] 

The  River  Tone  at  Taunton  occupies  a  small  depression  in  the  red 
marls,  and  runs  through  a  vale  overspread  with  red  gravels  and  clays. 
Its  affluents  descend  from  greensand  and  liassic  districts  on  the  one 
hand,  and  from  hills  of  Devonian  rocks  on  the  other. 

In  the  excavations  made  at  Taunton  for  sewering,  and  for  the 

railway,  the  composition  of  the  surface-beds  throughout  long  spaces 
has  been  disclosed,  and  it  is  ascertained  that  at  least  two  distinct 
and  successive  operations  have  produced  them. 

Immediately  over  the  red  marl  lies  a  bed  of  coarse  slaty  Devonian 
gravel,  with  finer  materials  of  the  same  kind,  occasionally  interstra- 
tified.  In  this  no  fragment  of  the  upper  rocks  occurs.  It  has  been 
deposited  by  the  waters  from  the  palaeozoic  districts  alone. 

This  is  covered  by  a  liassic  and  flinty  gravel,  containing  rolled 
Gryphcece  and  fragments  of  lias,  with  flints  from  the  greensands. 
Near  the  surface  the  latter  predominate. 

Neither  of  these  gravels  ascends  the  slope  of  the  hills  :  they  are 
mere  fluviatile  accumulations.  Remains  of  Rhinoceros  and  abun- 

dance of  bog-timber  were  found  at  their  base  in  the  course  of  the 
excavation  at  the  County  Gaol  at  Taunton. 

The  West  of  England  is  remarkably  free  from  the  ancient  post- 
tertiary  drifts  so  prevalent  in  the  north-eastern  and  midland  counties. 
The  present  communication,  with  the  plans  forwarded  for  its  illus- 

tration, is  intended  as  a  contribution  towards  the  history  of  the  com- 
paratively minute  changes  which  have  aided  in  the  formation  of 

the  present  surfaces,  and  which,  though  not  very  interesting,  are  yet 
essential  portions  of  the  complete  study  of  geology. 

6.  Palichthyologic  Notes,  No.  10.  On  Pal^eoniscus  super- 
stes.  By  Sir  P.  de  M.  Grey  Egerton,  Bart.,  M.P.,  F.R.S., 
F.G.S.,  &c.  With  a  Note  on  the  Locality  of  the  Fossil;  by 
the  Rev.  P.  B.  Brodie,  F.G.S. 

[Plate  XL] 

The  pretty  little  fish  discovered  by  the  Rev.  P.  B.  Brodie  in  the 
Keuper  beds  of  Rowington,  and  submitted  to  me  for  description, 
belongs  undoubtedly  to  the  genus  Palceoniscus.  The  extremities  are 
unfortunately  deficient,  but  enough  of  the  tail  remains  to  show  that 
it  was  completely  heterocerque.  The  specimen  (PI.  XI.  figs.  1  &  2) 
measures  one  inch  and  three-quarters  in  length,  by  six-tenths  of 
an  inch  at  its  greatest  depth.  The  pectoral  fins  are  lost,  together 
with  the  head  and  the  scapulo-coracoid  arch.  The  other  loco- 

motive organs  are  well  preserved,  with  the  exception  of  the  ex- 
tremity of  the  caudal  fin.  The  ventral  fins  occupy  a  very  advanced 

position  in  front  of  the  middle  line  of  the  body.     They  are  small, 
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and  contain  few  fin-rays,  but  the  anterior  edge  is  bordered  with 
fulcral  scales  of  considerable  thickness.  The  anal  fin  is  situated 

near  the  hinder  extremity  of  the  body.  Ten  rays  are  seen  in 
the  specimen  (fig.  3),  of  which  the  three  first  are  short,  pointed, 
and  undivided.  The  remainder  have  transverse  articulations  at 
distant  intervals,  and  dichotomize  towards  their  extremities.  The 

hinder  portion  of  the  fin  is  deficient.  The  dorsal  fin  is  placed  imme- 
diately above  the  anal  fin.  It  contains  about  a  dozen  rays.  Of  these 

the  fulcral  rays  are  more  numerous  and  more  elongated  than  those 
in  advance  of  the  anal  fin.  In  other  respects  the  two  fins  are  very 
similar.  The  portion  of  the  tail  which  is  preserved,  shows  the 
scales  of  the  dorsal  ridge  elongating  gradually  along  the  upper 
margin  of  the  pedicle  of  the  tail  to  form  the  imbricated  border  of  the 
upper  lobe.  Below  these  the  scales  of  the  trunk  are  visible,  becoming 
more  and  more  attenuated  as  they  ascend  upon  the  upper  limb  of  the 
organ.  The  bases  of  a  few  of  the  anterior  rays  of  the  lower  lobe  are 
fortunately  preserved  in  situ,  showing  that  the  appearances  above 
noted  are  correctly  assigned  to  the  caudal  region.  There  is,  there- 

fore, sufficient  evidence  to  prove  that  the  tail  of  this  species  was 
strictly  heterocerque.  I  am  further  led  to  believe,  from  an  attentive 
examination  and  comparison  of  the  parts  preserved,  that,  were  the 
tail  entire,  it  would  be  found  to  be  as  extreme  in  its  heterocercy  as  in 
the  Permian  and  other  earlier  members  of  the  genus  ;  and  in  no  wise 
a  transitional  form  between  that  and  the  homocerque  character  of  the 
Liassic  fish.  The  scales  are  oblong,  the  longitudinal  axis  being 
rather  longer  than  the  vertical  measurement.  They  are  covered  with 
a  thick  and  smooth  layer  of  ganoine,  without  any  trace  of  super- 

ficial ornamentation  or  marginal  serration.  The  dorso-ventral  series 
are  arranged  in  gentle  curves,  imparting  an  appearance  of  much 
elegance  to  this  species.  On  comparing  this  with  the  known  species 
of  Palceoniscus,  of  which  there  are  not  less  than  forty,  the  remote 
position  of  the  dorsal  fin  excludes  all  but  the  little  Palceoniscus 
catopterus  (PI.  XI.  fig.  4)  from  the  Permian  beds  of  Roan  Hill,  in 

Ireland*.  The  subject  of  this  description  differs  from  that  species 
in  every  other  character.  As  it  appears  to  be  the  last  surviving 
representative  of  this  genus  which  occupied  so  important  a  place  in 
the  fauna  of  the  Carboniferous  and  Permian  eras,  I  have  ventured  to 
name  it  Palceoniscus  superstesf. 

Note  on  the  occurrence  of  a  New  Species  of  Fish  in  the  Upper 
Keuper  Sandstone  in  Warwickshire.  By  the  Rev.  P.  B.  Brodie, 
M.A.,  F.G.S. 

Having  lately  described  the  Keuper  in  the  neighbourhood  of  War- 
wick %,  I  have  but  little  to  add  respecting  it ;  but  the  recent  discovery 

of  a  small  fish  (unfortunately  imperfect,  though  better  preserved 

*  Quart.  Journ.  Geol.  Soc.  vol.  vi.  p.  4. 
f  I  have  been  unable  to  obtain  any  information  with  reference  to  a  species  of 

Palceoniscus  from  the  Keuper  of  Coburg,  mentioned  by  Herr  von  Schauroth,  at 
the  scientific  congress  at  Gotha  in  1851,  under  the  name  of  P.  arenaceus. 

%  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  574. 
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than  any  remains  of  fish  previously  detected  in  that  formation)  ren- 
ders it  desirable  to  refer  to  the  position  of  the  stratum  from  which  it 

was  obtained.  The  superior  beds  of  sandstone  worked  occasionally 
at  Shrewley,  are  not  quarried  at  Rowington,  though  several  thick 
bands  of  brown  sandstone  are  seen  on  the  road  to  Warwick  in  that 

village,  and  were  formerly  exposed  in  an  old  quarry,  now  filled  up, 
in  the  same  parish.  About  half-way  down  the  hill  on  which  the 
church  stands,  are  certain  beds  of  brashy  stone,  more  or  less  sandy 

and  marly,  and  having  a  very  irregular  fracture ;  in  these  I  dis- 
covered the  new  species  of  fish  which  Sir  Philip  Egerton  has  de- 

scribed above  under  the  name  of  Palceoniscus  superstes. 
The  vicinity  of  the  vicarage  affords  the  following  section  in 

descending  order : — 
ft.    in. 

Thin  beds  of  sandy  stone  in  green  marl ;  brashy  bed  ..20 

Sandstone      "1 Green  marl     >   Oil 
Sandstone      J 

Green  marly  stone,  with  so-called  fucoid  impressions       .     0     6 

Several  beds  of  ripple-marked  sandstone,  thickness  not 
exposed. 

At  a  somewhat  lower  level  on  the  canal-bank,  at  the  west  end, 
the  section  is  continued  as  follows : — 

ft.  in. 
Beds  of  rubbly  sandstone  and  marl,  much  broken ;  )  <-   ~ 

with  remains  of  plants  *   j 
Grey  sandstone,  divided  by  green  marls,  full  of  fucoids  ?   1 0  to  1 2  0 
Hard  sandstone    4  0 

Green  shaly  marl  (few  inches). 
Red  marl. 

Small  teeth  and  spines  of  Acrodus  have  long  been  known  in  the 
Keuper  in  different  parts  of  England,  but  this  is,  I  believe,  the  first 
instance  of  the  occurrence  of  a  fish  in  anything  like  a  perfect  state ; 
and  no  doubt  it  would  have  been  entire,  if  the  stone  had  not  been 
unfortunately  broken.  The  bed  is  so  seldom  worked,  that  there  is 
little  chance  of  examining  any  quantity  of  it ;  but,  judging  from  the 
past,  such  specimens  must  be  extremely  rare. 

P.S. — Not  long  after  the  discovery  of  the  specimen  above  described, 
another  and  entire  fossil  fish  was  obtained  from  the  lowest  bed  of 

the  Keuper  sandstone  here.  I  regret  that  the  possessor  of  the  spe- 
cimen is  unwilling  to  allow  it  to  go  out  of  his  hands,  and  that,  in 

consequence,  it  has  not  been  available  for  scientific  description. — 
Feb.  20,  1858.  P.  B.  B. 

*  In  addition  to  the  plants  referred  to  in  my  last  paper  in  the  Geol.  Journ.  vol. 
xii.  Part  IV.  No.  48,  p.  374,  from  the  lower  beds  of  the  Upper  Keuper,  I  have  ob- 

tained a  slab  of  sandstone  covered  with  vegetable  impressions,  and  amongst  them 
are  several  which  appear  to  be  the  calyces  of  some  flowering  plant. 
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EXPLANATION  OF  PLATE  XI 

Fig.  1.  Palaoniscus  superstes  (from  Rowington,  Warwickshire),  natural  size. 
Fig.  2.  Ditto.     Counterpart  of  the  same. 
Fig.  3.  Anal  fin,  enlarged  4  times. 
Fig.  4.  Palceoniscus  catopterus,  from  Roan  Hill,  Tyrone. 

7.  On  the  Newer  Red  Sandstone,  and  on  some  other  Geolo- 
gical Phenomena,  near  Loch  Greinord,  in  Ross-shire. 

By  James  Nicol,  F.R.S.E.,  F.G.S.,  Professor  of  Natural  History, 
Aberdeen. 

Newer  Red  Sandstone. — In  several  passages  of  his  work  on  the 
Western  Isles,  Dr.  Macculloch  refers  to  the  occurrence  on  the  shores 
of  Loch  Greinord  of  two  small  spots  of  a  red  sandstone  of  newer  age 
than  the  great  mass  of  similarly  coloured  rock  which  forms  so  con- 

spicuous a  feature  on  the  western  coasts  of  the  Highlands*.  In  his 
memoir  on  the  Geological  Map  of  Scotland  he  also  several  times 
mentions  this  formationf ,  which  he  considered  as  the  only  undoubted 

instance  of  the  occurrence  of  the  "  Red  Marl"  of  English  geologists 
in  the  northern  part  of  the  island.  Although  evidently  regarding 
these  beds  with  much  interest,  he  has  not  given  any  detailed  descrip- 

tion of  them.  In  their  valuable  memoir  on  the  formations  in  the 

North  of  Scotland,  Professor  Sedgwick  and  Sir  Roderick  I.  Mur- 
chison  likewise  mentioned  this  deposit,  and  pointed  out  its  resem- 

blance to  the  New  Red  of  England,  and  also  to  some  beds  seen 
below  the  Lias  in  SkyeJ.  This  sandstone  does  not  seem  to  have 
been  subsequently  noticed  by  geologists,  probably  from  lying  in  a 
region  so  seldom  visited  by  the  scientific  traveller.  I  have  therefore 
been  induced  to  lay  before  the  Society  the  following  notes  collected 
in  an  examination  of  this  deposit  in  the  autumn  of  last  year  (1856). 

The  great  headland  of  the  Ruimore  or  Ru  Rea  that  separates  Loch 
Greinord  from  Loch  Ewe  consists  chiefly  of  the  older  red  sandstone 
of  the  west  coast,  covered  more  or  less  deeply  by  drift  or  detritus. 
On  the  shore  of  Lake  Greinord  the  sandstone  is  well  seen  in  thick, 

undulating,  or  slightly  curved  beds,  dipping  at  40°-45°  to  E.  5°— 
10°  S.  It  is  usually  a  fine-grained  grit,  of  a  reddish-brown  colour, 
occasionally  with  a  tinge  of  green,  but  becomes  black  when  weathered. 
As  this  rock  was  fully  described  in  my  paper  on  the  Red  Sandstones 
of  the  North-west  coast  of  Scotland,  its  mineral  characters  need  not 
be  noticed  further  §.     Near  Sands  andUdrigill,  the  newer  sandstone 

*  Macculloch's  Western  Isles,  vol.  ii.  pp.  65,  99. 
f  Memoir  on  Map,  pp.  31,  89,  94. 
X  Transact.  Geol.  Soc,  New  Series,  vol.  iii.  p.  156. 
§  Quarterly  Journal  of  the  Geological  Society,  vol.  xiii.  p.  17.  In  that  memoir 

I  considered  this  red  sandstone  as  probably  of  Devonian  age,  or  the  equivalent 

of  the  true  "  Old  Red"  of  other  parts  of  Scotland.  In  the  present  paper,  however, 
1  have  generally  designated  it  only  as  the  "  Older  Red  Sandstone,"  in  contra- 

distinction to  the  "  Newer  Red"  resting  on  it ;  thus  avoiding  any  assumption  in 
regard  to  its  age.  Sir  R.  I.  Murchison,  however,  regards  it  as  the  representative 
of  the  Cambrian  of  Wales. 
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formation  referred  to  is  well  exposed,  resting  unconformably  on  these 
older  beds  at  a  low  angle.  The  first  bed  seen  in  the  cliffs  is  a  coarse 
conglomerate  or  breccia,  composed  of  slightly  rounded  fragments. 
Some  of  these  were  evidently  derived  from  the  older  red  sandstone 
below.  I  had  no  hesitation  in  identifying  others  with  the  quartzite  of 
the  neighbouring  mountains,  though  often  of  a  softer  texture,  and 
more  like  a  white  sandstone  than  the  hard  vitreous  rocks  of  Ullapool 
and  Assynt.  More  interesting  were  the  fragments  of  limestone, 
often  of  a  blue  colour  and  compact,  at  others  reddish  white  and  more 
crystalline,  which  made  up  a  large  portion  of  some  beds.  These 
again  I  regarded  as  derived  from  the  limestone  that  overlies  the 
quartzite  series ;  and  as  the  fragments  were  from  two  to  four  inches 
in  diameter,  and  had  apparently  undergone  less  alteration  than  the 
rock  where  still  seen  in  situ,  I  had  hopes  that  they  might  contain 
some  recognizable  petrifactions.  With  this  view  I  examined  a  large 
number,  but  did  not  succeed  in  finding  any  trace  of  organization . 

Above  this  conglomerate  or  breccia,  are  strata  of  a  soft  friable 
sandstone,  forming  the  larger  part  of  the  deposit.  It  is  generally  of 
a  red  colour,  in  other  places  reddish  white,  or  again  red  mottled  with 
green  and  blue.  In  some  parts  it  contains  much  calcareous  matter, 
effervescing  strongly  with  acids,  and  appears  to  be  easily  acted  on  by 
the  sea  and  atmosphere,  the  surface  having  that  carious  and  cor- 

roded aspect  so  common  among  red  sandstones. 

These  newer  beds  dip  at  about  10°  to  N.W.  (true)  ;  and,  as  shown 
in  the  subjoined  sections,  have  been  deposited  amid  the  broken  ends 
of  the  older  sandstones.  The  newer  rock  forms  a  natural  archway 
(see  fig.),  supported  on  walls  of  the  older  rock,  and  partly  converted 
by  the  fishermen  on  the  coast  into  a  rude  hut  to  shelter  themselves 
and  their  implements  from  the  weather.  As  shown  in  the  figure, 
the  shore  is  here  covered  with  huge  boulders  of  the  older  red  sand- 

stones, of  granite,  and  the  green-coloured  gneiss,  or  hornblende  rock 
common  in  the  mountains  in  the  interior. 

This  newer  sandstone  is  of  very  limited  dimensions,  being  soon 
cut  off  towards  the  west  by  lofty  cliffs  of  the  older  red  sandstone 
forming  the  high  land  towards  the  extremity  of  the  peninsula.  It 
also  does  not  extend  far  into  the  interior,  where  the  older  rock  is  soon 
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seen  rising  through  thick  masses  of  drift  containing  large  angular 
boulders  of  gneiss.  This  covering  of  detritus  and  the  frequent  breaks 
in  the  sections  render  it  difficult  to  estimate  the  thickness  of  the 

newer  sandstone,  but  it  probably  does  not  exceed  100  to  150  feet. 
Age  of  Beds.  Lias  Boulders. — The  absence  of  fossils  renders  it 

impossible  to  determine  the  exact  age  of  this  curious  deposit,  and  its 
mineral  character  throws  no  light  on  the  question.  The  position  of 
the  beds  and  the  fragments  contained  in  the  upper  formation,  prove 
that  it  belongs  to  a  far  more  recent  period  than  the  underlying  red 
sandstones.  The  wide  interval  that  separates  it  from  the  newer 
secondary  rocks  of  Skye  will  also  scarcely  permit  us  to  trace  out  even 
a  probable  connexion.  The  only  indication  of  these  newer  forma- 

tions which  I  could  discover  in  the  vicinity  was  on  the  other  side  of 
the  peninsula,  on  the  shore  near  Tinafuline,  opposite  to  Island  Ewe. 
The  coast  there  is  strewed  with  great  numbers  of  fragments  (from 
one  or  two  inches  to  a  foot  or  more  in  diameter)  of  a  compact  white 
limestone,  and  so  numerous  that  the  farmers  in  the  neighbourhood 
have  collected  them  to  burn  for  lime.  This  rock  is  clearly  distinct 
from  the  older  limestones,  or  that  imbedded  in  the  newer  breccia. 
Though  the  fragments  are  apparently  little  worn  by  transport,  and 
so  abundant,  I  could  not  find  any  rock  from  which  they  were  derived. 

The  limestone  contains  pieces  of  black  carbonized  wood,  and  a  con- 
siderable number  of  fossil  shells.  The  latter  almost  all  belong  to 

one  or  two  species  of  Ostrcea.  Some  of  them  resemble  the  Ostrcea 
irregularis,  Goldfuss,  of  the  lias,  and  others  the  O.  Hebridica,  de- 

scribed by  Professor  Edward  Forbes  in  his  paper  on  Loch  Staffin*. 
Another  shell  is  perhaps  a  fragment  of  the  Potamomya  1  Sedgwickii 
of  that  paper.  There  can  be  little  doubt,  therefore,  that  these  frag- 

ments belong  to  the  same  formation  as  the  oolite  of  the  north  of 
Skye  ;  and,  as  they  have  evidently  not  been  transported  from  a  great 
distance,  their  occurrence  indicates  that  these  rocks  must  formerly 

have  had  a  much  wTider  extension  than  they  now  possess,  the  di- 
stance from  Loch  Staffin  being  about  thirty  miles  in  a  direct  linef . 

They  also  render  it  probable  that  the  red  sandstones  are  of  the  age 
of  the  Trias,  or  perhaps  of  the  Lower  Lias.  These  fragments  of  the 
oolite  are,  I  believe,  the  most  northern  traces  of  its  existence  on  the 
western  shore  of  the  mainland  yet  observed. 

Deductions. — Assuming  this,  therefore,  as  the  more  probable  age 
of  the  newer  red  sandstone,  it  follows  that  the  older  red  sandstone 
had  been  raised  up  on  edge  and  undergone  considerable  denudation 
previous  to  the  deposition  of  the  lias-beds  of  the  Western  Islands. 
The  softer  and  less  metamorphic  condition  of  the  enclosed  fragments 
of  the  quartzite  and  limestone,  than  of  the  same  rocks  now  seen  in 
situ,  might  lead  to  some  curious  speculations.  It  would,  however,  be 
wrong  at  once  to  infer  that  these  changes  in  the  older  rocks  have 

*  Journ.  Geol.  Soc.  vol.  vii.  p.  110,  plate  5.  fig.  4. 
f  Besides  the  shells  and  carbonized  wood,  this  limestone  contains  curious  grey- 

coloured  patches  with  white  spots,  like  little  masses  of  volcanic  ashes.  These 
seem  to  me  to  show  that  volcanic  action  was  going  on  in  the  neighbourhood  at 
the  time  these  beds  were  being  formed. 
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been  effected  subsequent  to  the  deposition  of  the  newer  sandstone. 
It  is  evident  that  any  process  of  denudation  would  necessarily  first 
affect  the  higher,  or  outer,  parts  of  the  strata,  which,  if  the  metamor- 
phic  action  came  from  below,  as  we  must  assume,  would  of  course 
be  the  softer,  and  less  altered.  The  parts  left  behind  would,  for  the 
same  reason,  and  also  from  the  greater  power  of  resistance,  be  the 
harder  and  more  metamorphic.  In  conformity  with  this  view,  we 
observe  that  the  smaller  fragments  of  the  older  red  sandstone  em- 

bossed among  the  gneiss  mountains  on  the  east  are  far  harder  than 
the  larger  and  more  continuous  masses  of  the  same  rock. 

It  must  also  be  remembered  that  the  denudation  of  the  older  red 

sandstone,  though  begun  at  this  early  period,  was  continued  long 
after  its  close,  or,  to  speak  accurately,  is  still  going  on  even  at  the 
present  time.  These  small  spots  of  newer  (Triassic)  red  sandstone 
are  indeed  but  very  inadequate  representatives  of  the  enormous  mass 
of  matter  which  has  evidently  been  removed  from  the  once  con- 

tinuous platform  of  the  older  sandstones.  The  amount  of  the  calca- 
reous matter  in  the  newer  beds  is  important,  as  showing  that,  at  the 

time  of  their  formation,  the  upper  or  limestone  portion  of  the  series 
was  furnishing  more  than  a  proportionate  share  of  the  material,  and 
hence  probably  that  the  denuding  processes  had  only  been  going  on 
for  a  short  time.  But  the  same  agents  of  change  which  affect  the 
higher  and  older  rocks  must  have  acted  also  on  this  newer  deposit ; 
and  we  are  therefore  justified  in  regarding  the  portion  that  is  now 
seen  as  a  mere  fragment  of  what  it  may  once  have  been. 

Glacier-moraines. — I  have  several  times  already  referred  to  the 
immense  number  of  large  boulders  of  gneiss  and  other  primary  rocks 
spread  over  the  surface  of  this  district.  In  general  they  are  arranged 
in  no  apparent  order.  There  is,  however,  one  remarkable  exception, 
which  I  must  shortly  notice,  as  probably  indicating  the  mode  in  which 
some  of  them  at  least  have  been  transported  from  their  native  moun- 

tains. Near  the  top  of  the  acclivity  between  Loch  Greinord  and  Loch 
Ewe,  the  road  crosses  an  enormous  ridge  of  stones  rising  up  abruptly 
from  the  moor.  It  runs  in  a  line  from  E.N.E.  to  W.S.W.,  and  at  its 
northern  extremity  is  met  nearly  at  right  angles  by  another  similar 
ridge,  running  S.S.E.  towards  the  high  mountains  north  of  Loch 
Maree.  The  outer  or  north-western  side  of  the  ridge  consists  of 
large  loose  angular  stones,  and  the  interior  of  the  mound  of  similar 
stones  mixed  with  sand  or  clay.  These  stones  were  principally  white 
and  grey  gneiss,  hornblende-rock,  and  red  sandstone,  but  I  also  ob- 

served one  or  two  specimens  of  mica-slate,  containing  garnets.  They 
thus  consist  of  the  very  materials  which  the  mountains  on  the  south- 

east would  furnish  to  any  powerful  denuding  agent.  And  the  form 
and  arrangement  of  the  stones  left  no  doubt  in  my  mind  that  this 

agent  had  been  a  glacier,  cradled  in  the  mountain-valley  in  which 
Loch  Fuir  now  lies.  The  first  ridge  would  then  form  the  terminal, 
the  other  the  lateral  moraine.  Some  other  peculiarities  confirm  this 
view.  The  ground  behind  the  ridge  slopes  down  to  a  small  lake, 
lying  as  it  were  in  the  mouth  of  the  opening  in  the  mountains  whence 
the  icy  stream  has  flowed.     The  stones  therefore  must  have  been 
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forced  across  this  lake  without  filling  it,  and  up  the  acclivity  on  which 
they  now  rest.  Within  the  mound  also,  or  between  it  and  the  lake, 
are  many  detached  heaps  of  stones  and  detritus,  as  if  left  by  the 
glacier  in  its  retreat.  The  singular  aspect  of  this  remarkable  accu- 

mulation of  angular  stones,  at  once  arrests  the  attention  of  the  spec- 
tator, and  leaves  no  doubt  that  they  must  have  been  brought  together 

by  a  very  different  agent  (or,  at  least,  acting  in  a  very  different  man- 
ner) from  the  one,  however  powerful  it  might  be,  that  laid  down  the 

large  boulders  irregularly  scattered  over  the  moor  to  the  west. 

8.   On  the  Upper  and  Lower  Boulder-Clays  of  the  Gorlston 
Cliffs  in  Norfolk.     By  Joshua  Trimmer*,  Esq.,  F.G.S. 

During  a  recent  visit  to  Norfolk,  my  friend,  the  Rev.  Mr.  Gunn, 
kindly  drew  my  attention  to  a  fact  which  cleared  up  some  anomalies 
that  had  previously  perplexed  me  while  adopting  the  classification  of 
previous  observers  respecting  the  tertiary  deposits  of  the  district, 
which  are  more  ancient  than  the  Boulder-clay. 

The  new  fact  then  brought  to  my  notice,  while  it  removes  those 
anomalies,  confirms  the  views  which  I  published  in  1847  of  the 

boulder-clay  being  the  littoral  deposit  of  an  arctic  sea  advancing  over 
sinking  land-|\ 

It  appears  that  in  the  Gorlston  Cliffs  there  are  two  boulder-clays 
separated  by  a  mass  of  sand,  which,  on  the  authority  of  Woodward, 
has  hitherto  passed  for  the  Crag,  a  term  which  has  now  become  as 

indefinite  as  that  of  "drift"  or  "drifts."  The  lower  boulder-clay 
is  the  tailing- off  of  that  so  well  known  for  its  blocks  of  Scandinavian 
origin,  and  which  extends  over  the  north  of  Europe  and  into  the 

eastern  side  of  England.  The  upper  boulder-clay  is  characterized  by 
an  abundance  of  oolitic  detritus.  I  had  traced  these  oolitic  boulders 

over  the  south  of  Norfolk  to  the  point  at  which  they  crossed  the 

chalk-ridge  of  the  S  waff  ham  Downs  at  Lopham  Ford,  and  I  had  sup- 
posed that  the  oolitic  and  the  Scandinavian  erratics  met  on  the  same 

level;  whereas  Mr.  Gunn's  observations  establish  the  fact  that  the 
former  overlaps  the  latter,  with  a  mass  of  sand  interposed.  In 
my  examination  of  Norfolk  during  the  three  years  preceding  1847,  I 
had  bestowed  only  a  slight  examination  on  those  cliffs,  as  being  out 
of  the  district  on  which  I  had  undertaken  to  report ;  and  the  anomalies 
in  the  structures  which  had  perplexed  me  were  these.  The  base  of 
the  whole  series  at  Cromer  and  Gorlston  is  the  green  fluvio-marine 
clay  and  the  fossil  forest  which  it  supports ;  and,  if  the  sands  which 
succeed  it  are  the  Crag,  we  have  the  forest  in  one  case  above  the 
Crag  and  in  the  other  below  it.  This  anomaly  will  be  found 
noticed  in  my  paper  in  the  Journal  of  the  Royal  Agricultural  So- 

ciety, though  I  did  not  attempt  to  explain  it. 

*  Owing  to  the  lamented  decease  of  Mr.  Trimmer  since  the  reading  of  this 
paper,  it  has  not  had  the  henefit  of  being  revised  by  him  previously  to  publica- 

tion.—Ed.  Q.  J.  G.  S. 
f  Journ.R.  Agricult.Soc.vol.  vii.part  2  ;  also  Quart.  Journ.Geol.  Soc.  vol.vii.  p.  19. 
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On  visiting  the  cliffs  with  Mr.  Gunn,  I  found  their  structure  to  be 
as  he  had  described  it. 

The  oolitic  boulder  clay  which  forms  the  summit  of  the  cliff,  and 
is  covered,  more  or  less,  in  the  interior  by  masses  and  patches  of  the 
sands  and  gravels  of  the  denuded  upper  erratics,  rests  on  a  thick 
mass  of  sand.  This  sand  is  clayey  in  its  lower  part,  and  frequently 
exhibits  lenticular  masses  of  blue  clay,  like  that  of  the  Cromer  Cliffs. 
I  saw  some  boulders  of  gneiss  on  the  beach,  and  though,  during  a 

rapid  examination,  we  found  none  actually  imbedded,  Mr.  Gunn  as- 
sured me  he  had  seen  them  in  the  cliff. 

From  the  Journal  of  the  Royal  Agricultural  Society  1  reproduce 

the  following  description  of  the  boulder-clay  of  Norfolk,  where  it 
approaches  the  Yarmouth  estuary.  I  quote  it  in  order  to  show  how 
that  description  harmonizes  with  the  discovery  made  by  Mr.  Gunn. 

"  Towards  the  termination  of  the  cliffs  near  Happisburgh,  the 
thickness  of  the  boulder-clay  diminishes,  its  upper  surface  sinks 
beneath  the  level  of  the  sea,  and  disappears  under  the  sand-hills  and 
alluvium  of  the  Yare.  Detached  portions  of  it  are,  however,  met 

with  in  the  '  hards '  or  '  holmes '  which  rise  like  islands  from  among 
the  alluvial  deposits.  In  composition  this  clay  is  somewhat  different 
from  the  clay  of  Cromer  Cliffs,  and  consists  of  a  mixture  of  blue  clay, 
such  as  occurs  in  those  cliffs  in  the  yellow  clay  and  sand.  In  this 

form  it  is  the  grey  clay-marl  of  East  Flegg,  described  by  Marshall. 
South  of  the  Yarmouth  estuary  it  is  again  visible  between  Gorlston 
and  Lowestoft,  occupying  the  upper  part  of  the  cliff  with  a  large 
development  of  crag-sand  beneath  and  a  thin  covering  of  the  gravel 
and  sand  of  the  upper  erratics  above  it. 

"  Following  it  up  the  valley  of  the  Waveney,  we  find  it  holding  the 
same  relative  position  to  the  two  sandy  deposits,  except  where,  by  the 
denudation  of  the  upper  sand,  the  clay  has  been  exposed  over  large 
areas  in  the  southern  boundaries  of  Norfolk,  and  over  still  larger 
areas  in  the  north  of  Suffolk. 

"Oolitic  detritus  increases  in  quantity  as  the  boulder  clay  is  traced 
towards  the  west  in  the  river-sections,  and  in  the  clay-pits  which 
have  been  so  abundantly  opened  throughout  the  district.  This 
detritus  consists  of  fragments  of  Kimmeridge  Clay  and  other  oolitic 
rocks,  with  their  characteristic  fossils,  among  which  the  vertebrae  of 

the  saurians  and  the  *  turtle-stones'  or  septaria  of  the  Oxford  Clay 
are  very  abundant." 

In  the  sand  below  the  boulder-clay,  Woodward  had  traced  shells 
which  he  considered  crag- shells,  as  far  as  Bungay  in  the  valley  of  the 

"Waveney.  I  had  traced  it  still  further  to  the  west,  but  without shells,  as  far  as  Harleston.  I  also  traced  it  up  the  valley  of  the 
Wensom  as  far  as  Swan  ton  Morley. 

Mr.  Gunn  considers  that  the  shells  are  not  in  situ,  but  derived 
from  the  Crag.  This,  however,  appears  to  me  a  point  of  very  little 
importance.  Among  deposits  in  which  the  greater  portion  of  the 
mammals  and  molluscs  are  of  existing  species,  we  should  be  led  into 
serious  errors  by  relying  on  particular  species.  We  must  be  guided 
chiefly  by  physical  evidence,  and  when  we  have  recourse  to  organic 
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remains,  we  must  look  to  groups  rather  than  to  individual  species. 
The  intercalation  of  beds  of  shells  in  situ  in  the  midst  of  the  boulder- 

clay  is  not  a  solitary  fact — similar  deposits  have  been  described  in 
other  localities.  Neither  is  it  at  variance  with  the  analogies  of  exist- 

ing arctic  seas,  where,  amidst  a  general  absence  of  shells,  there  are 

instances  of  their  occurrence,  as  in  Baffin's  Bay,  described  by  Dr. 
Sutherland.  As  a  general  fact,  the  boulder-clay  forms  the  lowest 
part  of  the  erratic  tertiaries.  It  is,  however,  occasionally  intercalated 
with  masses  of  sand  and  gravel,  more  particularly  near  the  mouths 
of  rivers. 

I  may  here  mention  another  instance  of  an  upper  and  lower 
clay  separated  by  a  mass  of  sand.  In  the  valley  of  the  Weir,  near 

Durham,  the  late  Professor  Johnston,  in  his  '  Agricultural  Che- 
mistry and  Geology/  described  an  upper  and  a  lower  clay  separated 

by  sand.  On  visiting  the  district,  in  company  with  my  lamented 
friend,  I  found  the  river  flowing  through  a  deep  mass  of  sand.  At 
some  little  distance  this  was  covered  by  boulder-clay,  under  its  usual 
form.  I  was  conducted  to  two  sections  where  there  appeared  to  be 

boulder-clay  below  the  sand.  I  could  not,  however,  satisfy  myself 
that  they  were  not  landslips.  The  sections  at  the  neighbouring 
collieries,  where  records  are  kept  of  all  the  beds  sunk  through, 
whether  belonging  to  the  coal-measures  or  to  the  superficial  deposits, 
would  clear  up  this  point. 

The  passage  of  the  oolitic  erratics  across  the  chalk-ridge  near 
Swaffham  is  analogous  to  the  passage  effected  by  the  Cambrian 
erratics  across  the  Pennine  chain  at  the  Pass  of  Stainmoor,  whence 
they  have  been  distributed  down  the  valleys  of  the  Tees  and  Humber, 
and  lodged  on  the  summits  of  the  oolite-cliffs  at  Scarborough  and 
the  chalk- cliffs  of  Flamborough  Head.  It  is  also  analogous  to  the 
passage  of  the  Lickey  pebbles  across  the  Cotswolds.  In  each  case 
the  different  lines  of  erratic  materials  held  their  southern  course 

separately  so  long  as  the  dividing  ridges  were  above  the  glacial  sea ; 
but  when  their  cols  or  water-sheds  became  sufficiently  submerged, 
the  erratic  blocks  crossed  them,  and  the  blending  lines  continued 
their  southern  course  so  long  as  the  more  distant  rocks  from  which 
they  were  derived  were  not  too  much  submerged  to  continue  to 
furnish  materials. 

One  fact  I  would  urge  on  the  attention  of  those  who  see  the 
effects  of  a  glacier  wherever  they  meet  with  scratched  rocks  and 
scratched  detritus  ;  it  is,  that  in  the  erratic  deposits  of  Norfolk, 
where  we  cannot  invoke  the  presence  of  glaciers  in  the  ordinary 
sense  of  the  term,  the  local  fragments  derived  from  the  shales  of 
the  Kimmeridge  Clay  and  from  the  hard  Chalk  have  the  peculiar 
form  and  scratched  surface  which  pervade  the  local  detritus  of  our 
Alpine  districts. 

That  we  have  evidence  of  glaciers  in  the  valleys  of  Wales  and 
Cumberland,  as  pointed  out  long  ago  by  Buckland,  and  confirmed 
by  Davison,  is  undeniable.  It  is  undeniable  also,  as  suggested  by 
the  latter,  that  they  have  had  a  large  share  in  clearing  the  boulder- 
clay  out  of  the  principal  valleys.     We  have  evidence,  too,  of  the 
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retreat  of  the  glaciers  to  higher  levels  during  the  return  to  a  milder 

climate,  as,  for  instance,  at  Llyn  Idwal*  in  Caernarvonshire  ;  while,  in 
the  adjoining  small  lateral  valley  opposite  the  Penrhyn  Quarry,  I 
have  seen  shells  and  granite  brought  up  from  the  boulder-clay  at  a 
depth  of  30  feet;  no  traces,  or  very  slight  traces  of  it  being  found  in 
the  main  valley  down  which  the  glacier  had  descended.  In  Nantllo 

Valley  also,  at  the  base  of  the  steep  escarpment  of  Llwydd-mawr, 
there  are  two  or  three  small  mounds  of  the  angular  detritus  of  the 
adjacent  precipice  which  indicate  a  very  small  glacier,  although  it 
hardly  deserves  that  name,  which  may  have  reached  their  present 
position  on  ice.  I  never  could  comprehend  it  while  I  thought  only 
of  transport  by  aqueous  action.  Traces  of  the  action  of  glaciers 
during  the  period  of  emergence  we  can  comprehend,  while  we  doubt 
the  possibility  of  pointing  out  those  which  precede  the  period  of 
submergence. 

I  question,  however,  if  it  be  possible  to  point  out  the  track  of  a 
glacier  belonging  to  the  period  which  preceded  the  submergence. 
The  phenomena  which  have  been  mistaken  for  them  are  to  be  referred 
to  the  action  of  heavy  masses  of  floe-ice  advancing  into  the  interior 
over  sinking  land.  The  period  of  submergence  was  one  of  foreign 
erratics  borne  inwards  ;  the  period  of  emergence,  one  of  local  er- 

ratics borne  outwards. 

The  effects  of  terrestrial  and  marine  ice  of  an  arctic  climate,  whe- 
ther we  look  to  heated  rocks,  to  scratched  detritus,  or  to  pot-holes, 

are  so  closely  similar,  as  I  gather  from  the  accounts  of  arctic  voyagers, 
that  it  is  only  by  their  relation  to  deposits  containing  shells,  and  by 
taking  general  views  which  shall  embrace  the  whole  of  the  erratic 
phenomena,  including  the  presence  of  marine  shells,  and  the  condi- 

tions under  which  they  occur,  that  we  can  decide  between  the  effects 
of  the  action  of  terrestrial  and  marine  ice. 

9.  Note  on  the  Bones  of  the  Hind- foot  of  the  Iguanodon, 
discovered  and  exhibited  by  S.  H.  Beckles,  F.G.S.  By  Pro- 

fessor Owen,  F.R.S.,  F.G.S. 

The  specimens^  exhibited  by  Mr.  S.  H.  Beckles,  F.G.S.,  and  dis- 

covered by  him  in  the  Wealden-bed,  south-coast,  Isle  of  "Wight,  con- 
sist of  bones  of  apparently  the  same  individual  of  a  more  than  half- 

grown  Iguanodon,  including  the  metatarsals  and  phalanges  of  the  left 
hind-foot.     This  foot  includes  three  toes. 

To  the  inner  (tibial)  side  of  the  innermost  of  the  fully-developed 
metatarsals,  there  is  attached  a  styliform  rudiment  of  a  more  internal 
metatarsal :  the  distal  end  of  this  rudiment  is  broken  off,  but  it 

gradually  tapers  to  that  end,  and  seems,  like  the  splint-bones  in  the 

*  See  also  Prof.  Ramsay's  remarks  on  the  glacial  phenomena  of  N.  Wales, 
Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  375. — Ed. 

f  These  specimens  have  been  figured,  and  form  the  subjects  of  Plates  1,  2, 
and  3  of  Prof.  Owen's  "  Monograph  of  Wealden  Reptiles,"  published  in  the  volume 
of  the  Paljeontographical  Society  for  1856. 
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metatarsus  of  a  horse,  to  have  terminated  in  a  point,  and  not  to  have 
supported  a  rudimental  claw.  The  outer  side  of  the  outermost 
metatarsal  shows  no  mark  of  any  other  bone,  rudimental  or  other- 

wise, having  been  there  attached.  The  co-articulating  surfaces  at 
the  proximal  ends  of  the  metatarsals  show  them  to  have  belonged, 
as  their  position  in  the  matrix  indicated,  to  the  same  foot. 

The  innermost  supports  a  toe  of  three  phalanges,  the  middle 
metatarsal  one  of  four  phalanges,  the  outermost  one  of  five  pha- 

langes. Only  the  ungual  phalanx  of  the  middle  toe  is  wanting :  and 
that  no  other  phalanx  is  absent  from  this  toe  is  shown  by  the  modi- 

fication of  the  distal  articular  surface  of  the  penultimate  phalanx ; 
which,  like  that  in  the  adjoining  toes,  is  less  concave  transversely,  or 
is  more  uniformly  convex,  than  the  distal  trochlear  surfaces  of  the 
more  proximal  phalanges. 

The  modifications  of  the  claw-phalanx  of  the  outer  and  inner  toes 
accord  with  those  of  the  larger  and  previously  discovered  claw- 
phalanges  of  the  Iguanodon. 

Guided  by  the  analogy  of  the  number  of  phalanges  in  the  toes  of 
the  hind-foot  of  the  Iguana,  we  may  infer  that  the  three  toes  that 
are  normally  developed  in  the  hind-foot  of  the  Iguanodon,  are  the 
second,  third,  and  fourth ;  that  the  first  or  innermost  is  represented 
by  a  rudimental  metatarsal,  which  was  concealed  beneath  the  skin  of 
the  foot ;  and  that  the  fifth  or  outermost  was  entirely  suppressed. 

This  modification  of  the  hind-foot  is  interesting  by  its  analogy  to 
the  tridactyle  hind-foot  of  the  Rhinoceros  and  Tapir ;  and  still 
more  so  by  its  correspondence  in  the  varying  number  of  the  pha- 

langes, and  their  progressive  increase,  from  the  inner  to  the  outer 
toe,  with  the  foot  of  birds. 

It  adds  to  the  probability  of  Mr.  Beckles's  idea  of  the  Iguanodon- 
tal  nature  of  the  large  tridactyle  impressions  which  he  has  discovered 
and  described  in  certain  Wealden  formations,  and  suggests  caution  as 
to  inferring  that  tridactyle  impressions,  showing  a  progressive  increase 
of  digital  joints  from  three  to  five,  from  the  innermost  to  the  outer- 

most toes,  must,  therefore,  necessarily  belong  to  the  class  of  Birds. 

10.  Notice  of  the  Discovery  of  a  Large  Femur  of  the  Iguano- 
don in  the  Weald  Clay  at  Sandown  Bay,  Isle  of  Wight. 

By  T.  F.  Gibson,  Esq.,  F.G.S. 
[Abstract.] 

In  the  year  1829  a  paper  was  read  before  the  Society  by  Dr.  Buck- 
land,  giving  an  account  of  the  first  discovery  in  the  Isle  of  Wight  of 
the  bones  of  the  Iguanodon.  The  paper  described  particularly  a  meta- 

carpal bone  of  this  animal  discovered  by  Dr.  Buckland  in  Sandown 

Bay,  "  in  the  iron- sand,"  to  use  his  own  words,  "  which  forms  the 
shore  there,  a  little  east  of  Sandown  Fort,  between  high  and  low 

water,"  and  he  states  his  belief  that  it  was  the  largest  bone  of  this 
description  that  had  then  been  found. 

In  the  month  of  October  last,  an  unusually  high  tide  and  violent 
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sea  washed  away  a  portion  of  the  low  bank  which  forms  the  boundary 
of  the  shore  a  little  to  the  west  of  Sandown  Fort,  so  as  to  render  the 

section  of  the  Weald  Clay,  which  comes  out  at  this  point,  per- 
pendicular to  the  height  of  about  15  feet.  This  bed  of  clay  lies 

immediately  above  the  ferruginous  sandstone  in  which  Dr.  Buckland 
discovered  the  metacarpal  bone.  About  midway  between  the  bottom 

and  the  top  of  the  clay-bank,  I  found,  lying  in  a  horizontal  position, 
a  fossil  bone  of  such  unusual  dimensions,  that  it  appeared  worthy  of 
notice,  as  being  the  largest  of  its  kind  yet  recorded.  It  measures 
four  feet  ten  inches  in  its  extreme  length,  and  fourteen  inches  in 
diameter  near  the  centre.  It  has  suffered  much  from  pressure,  but 
is  so  far  perfect,  that  Professor  Owen,  on  inspection  of  a  small  clay- 
model  of  the  bone,  pronounced  it  to  be,  in  all  probability,  the 
femur  of  an  Iguanodon.  Owing  to  the  kindness  of  my  friend  Mr. 
Tite,  who  happened  to  be  at  Sandown  at  the  time,  and  assisted  me 
in  some  researches  for  further  remains  of  the  animal,  which  proved 
fruitless,  I  am  able  to  exhibit  the  drawing  of  the  bone,  of  the  actual 
size,  on  the  wall. 

The  clay-bed  in  which  the  bone  was  found  is  near  the  centre  of 
the  arch  which,  as  is  well  known,  is  formed  by  the  Wealden  in 

Sandown  Bay,  dipping  slightly  westward.  "Where  the  same  bed 
occurs  on  the  reverse,  or  eastern  dip,  at  a  distance  of  about  half-a- 
mile,  large  vertebrae  and  other  portions  of  bone  are  frequently  found, 
but  always  much  rolled  and  broken. 

On  the  Geology  of  the  North-east  part  of  the  Doerutcha. 
By  T.  Spratt,  Captain  R.N.,  F.R.S.,  F.G.S. 

On  the  Freshwater  Deposits  of  the  Levant.     By  T.  Spratt, 
Captain  R.N.,  F.R.S.,  F.G.S. 

[The  publication  of  these  memoirs  is  unavoidably  deferred.] 
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On  a  New  Genus  ©/Cephalopoda,  Tretoceras*  (Orthoceras 
bisiphonatum,  Sowerby) ;  and  on  the  occurrence  of  the  Genus 
Ascoceras,  Barrande,  in  Britain.  By  J.  W.  Salter,  Esq., 
F.G.S.,  of  the  Geological  Survey  of  Great  Britain. 

[Plate  XII.] 

[Read  June  4,  1856t.] 

This  unique  fossil  is  figured  in  the  '  Silurian  System,'  pi.  21.  f.  23. 
The  anomaly  presented  by  it,  as  a  Cephalopod  shell  having  appa- 

rently two  distinct  siphuncular  tubes  perforating  the  septa,  has  always 
appeared  very  great ;  since,  however,  so  many  species  with  large 
lateral  siphmicles  are  known  {Cameroceras  and  Endoceras),  the  ana- 

logy with  these  has  always  offered  itself  for  consideration,  and  pre- 
vented inquiry  as  to  which  was  the  true  siphuncle,  and  what  might 

be  the  nature  of  the  supplementary  tube. 
I  think,  however,  that  the  structure  of  another  and  very  rare  group 

of  Orthocerata  will  explain  the  peculiarities  of  this  fossil. 
That  the  remarkable  lateral  tube  is  not  produced  by  the  intrusion 

of  any  smaller  Orthoceras  into  the  cavity  of  a  larger  one — a  circum- 
stance very  common  indeed  among  these  fossils,  and  one  which  has 

been  often  commented  upon  J,  is  evident  from  the  fact  that  the  edges 
of  the  septa  (a,  a)  where  they  abut  upon  the  large  tube  are  decur- 
rent  upon  it ;  so  that  the  perforation  is  a  natural  one.  Nor  is  it 
comparable  with  the  large  lateral  siphuncle  of  Cameroceras,  seeing 
that  there  exists  another  and  a  true  siphuncle  close  to  it,  and  the 
tube  itself  is  not  at  all  annulated  as  in  the  shelly  siphuncle  of  species 
of  the  group  last  mentioned. 

There  is  one  form  indeed  of  Orthoceras  (fig.  4)  doubtfully  referable 
to  the  genus  (and  which  Mr.  S.  P.  Woodward  considers  an  evolute 

form  of  Discites§,  MfCoy,  or  Nautiloceras,  D'Orbigny)  which  offers 
a  triangular  section  of  the  tube,  the  lateral  edges  being  produced  into 

*  Diploceras,  the  name  given  in  the  notice  of  this  paper,' Quart.  Journ.  Geol. Soc.  vol.  xii.  p.  381,  has  been  previously  used  by  Conrad. 
f  For  the  other  communications  read  at  this  Evening's  Meeting  see  Quart. 

Journ.  Geol.  Soc.  vol.  xii.  pp.  369,  &c. 
%  There  is  a  specimen  in  the  cabinet  of  the  Rev.  T.  T.  Lewis  of  Bridstow,  Ross, 

in  which  the  tube  of  a  large  Orthoceras  Ludense  is  literally  crammed  with  smaller 
ones ;  nearly  all  the  septa  had  been  broken  either  by  their  intrusion  or  before  their 
admission. 

§  Manual  of  the  Mollusca,  pt.  1.  pp,  86  &  450. 
VOL.  XIV. — PART  I.  N 
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wing-like  crests.  It  is  the  Orthoceras  paradoxicum  of  J.  Sowerby, 
from  the  Carboniferous  Limestone  of  Ireland.  Were  the  back  of  this 

species  hollowed  out  a  little  more,  and  the  wings  extended  upward 
in  the  direction  of  the  dotted  lines  in  our  fig.  4,  it  would  present 
a  very  close  analogy  with  the  section  of  O.  bisiphonatum  represented 
in  fig.  3. 

There  is  also  in  the  Lower  Silurian  rocks  of  North  America,  a 

genus  of  Orthoceratidce,  Gonioceras  of  Hall*,  which  shows  the  same 
characters  in  an  extravagant  degree  (fig.  5).  Gonioceras  is  the  most 
extreme  modification  in  section  yet  observed  among  the  chambered 
Cephalopoda.  It  has  a  beaded  siphuncle,  like  that  of  O.  bisi- 
phonatum.  If  it  were  less  extended  laterally,  and  were  the  sharp 
edges  curved  round  in  the  manner  supposed  in  fig.  4,  so  as  nearly  to 
meet,  we  should  have  a  form  to  all  appearance  exactly  similar  to  that 
of  the  internal  cast  of  Tretoceras.  I  for  some  time  thought  that  we 
had  in  the  genus  now  described  (Tretoceras)  an  extreme  form  of  this 
kind,  and  that  it  would  rank  next  to  Gonioceras.  But  there  is  one 
serious  objection  to  that  view,  inasmuch  as  there  is  no  indication  in 
the  uppermost  or  terminal  chamber  of  a  margin  to  the  supposed 
excavation.  On  the  contrary,  the  tube  is  evidently  continuous  with 
that  terminal  chamber  (fig.  1  b),  and  the  argillaceous  matrix  has 
flowed  from  one  into  the  other,  without  any  line  of  separation,  such 
as  must  have  been  the  case  had  the  walls  of  the  tube  been  formed  by 
the  outer  surface  of  the  shell. 

"We  have  then  clear  evidence  that  this  anomalous  shell  possessed 
ordinary  septa,  pierced  by  an  excentric  beaded  siphuncle,  and  also 
had  a  deep  lateral  cavity  continuous  with  the  terminal  chamber  and 

passing  down  side  by  side  with  the  siphuncle, — the  cavity  affecting 
at  least  seven  of  the  uppermost  septa,  if  not  the  whole  of  them. 

In  a  late  communication  to  the  Geological  Society  of  France,  the 
indefatigable  M.  Barrande  has  figured  one  among  the  many  new 
Cephalopods  of  Bohemia,  which  will,  I  think,  furnish  the  requisite 
analogy.  He  describes  Jscocerasf  as  a  flask-shaped  cephalopod  of 
the  tetrabranch  order,  with  the  terminal  chamber  not  only  occupy- 

ing the  space  above  the  air-chambers,  but  extending  down  one  side 
of  nearly  the  whole  length  of  the  shell,  in  the  form  of  a  wide  and 
deep  cavity ;  this  broad  cavity  being  embraced  by  the  decurrent 
edges  of  the  incomplete  upper  septa  (4  or  5  in  number) .  It  also 
communicates  at  its  base  with  a  small  siphuncle  which  pierces  the 
minute  terminal  air-chambers. 

There  are  no  traces  of  a  siphuncle  in  the  incomplete  upper  septa 
which  are  thus  formed  on  one  side  only  of  the  produced  hinder  por- 

tion of  the  body  of  the  animal %. 
M.  Barrande  ingeniously  argues  that  this  wide  cavity  on  the 

*  Palaeont.  N.  York,  vol.  i.  pi.  14. 
t  Bull.  Soc.  Geol.  France,  2nd  series,  vol.  xii.  p.  157,  and  our  figure,  PI.  XII. 

fig,  7.     See  also  Quart.  Journ.  Geol.  Soc.  vol.  x.  part  2,  Miscell.  p.  26. 
X  Barrande  supposes  this  portion  to  have  contained  some  of  the  viscera,  so  that 

there  would  be,  on  this  view,  no  abrupt  distinction  between  the  mass  of  the  animal 
and  the  siphuncle  itself. 
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ventral  side  of  the  animal  is  of  the  same  nature  as  the  large  lateral 
siphuncles  of  the  group  named  Orthoceratites  vaginati  by  Quenstedt, 
and  to  one  of  which  Conrad  applied  the  term  Cameroceras. 

The  posterior  part  of  the  mantle  in  these  Orthoceratites  must 
clearly  have  extended  back  to  the  distance  of  two  or  three  septa,  if 
not  to  the  whole  extent  of  the  tube,  since  the  shelly  deposit  is  con- 

tinuous throughout.  And  the  same  must  have  taken  place  in  the 
more  recent  Nautilus  (Aturia)  Ziczac.  This  large  siphuncle  appears 

from  Barrande's  account  and  Hall's  figures*  to  be  always  filled  up 
posteriorly  as  the  animal  moves  onward  in  the  shell ;  so  that  the 
hinder  portion  of  the  body,  though  greatly  elongated,  does  not  neces- 

sarily attain  an  extravagant  length. 
It  is,  however,  quite  conceivable,  that  the  hinder  portion  of  the 

body  might  be  only  narrowed  and  contracted  for  a  given  distance,  and 
yet  communicate  with  a  siphuncle  of  the  usual  form,  but  which  does 
not  elongate,  at  least  in  mature  age,  in  proportion  to  the  advance  of 

the  animal  in  the  shell.  And  such,  from  Barrande's  own  figures 
and  descriptions,  appears  to  have  been  the  case  with  the  genus  Asco- 
ceras  above  mentioned ;  for,  while  the  terminal  air-chambers  (and  in 
some  species  of  Ascoceras  there  were  evidently  more  than  one)  are 
furnished  with  a  small  siphuncle,  the  latter  does  not  in  any  way 
extend  into  the  incomplete  and  arched  septa  which  are  formed  in 
the  inflated  portion  of  the  shell,  but  is  continuous  with  the  contracted 
posterior  visceral  cavity.  In  the  form  we  now  figure,  however,  both 
the  enlarged  cavity  and  the  siphuncle  exist,  side  by  side,  and  the 
former  is  by  this  means  shown  to  be  independent  of  the  latter,  and 

not,  as  M.  Barrande's  view  of  the  case  would  make  it,  a  mere  con- 
tinuation of  it.  In  Tretoceras  there  must  have  been  a  posterior  elon- 

gation or  lobe,  something  like  those  so  commonly  met  with,  of  far 
less  size,  in  the  genera  Clymenia  (where  it  is  dorsal)  or  in  Gonia- 
tites,  and  especially  in  Bactrites  (Sandberger),  fig.  6,  where  it  is 
ventral.  The  concurrence  of  the  siphuncle  with  the  position  of  this 
lobe  may  be  only  accidental,  as  in  the  case  of  the  ventral  lobe  of 
Goniatites  and  Ammonites,  while  in  Clymenia  and  Aturia  Ziczac  the 
lobes  are  independent  of  the  siphuncle.  But  in  Ascoceras,  and  espe- 

cially in  those  Orthocerata  with  large  ventral  siphuncles,  the  coin- 
cidence is  exact,  in  the  one  genus  a  small  siphuncle  being  attached 

to  the  extremity  of  this  lobe,  while  in  the  other  the  siphuncle  is  con- 
tinuous with  the  lobe,  and  of  equal  diameter  to  it. 

In  any  case  the  subject  of  our  present  notice  is  worthy  of  generic 
distinction,  and  the  name  Tretoceras  (rp^ros, pierced)  seems  applicable 
to  its  apparent  structure. 

Tretoceras,  gen.  nov.     PI.  XII.  figs.  1-3. 
Elongate,  with  a  subcentral  beaded  siphuncle,  and  with  the  septa 

pierced  ventrally  by  a  wide  cylindrical  sinus  or  tube  distinct  from  the 
siphuncle. 

Species  unica.  T.  bisiphonatum,  Sowerby,  sp.  (Orthoceras)  in  Mur- 

chison's  'Sil.  Syst.'  p.  642,  pi.  21.  f.  23. 
*  Palseont.  New  York,  vol.  i.  pi.  44,  &c. 

N2 
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ASCOCERAS. 

As  an  interesting  addition  to  the  fauna  of  our  Upper  Silurian 
rocks,  I  subjoin  a  description  of  a  species  of  the  genus  Ascocerus 
above  quoted,  p.  168.  Three  or  four  specimens  have  occurred  in  the 
Upper  Ludlow  rock,  both  from  near  the  town  of  Ludlow,  and  from 
Herefordshire.  It  appears  to  be  a  larger  and  thicker  species  than  the 
A.  Bohemicum,  Barr.,  and  I  propose  to  call  it 

Ascoceras  Barrandii,  spec.  nov.     PI.  XII.  fig.  7. 
A.  clavatum,  longi-ovatum,  cylindricura  ?,  lente  curvatum,  striis  transversis  tenu- 

issimis  obliquis ;  septis  ut  in  A.  Bohemieo. 

Our  species  differs  from  M.  Barrande's  A.  Bohemicum  *  chiefly^by 
the  considerable  obliquity  of  the  lines  of  growth.  The  form  is  some- 

what more  inflated,  and  the  region  occupied  by  the  septa,  if  possible, 
more  extravagantly  sigmoidal  in  outline.  Our  specimen  shows  the 
surface  of  the  penultimate  1  f  septum  and  the  place  of  the  siphuncle. 

Although  here  described  as  a  distinct  species,  it  is  possible  that 
more  specimens  may  prove  it  to  be  identical  with  the  Bohemian 
fossil.  Our  specimens  are  flattened ;  and  the  greater  obliquity  of 
the  lines  of  growth  may  be  due  to  this  circumstance. 

Locality.  Upper  Ludlow  rock,  Ludlow  (collected  by  Mr.  Light- 
body  and  Mr.  J.  Harley  of  Ludlow) ;  at  Stansbatch,  Herefordshire 
(collected  by  Mr.  J.  E.  Davis  of  Presteign),  now  in  the  Museum  of 
the  Geological  Survey.  I  found  one  also  at  Hales  End,  Malvern ;  it 
is  now  in  the  cabinet  of  my  friend  R.  B.  Grindrod,  LL.D.,  F.G.S., 
of  that  place.  It  appears  to  occur  in  the  very  uppermost  layers  of 
the  Ludlow  rock,  immediately  beneath  the  Bone-bed.  Its  place  in 

Bohemia  is  lower  down  (in  "  Etage  E."  or  the  Wenlock-beds) .  In 
North  America  again,  as  I  learn  by  a  letter  from  M.  Barrande,  the 

genus  has  occurred  in  the  "Hudson  River  Group"  (Caradoc  Sand- stone)! 
EXPLANATION  OF  PLATE  XII. 

Fig.  1.  Tretoceras  bisiphonatum,  Sow.  sp. ;  natural  size.  In  the  Museum  of  the 
Geological  Society,  a,  shows  the  flattened  and  decurrent  edges  of 
the  septa  where  they  join  the  lateral  tuhe.  b,  the  cast  of  the  tube 
itself  undivided  by  any  constrictions,  c,  the  beaded  siphuncle  placed 
excentrically. 

2.  A  restored  figure :  a  portion  of  the  shell  is  supposed  to  have  been  re- 
moved. 

3.  End-view  of  one  of  the  septa,  showing  the  excentric  position  of  the 
siphuncle. 

4.  Outline  of  the  septum  of  Nautiloceras  paradoxicum,  Sow.,  sp. ;  to  show 
the  possible  analogy  of  Tretoceras  with  this  form,  if  the  ends  were 
more  incurved. 

5.  Outline  of  the  septum  of  Gonioceras  anceps,  Hall ;  also  for  comparison. 
The  shell,  however,  in  both  these  forms  would  tine  the  whole  concave 

surface. 
6.  Bactrites,  Sandberger ;  introduced  to  show  the  small  ventral  lobe  in  the 

septa. 
7.  Ascoceras  Barrandii,  Salter,  with  septa  added  in  dotted  lines. 

*  Bull.  Soc.  Geol.  France,  2nd  ser.  vol.  xii.  pi.  5.  fig.  20. 
f  There  were  clearly  more  than  two  ordinary  septa  at  the  small  end  of  the  shell. 

This  is  seen  in  some  of  M.  Barrande's  specimens  now  in  the  British  Museum. 
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L.  Agassiz.- — Classification  of  Polyps,  18/,  192. 
          The  Connecticut  foot-tracks,  193. 
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Jaccard. — Renversements  des  terrains  stratifies  du  Jura,  248. 
F.  Troyon. — Atlas  d' Aurochs  a  Moosseedorf,  255. 
E.  Renevier. — Fossiles  d'eau  douce  inferieurs  au  cretace,  259. 
F.  Fol. — Sur  le  bohnerz  du  Canton  de  Schaffhouse,  261. 

          Analyse  d'un  minerai  de  cuivre,  263. 
Zollikofer. — Bassin  hydrographique  du  P6,  264. 
C.  Gaudin. — Mines  d'acide  borique  de  Monte-Cerboli,  277- 
Morlot. — Sur  le  cone  de  dejection  du  Boiron,  280. 

          Les  dunes  de  sable  de  Saxon  en  Valais,  306. 
Ph.  Delaharpe. — Defense  d'Elephant  fossile  de  Morges,  308. 

          Sur  la  source  thermale  de  Lavey,  309. 
H.  Berthond. — Cosmogonie  mosaique,  323. 
C.  Gaudin. — Empreintes  vegetales  de  la  Toscane,  330  (plate). 
Ph.  Delaharpe. — Debris  d'Anthracotherium  magnum,  342. 
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Leeds  Philosophical  and  Literary  Society.  Annual  Report  for 
1856-57. 

Linnean  Society,  Journal  of  the  Proceedings  of.  Vol.  ii.  No.  6. 
November  1857. 

Literary  Gazette  for  November  and  December,  1857.  From  L. 
Reeve,  Esq.,  F.G.S. 

Notices  of  Scientific  Meetings. 
Meeting  of  the  German  Naturalists  at  Bonn,  1172,  1220. 

Liverpool,  Proceedings  of  the  Literary  and  Philosophical  Society  of. 
No.  11.     1856-57. 

R.  Brooke. — On  the  Probable  Period  of  the  Extinction  of  Wolves 
in  England,  53. 

N.  Samuelson. — On  the  Production  of  Copper  from  its  Ores,  71. 
T.  C.  Archer. — On  Vegetable  Organisms  found  in  Coal,  143. 
T.  Inman. — An  Account  of  some  of  the  Volcanoes  of  Italy,  147. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  4th  Series. 

Vol.  xiv.  No.  94.  November  1857.  From  U.Taylor,  Esq., 
F.G.S. 

T.  S.  Hunt. — The  Serpentines  of  Canada  and  their  associated 
Rocks,  388. 

N.  Nordenskiold. — Demidovite,  a  new  species  of  mineral  from 
Nijne  Taguil  in  the  Ural,  387. 

  — ■-.   ",     No.  95.    December  1857. 
A.  B.  Northcote. — The  Brine-springs  of  Cheshire,  457. 
S.  Yorke.— Silica,  476. 

  .       .     No.  96  (Supplement).     December  1857. 

J.  Ball.— The  Structure  of  Glaciers,  481. 
J.  Thomson. — The  Plasticity  of  Ice,  as  manifested  in  Glaciers, 548. 

F,  P.  Le  Roux. — Magnetic  properties  of  Iron,  553, 

Madrid.     Memorias  de  la  Real  Academia  de  Ciencias  de.     Tomo  iv. 
3a  Serie.     Ciencias  Naturales.     Tomo  2o.  Parte  2a.  4o. 

Lucas  de  Olazabal. — Suelo,  clima,  cultivo  agrario  y  forestal  de  la 
provincia  de  Vizcaya,  211  (2  maps). 

Felipe  Narango  y  Carza. — Discurso  sobre  la  necesidad  de  una 
descripcion  de  la  Cordillera  de  Sierra-Morena  con  relacion 
a  los  tres  reinos  de  la  Historia  natural,  329. 

Joaquin  Ezquerra  del  Bayo. — Ensayo  de  una  descripcion  general 
de  la  estructura  geologica  del  terreno  de  Espana  en  la  penin- 

sula, 351. 

Real  Academia  de  Ciencias  :  Programma  para  la  adju- 
dicacion  de  premion  en  el  ano  1858. 

Manchester  Literary  and  Philosophical  Society,  Memoirs.  2nd  Series. 
Vol.  xiv.  J 85  7. 

W.  Fairbairn. — Comparative  value  of  various  kinds  of  Stone,  as 
exhibited  by  their  power  of  resisting  compression,  31  (3 

plates). 
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Manchester  Literary  and  Philosophical  Society,  Memoirs.  2nd  Series. 
Vol.  xiv.     1857  {continued). 

E.  W.  Binney. — Additional  Observations  on  the  Permian  Beds 
of  the  North-west  of  England,  101. 

F.  C.  Calvert  and  R.   Johnson. — Pig-iron  and  Wrought-iron, 121. 

Neuchatel,  Bulletin  de  la  Societe  des  Sciences  Naturelles  de.   Vol.  iv. 
Deuxieme  Cahier.     1857. 

Ritter. — Analyse  de  caleaires  hydrauliques  de  Neuchatel,  160. 
Kopp. — Analyse  de  calcaire  dolomitique  du  Kimmeridgien,  161. 
G.  De  Trilobet. — Fossiles  neocomiens  avec  leur  testes,  168. 

Lesquereux. — Sur  la  formation  des  prairies  d'Amerique,  172. 
E.  Desor. — La  structure  des  Eugeniacrines  et  de  quelques  autres 

fossiles  analogues  de  l'Oxfordien  calcaire  des  Lsegern  (Argo- 
vie),  197  (plate). 

G.  De  Trilobet.— Sur  le  Terrain  Valangien,  203. 

Paris.     Archives  du  Museum  d'Histoire  Naturelle.     Vol.  ix.  livr.  4. 1857. 

  .     Comptes  Rendus  hebdomadaires  des  Sciences  de  PAca- 
demie   des  Sciences.      1857.     Premier   Semestre.     Vol.  xliv. 
Nos.  8-26. 

  .   '.     1857.    Deux.  Semestre.    Vol.  xlv.     Nos. 
1-21. 

  .     Tables  des  Comptes  Rendus  des  Sciences  de  PAcademie 
des  Sciences.     Deuxieme  Semestre.     1856.     Tome  xliii. 

Tissier. — Sur  la  transformation  du  fluorure  double  d'aluminium 
et  de  sodium  en  aluminate  de  soude,  102. 

Ch.  et  A.  Tissier. — Sur  les  alliages  d'aluminium,  885. 
      Action  des  reactifs  par  la  voie  seche  sur  raluminium, 1187. 

H.  Sainte  Claire  Deville. — Nouveaux  faits  concernant  Piodure 

d'argent,  le  fluorure  d'aluminium,  9/0. 
Debray. — Sur  les  alliages  de  l'aluminium,  925. 
Flichy. — Sur  la  formation  des  bicarbonates  de  chaux,  696. 
      Moyen  preservatif  contre   les   incrustations   caleaires, 

718. Vaillant. — Rapport  sur  un  premier  memoire  de  MM.  Rivot  et 
Chatoney,  concernant  les  materiaux  hydrauliques  employes 
dans  les  constructions  a  la  mer,  302. 

Rivot  et  Chatoney,  Deuxieme  partie  du  travail  dc,  3/3. 
Vaillant. — Rapport  sur  cette  deuxieme  partie,  785. 
Vicat. — Remarques   a  l'occasion   des  deux  memoires  de  MM. 

Rivot  et  Chatoney,  1027. 
Biot. — Sur  un  nouveau  fait  de  formation  cristalline  decouvert  par 

M.  Marbach,  705,  800. 
Pasteur  et  De  Senarmont. — Etudes  sur  les  modes  d'accroissement 

des  cristaux  et  sur  les  causes  de  variations  de  leurs  formes 
secondares,  795,  799. 
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Paris.  Tables  des  Comptes  Rendus  des  Sciences  de  PAcademie 
des  Sciences.  Deuxieme  Semestre.  1856.  Tome  xliii.  {con- 
tinued) . 

Delafosse. — Sur  un  moyen  de  resoudre  synthetiquement  plusieurs 
des  principales  questions  de  crystallographie,  32. 

      Memoire  sur  la  structure  des  cristaux  et  ses  rapports 
avec  les  proprietes  physiques  et  chimiques,  958. 

Leymerie. — Essai  d'une  explication  generale  de  l'hemiedrie,  1042. 
          Note  sur  la  part  qu'il  paraitrait  raisonnable  de  faire 

a,  Themiedrie  dansle  tableau  des  systemes  cristallins,  1183. 
Bobierre. — Influence  du  debordement  de  la  Loire  sur  la  consti- 

tution chimique  des  eaux  de  ce  fleuve,  400. 

Pyglousky. — Sur  l'emploi  des  eaux  sulfureuses  du  Vernet,  487- 
Maxwell  Lyte. — Nouveau  procede  pour  la  determination  quan- 

titative du  soufre  des  eaux  minerales,  765. 

Filhol. —  Sur  les  eaux  minerales  des  Pyrenees,  809. 
Delesse.-^Addition  a  un  precedent  memoire  sur  les  eaux  souter- 

raines  de  la  ville  de  Paris,  740. 

Fauvelle. — Sur  le  regime  des  nappes  d'eaux  souterraines  au  pied 
des  Alpes  et  des  Pyrenees,  887. 

Villeneuve  Flayosc. — Sur  les  eaux  souterraines  de  la  Provence, 1032. 

Jobard. — De  l'eclairage  des  mines  de  houille,  820. 
De  Paravey. — Reeherches  concernant  l'histoire  de  l'Epyornis, 928. 

Chevreul. — Sur  une  production  de  fer  sulfure,  128. 
H.  Sainte-Claire  Deville. — Sur  des  faits  nouveaux  concernant 

l'iodure  d'argent  et  des  fluorures  metalliques,  970. 
Nickles. — Presence  du  fluor  dans  le  sang,  885. 
Elie  de  Beaumont. — Signale  un  memoire  de  M.  Jseger  sur  une 

nouvelle  espece  d'Ichthyosaure,  218. 
Lartet. — Sur  un  grand  Singe  fossile  qui  se  rattache  au  groupe 

des  Singes  superieurs,  219. 

Gaudry  et  Lartet. — Resultats  des  reeherches  paleontologiques 

faites  dans  FAttique  sous  les  auspices  de  l'Academie,  271, 318. 

Gervais. — Sur  le  gisement  de  TAnthracotherium  magnum,  223. 
        Sur  les  Mammiferes  fossiles  recueillis  dans  le  departe- 

ment  du  Gard,  1159. 

Ch.  Bonaparte. — Ornithologie  fossile,  servant  d'introduction  au 
tableau  des  Ineptes  et  des  Autruches,  775. 

Gervais. — Sur  les  pretendus  oiseaux  du  terrain  wealdien  de  Til- 

gate,  915. 
Jackson. — Nouveau  gisement  de  trilobites  decouvert  pres  de 

Boston,  883. 

Durocher. — Sur  les  forets  sousmarines  de  la  France  occidentale, 
10/1. 

          et   Fournet.  —  Sur  la   disposition   des   cristaux    de 
quartz  et  de  feldspath  dans  les  roches  granitiques,  29,  188, 
326,849. 

Fournet. — Apercus  relatifs  a,  la  theorie  des  filons,  345,  842,  894. 
Durocher. — Communication  concernant  la  carte  jointe  a  son  me- 

moire sur  l'orographie  de  la  Norwege,  de  la  Suede  et  de  la 
Finlande,  1114. 
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Paris.     Tables  des  Comptes  Rendus  des  Sciences  de  PAcademie  des 
Sciences.    Deuxieme  Semestre.    1856.   Tome  xliii.  {continued). 

D'Archiac. — Disposition  crateriforme  de  couches  tertiaires  ou  de 
transition  autour  d'un  ilot  amphiboliqUe,  225. 

Abich. — Etudes  des  terrains  tertiaires  du  Caucase  et  des  pays 
limitrophes ;  du  sel  gemme,  et  de  son  origine  dans  les  ter- 

rains tertiaires,  227. 

Pissis. — Recherches  sur  la  geologie  du  Chili,  686. 
Fauvelle. — Etudes  sur  le  bassin  de  la  Tet,  688. 
De  Francq. — Sur  la  formation  et  la  repartition  des  reliefs  terres- 

tres,  690. 
Vezian. — De  deux  systemes  de  soulevement,  tous  les  deux  inedits 

(systemes  du  Mont  Seny  et  du  Mont  Serrat),  752. 
          Sur  le  terrain  nummulitique  antepyreneen,  1157- 

Hebert. — Sur  les  oscillations  du  sol  de  la  France  septentrionale 
pendant  la  periode  jurassique,  853. 

A.  Riviere. — Sur  Page  de  quelques  roches  d'origine  ignee,  857. 
Pomel. — Sur  la  structure  geologique  de  PAlgerie,  880. 
Elie  de  Beaumont. — Sur  un  des  systemes  de  montagnes  signales 

par  M.  Pomel,  880. 
Delesse. — Carte  geologique  hydrographique  de  la  ville  de  Paris, 

De  Meugy. — Sur  un   nouveau  depot   de  phosphate  de  chaux, 

755. 
De  Molon  et  Thurneysen.— Sur  la  decouverte  en  France  de  gise- 

ments  de  phosphates  de  chaux,  11/8. 
Danjou  de  la  Garenne. — Sur  un  gisement  de  quartz  resinite  pres 

de  Fougeres,  1059. 
Paravey. — Renseignements  fournis  par  des  auteurs  chinois  et  qui 

semblent  se  rapporter  les  uns  a  l'histoire  de  l'Epyornis,  les 
autres  a  celui  de  diverses  substances  employees  comme  le 
papier,  pour  recevoir  Pecriture,  488,  634. 

Troost. — Sur  le  lithium  et  ses  composes,  921. 
Hautefeuille. — Sur  la  presence  du  mercure  dans  le  minerai  de 

cuivre  natif  argentifere  dulac  Superieur,  166. 
Damour. — Examen   comparatif  et  analyse   de  Peudialite  et  de 

Peukolite,  1197. 

Raimonde,  Aubertin,  et  Babinet. — Nouveau  procede  pour  la  de- 
termination de  la  pesanteur  specifique  des  corps,  437,  618, 

620. 

Pariset. — Sur  les  soulevements  terrestres,  657. 
Schrceder. — Sur  les  soulevements  de  la  croute  du  globe,  729, 

767,  871. 
Rozet. — Sur  les  irregularites  de  la  structure  du  globe  terrestre, 

1143. 

Vionnois. — Sur  les  ondes  a  la  mer,  sur  le  port  de  Bayonne,  et 
specialement  sur  l'embouchure  de  l'Adour,  696. 

Plarr. — Sur  la  chaleur  regue  en  un  point  quelconque  de  la  sur- 
face terrestre,  1095. 

Duroeher  et  Malaguti. — Sur  les  proprietes  thermiques  des  dif- 
ferents  sols,  1110. 

Fremy. — Sur  les  silicates,  1146. 
F.  de  Saint-Hilaire. — Sur  la  perforation  des  puits  artesiens  et 

autres  puits,  1187. 
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Paris.  Tables  des  Comptes  Rendus  des  Sciences  de  PAcademie  des 
Sciences.    Deuxieme  Semestre.   1856.   Tomexliii.  (continued). 

Girard. — Action  de  Phydrogene  naissant  sur  le  sulfure  de  carbone, 
396. 

De  Prost. — Oscillations  legeres  du  sol  observees  a  Nice  au  moyen 
du  pendule,  239. 

Fournet  et  De  Prost. — Sur  le  tremblement  de  terre  des  20  et  21 
aout  1856,  552. 

Gaultier  de  Claubry. — Sur  les  effets  da  meme  ti*erablement  de 
terre  dans  diverses  parties  de  PAlgerie,  589. 

          Sur  les  tremblements  de  terre  ressentis  a  Philippe- 
ville,  764. 

Aucapitaine. — Sur  le  tremblement  de  terre  ressenti  en  Algerie  du 
21  au  25  aout  1856,  7Q5. 

D'Escayrac  Lauture. — Vue  d'une  mosquee  de  Boulak  apres  le 
tremblement  de  terre  du  13  octobre  1856,  988. 

Ch.  Sainte-Claire  Deville. — Sur  les  phenomenes  eruptifs  du  Ve- 
suve  et  de  PItalie  meridionale,  204,  359,  431,  533,   606, 
681,  745. 

Biot  et  De  Quatrefages. — Remarques  a  l'occasion  des  observa- 
tions de  M.  Ch.  Deville,  concernant  le  volcan  de  Stromboli, 

610. 

£lie  de  Beaumont. — Sur  Petat  du  Stromboli  a  diverses  epoques 
peu  distantes,  611. 

G.  Guiscardi. — Sur  les  etuves  de  Neron,  751. 
Ch.  Sainte-Claire  Deville. — Memoire  sur  les  emanations  volca- 

niques,  955. 

Pennsylvania,  Journal  of  trie  Franklin  Institute.  3rd  Series.  Vol. 
xxxiv.     October  1857.     No.  4. 

W.  M.  Roberts. — Improvement  of  the  Ohio  River,  217. 
C.  Ellet. — Improvement  of  the  Ohio  River,  263. 
J.  N.  von  Fuchs. — Soluble  Glass,  265. 

  -.   .     November  1857.     No.  5. 

W.  M.  Roberts. — Improvemeut  of  the  Ohio  River,  289,  354. 

Philadelphia,  Academy  of  Natural  Sciences  of.  Act  of  Incorpora- 
tion and  By-laws,  1857;  List  of  Members  and  Correspondents, 

1857. 

Catalogue  of  Human  Crania  in  the  Col- 
lection of  the  Academy  of  Natural  Sciences  of  Philadelphia. 

From  J.  A.  Meigs,  M.D.     1857. 
  .   .     Journal.     New  Series.  Vol.  iv.  Part  3. 

J.  Leidy. — Description  of  some  remains  of  Fishes  from  the  Carbo- 
niferous and  Devonian  Formations  of  the  United  States,  159. 

          Description  of  some  remains  of  extinct  Mammalia, 
166  (plate). 

J.  Deane. — On  the  Sandstone  Fossils  of  Connecticut  River,  173 

(3  plates). 

  .   .     Proceedings.     Vol.  viii.  Nos.  3-6. 

F,  B.  Meek  and  F.  V.  Hayden. — New  Fossils  and  Geology  of  the 
Country  about  the  sources  of  the  Missouri,  111,  265. 

L.  Harper. — Ceratites  Americanus,  126  (figures). 



\ 
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Philadelphia  Academy  of.  Natural  Sciences,  Proceedings.     Vol.  viii. 
Nos.  3-6  {continued). 

W.  J.  Taylor. — Examination  of  the  Meteoric  Iron  from  Xiquipileo, 
Mexico,  128. 

J.  Leidy. — Fossil  Vertebrata,  163. 
          Fossil  Vertebrata  from  New  Jersey,  220. 
          Fossil  Vertebrata  from  North  Carolina,  256. 
          Fossil  Fishes  from  the  Upper  Missouri,  256. 
          Fossil  Turtles  from  New  Jersey,  303. 
          Fossil  Vertebrata  from  the  Upper  Missouri,  311. 

T.  A.  Conrad. — New   Species   of  Middle   Tertiary    Shells  from 
California  and  Texas,  312. 

for  1857.     Pp.  1-100. 
W.  J.  Taylor. — Aluminium ;  the  progress  in  its  manufacture,  1 1 
J.  Leidy. — Extinct  Vertebrata  of  the  region  of  the  Missouri,  89. 
W.  J.  Taylor. — Rock-guano  of  the  Caribbean  Sea,  91. 

Photographic  Society,  Journal.     Nos.  59,  60,  61. 

Royal  Geographical  Society  of  London,  Proceedings.     No.  xi.  June 
1857. 

W.  C.  Grant. — Vancouver  Island,  487. 
A.  C.  Gregory. — North  Australia,  490. 
W.  H.  Fitton.— N.W.  Australia,  501. 
H.  M.  Witt. — Specific  gravity  of  sea-water  from  the  West  Coast 

of  Africa,  508. 

Royal  Institution  of  Great  Britain,  a  new  classified  Catalogue  of  the 
Library  of  the.     1857. 

1857. 
List  of  Members,  Officers,  &c.  for  1856. 

Notices  of  the  Meetings  of  the  Members. 

Part  7.  Nov.  1856-July  1857. 

J.  Tyndall.— Glaciers,  320. 
J.  Phillips.— The  Malvern  Hills,  385. 
A.  C.  Ramsay. — Permian  Breccia,  417. 

St.  Louis,  the  Transactions  of  the  Academy  of  Science  of.     Vol.  i. 
No.  1.   1857. 

J.  Evans  and  B.  F.  Shumard. — On  some  new  species  of  Fossils 
from  the  Cretaceous  Formation  of  the  Nebraska  Territory,  38. 

H.  A.  Prout. — Description  of  a  new  species  of  Productus  from 
the  Carboniferous  Limestone  of  St.  Louis,  43  (plate). 

A.  C.  Koch. — Mastodon  remains  in  the  State  of  Missouri,  together 
with  evidences  of  the  existence  of  Man  contemporaneously 
with  the  Mastodon,  61. 

B.  F.  Shumard. — Description  of  new  Fossil  Crinoidea  from  the 
Palaeozoic  Rocks  of  the  western  and  southern  portions  of  the 
United  States,  71  (plate). 

A.  Litton. — Belcher  and  Brother's  Artesian  Well,  80  (plate). 



DONATIONS.  193 

Saint  Fetersbourg.     Memoires  de  l'Academie  Imperiale  des  Sciences 
de  St.  Petersbourg.     Sixieme  Serie.     Sciences  Math.  Phys.  et 
Nat.  Vol.  viii.  Prem.  Partie,  Sc.  Math,  et  Phys.  Vol.  vi.  1857. 

N.  von  Kokscharoff. — Ueber  die  Russischen  Topase,  357  (10 
plates). 

A.  T.  Kupffer. — Ueber  den  Einfluss  der  Warme  auf  die  elastische 
Kraft  der  festen  Korper  und  insbesondere  der  Metalle,  397. 

Smithsonian  Institution.     Tenth  Annual  Report  of  the    Board  of 

Regents.     For  1856-56.   1856. 

  .     [Eleventh]   .     For  1856-57.   1857. 

J.  G.  Sawkins  and  G.  P.  Wall. — Geological  Survey  of  Trinidad, 
281. 

  .  Smithsonian  Contributions  to  Knowledge.  Vol.  ix.  1857. 

L.  W.  Meech. — On  the  Relative  Intensity  of  the  Heat  and  Light 
of  the  Sun  upon  Different  Latitudes  of  the  Earth. 

E.  Hitchcock. — Illustrations  of  Surface  Geology. 

Society  of  Arts,  Journal.     Nos.  259-268. 
S.  Bleekrode. — Silver  in  Sea- water,  28. 
A.  Pellatt,  H.  W.  Reveley,  J.  Leonard,  &c. — Comparative  heating 

properties  of  Coke  and  Coal,  &c,  39,  7G- 
Copper  and  Silver  in  Sea- water,  87. 

Statistical  Society,  Journal.     Vol.  xx.  Part  4.     December  1857. 

J.  Strang. — Improvement  of  Tidal  Rivers,  as  exemplified  by  the 
former  and  present  condition  of  the  River  and  Harbour  of 
Glasgow,  389. 

Vienna.     Denkschriften   der    Kaiserlichen   Akademie   der  Wissen- 
schaften.     Math.-nat.  Classe.     Dreizehnter  Band. 

Partsch,  P. — Uber  den  schwarzen  Stein  in  der  Kaabazu  Mekka,  1. 
Reuss,  A.  E. — Neue   Fischreste   aus   dem   bohmischen    Planer 

(mit  3  Tafeln),  33. 
Ettingshausen,  C. — Uber  die  Nervation  der  Blatter  bei  den  Celas- 

trineen  (mit  10  Tafeln),  43. 

  .    Sitzungsberichte  der  Kais.  Akad.  Wissenschaften  Math.- 
Nat.  CI.     Vol.  xxiii.  Part  2.  February  1857. 

K.  von  Sonklar. — Der  neuerliche  Ausbruch  des  Sudnergletschers 
in  Tirol,  370  (map). 

P.  Weselsky  und  A.  Bauer. — Analyse  einer  kiirzlich  aufgefun- 
dener  Mineralquelle  bei  Gumpoldskirchen,  424  ? 

A.  Schrotter. — Die  krystallinische  Textur  des  Eisens,  4/2. 

  — .   .     Vol.  xxiv.  Part  1.  March  1857. 

W.  Haidinger. — Ueber  die  Krystallographisch-optischen  Verh'alt- nisse  des  Phenakits,  29. 

— .   .     Vol.  xxiv.  Part  2.  April  1857. 

F.  R.  v.  Hauer. — Palaontologische  Notizen,  145  (2  plates). 
A.  Schraidl. — Die  Hohlen  des  Oetscher,  180  (2  plates). 

VOL.  XIV. — PART  I.  O 
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Vienna.    Sitzungsberichte"  der  Kais.  Akad.  derWissenschaften  Math.- 
Nat.  CI.  Vol.  xxiv.  Part  2.  April  1857  (continued). 

H.  v.  Gilm. — Ueber  Kohlensaure-Bestimmung  der  Atmospha- 
rischen  Luft,  2/9  (plate). 

F.  Bukeisen. — Mineral-Analysen,  285. 
G.  Jager. — Ueber  Symmetric  und  Regularitat  als  Eintheilungs- 

principien  des  Thierreichs,  338. 

  .     Jahrbuch  der  K.  K.  geologischen  Reichsanstalt.  1856. 

VII.  Jahrgang.  No.  4.  October-December. 

Karl  Peters. — Bericht  iiber  die  geologische  Aufnahme  in  Karnten, 
Krain  und  dem  Gorzer  Gebiete  im  Jabre  1855,  629  (plate). 

Ferdinand  Hochstetter. — Ueber  die  geologische  Beschaffenheit 
der  Umgegend  von  Edeleny  bei  Miskolcz  in  Ungarn,  am 
Siidrande  der  Karpathen,  692. 

Friedr.  Rolle. —  Hohenmessungen  in  der  Gegend  von  Murau, 
Oberwolz  und  Neurnarkt  in  Ober-Steiermark,  706  (plate). 

Ad.  Pichler. — Zur  Geognosie  der  nordostlichen  Kalkalpen  Tirols, 
717  (map  and  sections). 

V.  von  Zepharovich. — Bericht  iiber  die  Schiirfungen  auf  Braun- 
kohle  zwischen  Priszlin  und  Krapina  und  ein  Vorkommen 
von  Bergtheer  zu  Peklenicza  an  der  Mur  in  Croatien,  738. 

A.  Delesse. — Die  Bau-Materialien  des  bsterreichischen  Kaiser- 

staates  auf  der  Pariser  Ausstellung :  nach  Delesse's  "  Mate- 
riaux  de  construction  a  l'Exposition  universelle  de  1855. 
Paris  1856  "  im  Auszuge  von  August  Fr.  Marschall,  747- 

Adolph  Senoner. — Das  naturhistorische  Museum  der  Herren 
Anton  und  Johann  Baptist  Villa  in  Mailand,  763. 

C.  F.  Naumann. — Ueber  die  Bildung  der  sachsischen  Granulit- 
Formation,  766. 

Charles  Alex.  Wetherill.  — Wahrnehmungen  bei  einer  Bereisung 
des  Kupfer-  und  Blei-Gebietes  im  nordwestlichen  Theile  der 

Vereinigten  Staaten  Amerika's  :  aus  dem  englischen  Manu- 
script iibersetzt  von  A.  Fr.  Marschall,  771- 

Karl  v.  Hauer. — Arbeiten  in  dem  chemischen  Laboratorium  der 
k.  k.  geologischen  Reichsanstalt,  805. 

Sitzungen  der  k.  k.  geologischen  Reichsanstalt,  814. 
Verzeichniss  der  mit  Ende  September  d.  J.  loco  Wien,  Prag, 

Triest  und  Pesth  bestandenen  Bergwerks-Producten-Ver- 
schleisspreise,  864. 

  .   .     1857.   VIII.    Jahrgang.    No.  1.  Januar- 
Marz. 

Johann  Jokely. — Zur  Kenntniss  der  geologischen  Beschaffenheit 
des  Egerer  Kreises  in  Bohmen,  1 . 

Otto   von  Hingenau.  —  Geologisch-bergmannische    Skizze    des 
Bergamtes  Nagyag  und  seiner  nachsten  Umgegend,  82. 

L.  Hohenegger. — Ueber  dieAdnetherSchichten  in  den  Karpathen, 
143. 

C.  W.  Gumbel.  —  Untersuchungen  in   den  bayerischen  Alpen 
zwischen  der  Isar  und  Salzach,  146. 

Karl  v.  Hauer. — Arbeiten  in  dem  chemischen  Laboratorium  der 
k.  k.  geologischen  Reichsanstalt,  151. 

Sitzungen  der  k.  k.  geologischen  Reichsanstalt,  158. 
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Vienna.     Jahrbuch    der  K.  K.  geologisch'en   Reichsanstalt.    1857. 
VIII.  Jahrgang.  No.  1  {continued). 

Verzeiclmiss  der  rait  Ende  April  1857  loco  Wien,  Prag,  Triest  und 
Pesth  bestandenen  Bergwerks-Producten-Verschleisspreise, 
200. 

Wisconsin,  First  Annual  Report  of  the  Executive  Committee  of  the 
State  Historical  Society  of.     1855. 

Second  Annual    Report   and  Collections  of  the   State 
Historical  Society  of,  for  the  year  1855.  Vol.  ii.  1856. 

-,  Ninth  Annual  Report  of  the  Board  of  Regents  of  the 
University  of,  for  the  year  1856.   1857. 

Address  delivered  before  the  Regents  &c.  of  the  Uni- 
versity of,  by  D.  Read,  LL.D.   1856. 

An  Inaugural  Address  delivered  in  the  Senate  Chamber 
of  the  Capitol  &c.  by  Prof.  E.  S.  Carr.   1856. 

Second  Annual  Report  of  the  Board  of  Education,  and 
the  Superintendent  of  the  Public  Schools  of  Madison,  for  the 

year  1856.   1857. 

Teachers'  Association,  First  Annual  Report,  with  the 
Constitution  and  Proceedings,  &c.  1854. 

Yorkshire  (West  Riding)  Geological  and  Polytechnic  Society,  Report 

of  the  Proceedings,  1856-57. 
H.  C.  Sorby. — Origin  of  the  Cleveland  Hill  Ironstone,  457. 
W.  Baker. — Purification  of  lead  by  crystallization,  461. 
T.  P.  Teale. — Works  of  man  associated  with  extinct  mammals  in 

the  Aire  Valley  deposit,  482. 

H.  Denny. — Skull  of  a  dog  from  the  Norwich  gravel,  538. 

Zoological  Society,  Proceedings.    Nos.  334-338,  pp.  113-192. 

II.    GEOLOGICAL  CONTENTS  OF  PERIODICALS 

PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.     2nd  Series.     Vol.  xx. 
No.  119.     Nov.  1857. 

J.  W.  Salter. — On  some  new  Palaeozoic  Star-fishes,  321  (plate). 
J.  Lycett. — On  the  presence  of  the  Fossil  genus  Isodonta,  Buv., 

in  the  English  Jurassic  Rocks,  367. 
J.Brown. — On  Elephant  Remains  from  the  Gravel  near  Ballingdon 

Hill,  Essex,  396. 
        On  Bovine  Remains  lately  found  at  Clacton,  Essex,  397. 

Prof.  Owen. — On  the  Reptilian  nature  of  Placodus  Andriani,  399. 
o  2 
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Annals  and  Magazine  of  Natural  History.  2nd  Series.  Vol.  xx. 
No.  120.     December  1857. 

P.  de  M.  G.  Egerton. — On  the  unity  of  the  genera  Pleur acanthus, 
Diplodus,  and  Xenacanthus,  and  on  the  specific  distinction 
of  the  Permian  Fossil  Xenacanthus  Decheni  (Beyrich),  423. 

Daubree. — Discovery  of  Footsteps  of  quadrupeds  in  the  New 
Red  Sandstone  of  Saint- Valbert  near  Luxeuil  (Haute-Saone), 
471. 

Dunker  und  von  Meyer's  Paleeontographica.  Vol.  vi.  Part  iv.  1857. 
H.  von  Meyer. — Reptilien  aus  der  Steinkohien-Formation  in 

Deutschland  (continued),  4  plates. 

Leonhard  und  Bronn's  Neues  Jahrbuch  fur  Mineralogie,  Geognosie, 
Geologie  und  Petrefakten-Kunde,  Jahrgang  1857.  Fimftes 
Heft. 

W.  K.  J.  Gutberlet.— Ueber  die  Abkunft  des  Goldes,  513. 
H.  v.  Meyer. — Beitrage  zur  naheren  Kenntniss  fossiler  Reptilien, 

532. 

Quenstedt. — Die  Riicken-Hohle  in  der  Schaale-gewisser  Ammo- 
niten  (der  Dorso  cavati),  544. 

G.  Leonhard. — Realgar   und  Auripigment  in  Muschelkalk   bei 
Wiesloch  unfern  Heidelberg,  549. 

Letters  ;  Notices  of  Mineralogy,  Geology,  and  Fossils. 

III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Annales  Hydrographique.     2e  Semestre,  1854-55.   (Vol.  x.  part  of.) 
  .     Vol.  xi.     1856. 

  .     Vol.  xii.      1857.      From  the  Ddpot  de  la  Marine. 

Annuaire  des  Marees  des  Cotes  de  France  pour  Fan  1857,  par  A. 
M.  R.  Chazallon.     From  the  Depot  de  la  Marine. 

Astronomical  Observations  made  at  the  Royal  Observatory,  Edin- 

burgh, by  C.  P.  Smyth.  Vol.  xi.  for  1849-54.  1857.  From 
the  Edinburgh  Observatory. 

Boue,  A.  Ueber  eine  Detail-Karte  des  Kraina-Knejina  (oder  Kraina- 
Kreises)  Serbiens.     1857. 

Brunson,  A.  Prairie  du  Chien  :  its  present  position  and  future 

prospects.     From  the  State  Historical  Society  of  Wisconsin. 

Carr,  E.  S.  An  Inaugural  Address  delivered  before  the  Board  of 
Regents  of  the  State  University  (Wisconsin),  January  16, 
1856.     From  the  State  Historical  Society  of  Wisconsin. 
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Catalogue  des  Livres  d'Histoire  Naturelle,  Ouvrages  et  Manuscrits 
relatifs  a  l'Amerique  composant  la  Bibliotheque  de  feu  M.  A. 
d'Orbigny.     From  the  Publishers. 

City  of  Watertown,  Wisconsin.  From  the  State  Historical  Society 
of  Wisconsin. 

Compagne  de  la  Constantine.  Instructions  sur  la  Nouvelle-Caledo- 
nie,  suivies  de  renseignements  hydrographiques  et  autres  sur  la 

mer  du  Japon  et  la  mer  d'Okotsk,  par  Tardy  de  Montravel. 
F?'om  the  Dipot  de  la  Marine. 

Conrad,  Gould,  Bailey,  and  Agassiz.  Description  of  the  Fossils  and 
Shells  collected  in  California  by  W.  P.  Blake.  Appendix  to 
the  Preliminary  Geological  Report  (of  California),  by  W.  P. 
Blake.     From  W.  P.  Blake,  Esq. 

Considerations  generales  sur  l'Ocean  Pacifique,  par  M.  Ch.  P.  de 
Kerhallet.     Deuxieme  edition.     From  the  Depot  de  la  Marine, 

Dalton,  J.  A  New  System  of  Chemical  Philosophy.  Part  1,  2nd 
edit.  1842  ;  Part  2,  1810;  Part  1  of  Vol.  ii.  1827.  From  the 
Philosophical  Society  of  Manchester. 

Meteorological  Observations  and  Essays.     2nd  edition. 
From  the  Phil.  Soc.  Manchester. 

  .     On  the  Microcosmic  Salt,   Acids,  Bases,  and  Water ; 
and  a  New  and  Easy  Method  of  Analysing  Sugar.     From  the 
Phil.  Soc.  Manchester. 

Dana,  J.  D.     On  American  Geological  History.     1856. 

Daubeny,  C.     Lectures  on  Roman  Husbandry. 

Daubre'e.  Decouverte  de  traces  de  pattes  de  Quadrupedes  dans  le 
Gres  Bigarre  de  Saint- Valbert,  pres  Quxeuil  (Haute-Saone). 
1854. 

Dawson,  J.  W.  On  the  Varieties  and  Mode  of  Preservation  of  the 
Fossils  known  as  Sternbergise.     1857. 

Description  des  lies  et  de  Passages  compris  entre  la  parte  Nord  de 

l'lle  Lucon  et  les  lies  du  Japon,  par  M.  A.  Le  Gras.  From 
the  Depot  de  la  Marine. 

Description  nautique  de  la  Cote  N.  du  Maroc,  par  C.  A.  Vincendon- 
Doumoulin  et  C.  P.  de  Kerhallet.  From  the  Depot  de  la 
Marine. 

Draper,  L.  C.  Madison,  the  Capital  of  Wisconsin  :  its  growth, 
progress,  condition,  wants,  and  capabilities.  From  the  State 
Historical  Society  of  Wisconsin. 

Explication  et  usage  des  Wind  et  Current  Charts,  par  M.  E.  Tri- 
cault.      From  the  Depot  de  la  Marine. 
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Fitton,  W.  H.  Articles  published  in  the  Edinburgh  Review,  1 8 1 7-49. 

Report  on  Lunatic  Asylums. 
Transactions  of  the  Geological  Society. 

Smith's  Geological  Map  of  England. 
Larrey's  Surgical  Campaigns. 
Buckland's  Reliquiae  Diluvianse. 
LyelPs  Elements  of  Geology. 
The  Silurian  System,  by  Sir  R.  I.  Murchison. 
Statistics  of  Coal,  by  R.  C.  Taylor. 

Gibbs,  — ,  and  F.  A.  Genth.  Researches  on  the  Ammonia-cobalt- 
bases.     1856. 

Gilliss,  J.  M.  The  U.S.  Astronomical  Expedition  to  the  Southern 
Hemisphere  during  the  years  1849-52.  Vol.  vi.  Magnetical 
and  Meteorological  Observations  under  the  direction  of  Lieut. 
J.  M.  Gilliss.     1856. 

Girard,  C.  Researches  upon  the  Cyprinoid  Fishes  inhabiting  the 
Fresh  Waters  of  the  United  States  west  of  the  Mississippi 

Valley,  from  specimens  in  the  Museum  of  the  Smithsonian  In- 
stitution. 

Gunther,  W.,  R.  Biittner,  H.  von  Rothkirch,  und  J.  G.  Galle. 
Grundzuge  der  Schlesischen  Klimatologie.  1857.  From  the 
SUesian  Society. 

Helmersen,  G.  von.  Ueber  die  Bohrarbeiten  auf  Steinkohle  bei 
Moskau  und  Sterpuchon.     1856. 

Henry,  J.  Thoughts  on  Education.  The  Introductory  Discourse 
delivered  before  the  American  Association  for  the  Advancement 
of  Education  in  1854.     1855. 

Hogg,  J.  Address  to  the  Members  of  the  Tyneside  Naturalists' 
Field-club.     1857. 

Instructions  nautiques  sur  les  Mers  de  l'lnde,  par  James  Horsburgh. 
Traduites  de  F  Anglais,  en  1837,  par  M.  le  Predour.  2e  Edi- 

tion, revue  sur  la  Sixieme  edition  Anglaise  de  1852  et  augmentee 
par  B.  Darondeau  et  G.  Reille.  Vol.  ii.  From  the  Depot  de  la 
Marine. 

Instructions  pour  entrer  dans  le  Port  d'Alexandrie  (Mediterranee) . 
From  the  Dtpot  de  la  Marine. 

Ives,  J.  C.  Memoir  to  accompany  a  Military  Map  of  the  Peninsula 
of  Florida  south  of  Tampa  Bay.     1856. 

Lea,  I.     Description  of  a  New  Species  of  Triquetral    1856. 

  «■.     Description  of  a  New  Subgenus  Naiades.     1856. 

—   .     Description  of  New  Freshwater  Shells  from  California. 
1856. 
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Lea,  I.  Description  of  Six  New  Species  of  Fresh-water  and  Land 
Shells  of  Texas  and  Tamanlipas,  from  the  Collection  of  the 
Smithsonian  Institution.     1857. 

  .     Description  of  the  byssus  of  the  genus  Vnio.     1857. 

Description   of    twenty  -  five    new    species    of   exotic 
Uniones.     1856. 

  .     Descriptions  of   eight  new  species  of  Naiades  from 
various  parts  of  the  United  States.     1857. 

Descriptions  of  eleven  new  species  of  exotic  Uniones 
from  Georgia.     1857. 

Descriptions  of  fifteen  new  species  of  exotic  Melaniana. 
1857. 

  .  Descriptions  of  four  new  species  of  Exotic  Uniones.  1857. 

Descriptions  of  six  new  species  of  Uniones  from  Alabama. 
1857. 

  .     Descriptions  of  thirteen  new  species  of  Exotic  Periosto- 
mata.  1857. 

  .     Descriptions  of  thirteen  new  species  of  Uniones  from 
Georgia.     1857. 

  .     Descriptions  of  three  new  species  of  Naiades.     1857. 

  .     Descriptions   of  twelve   new  species  of  Uniones  from 
North  Carolina.     1857. 

On  the  New  Red  Sandstone  Formation  of  Pennsylvania. 
1856. 

  .     Remarks  on  Triquetra  contorta.     1857. 

  .     Remarks  on  the  visual  organs  of  the  Naiades.     1857. 

Leidy,  J.     A  memoir  on  the  extinct  Sloth-tribe  of  North  America. 
1847. 

Description  of  Remains  of  Fishes  from  the  Carboniferous 
Limestone  of  Illinois  and  Missouri.     1857. 

Descriptions  of  some  Remains  of  extinct  Mammalia. 
1856. 

  .     Descriptions  of  some  Remains  of  Fishes  from  the  Car- 
boniferous and  Devonian  Formations  of  the  United  States.   1 856. 

  .  *  Notice  of  Remains  of  the  Walrus  discovered  on  the 
Coast  of  the  United  States.     1857. 

Observations  on  the  extinct  Peccary  of  North  America. 
1857. 
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Leidy,  J.     Remarks  on  Saurocephalus  and  its  allies.     1857. 

  .     Remarks  on  the  Structure  of  the  Feet  of  Megalonyx. 
1857. 

  .     The  ancient  Fauna  of  Nebraska,  or  a  description   of 
Remains  of  extinct  Mammalia  and  Chelonia  from  the  Mauvaises 
Terres  of  Nebraska.     1853. 

Madison,  the  Charter  of  the  City  of.  From  the  State  Historical 
Society  of  Wisconsin. 

Magnetical  and  Meteorological  Observations  made  at  the  Hon. 

East  India  Company's  Observatory,  Bombay,  in  the  year  1854, 
under  the  superintendence  of  Lieut.  E.  F.  F.  Fergusson.  1855. 
From  the  H.E.I.  Company. 

Manuel  de  la  Navigation  dans  le  Rio  de  la  Plata,  par  A.  Boucarut. 
From  the  Dep6t  de  la  Marine. 

Marmora,  A.  de  la.  Voyage  en  Sardaigne.  Troisieme  partie :  Descrip- 
tion geologique.     2  vols,  and  Atlas. 

Meigs,  J.  A.  Catalogue  of  Human  Crania  in  the  Collection  of  the 
Academy  of  Natural  Sciences  of  Philadelphia.  1857.  From  the 
Acad.  Nat.  Sc.  Philadelphia. 

Naumann,  C.  F.  Lehrbuch  der  Geognosie.  Zweite  Auflage.  Erster 
Band.   1.  Abtheil.     1857. 

Observations  chronometriques  et  autres  faites  en  1853,  dans  1'  Archipel 
des  Ponotous  par  M.  Parchappe  et  M.  de  la  Marck.  From  the 
Depot  de  la  Marine. 

Observations  sur  la  Navigation  des  Paquetbots  qui  traversent  l'At- 
lantique.     From  the  Depot  de  la  Marine. 

Olmsted,  D.  Address  on  the  Scientific  Life  and  Labours  of  W.  C. 
Redfield,  A.M.  &c.  1857.  From  the  American  Association  for 
the  Advancement  of  Science. 

Oiven,  D.  D.  Report  of  the  Geological  Survey  in  Kentucky,  made 
during  the  years  1854  and  1855. 

Patten,  R.  Report  of  the  Locating  Survey  of  the  St.  Croix  and 
Lake  Superior  Railroad.  1856.  From  the  State  Historical 
Society  of  Wisconsin. 

Percival,  J.  G.  Annual  Report  of  the  Geological  Survey  of  the 
State  of  Wisconsin.  From  the  Stale  Historical  Society  of 
Wisconsin. 

Phares  des  Mers  du  Globe,  par  M.  Alexandre  le  Gras.  From  the 
Depot  de  la  Marine, 
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Phillips,  J.  Report  on  Cleavage  and  Foliation  in  llocks,  and  on 
Theoretical  Explanations  of  these  phsenomena.     Parti.  1857. 

Pictet,  F.  J.  Materiaux  pour  la  Pale'ontologie  Suisse.  Livr.  6,  7, and  8.   1857. 

Read,  D.  An  Address  delivered  before  the  Regents,  Faculty,  and 
Students  of  the  University  of  Wisconsin  &c.  January  16,  1856. 
From  the  State  Hist.  Soc>  Wisconsin. 

Redfield,  W.  C.  Observations  in  relation  to  the  Cyclones  of  the 
Western  Pacific.  From  the  American  Association  for  the  Ad- 

vancement of  Science. 

Report  of  the  Commissioners  of  Patents  for  the  year  1855.  Agri- 
culture. 

Arts  and  Manufactures,  2  vols.    From  the  U.S.  Patent 

Office. 

Report  of  the  Superintendent  of  the  United  States  Coast-Survev, 
for  1853. 

  for  1854. 

  for  1855.     From  the  U.S.  Coast- Survey. 

Say,  T.  Descriptions  of  Terrestrial  Shells  of  North  America.  1856. 
From  T.  Bland,  Esq.  F.G.S. 

Seguin.     Mecanique  Industrielle.   1857. 

Seymour,  W.  N.  Madison  Directory.  1855.  From  the  State 
Historical  Society  of  Wisconsin. 

Smith,  W.  R.  The  History  of  Wisconsin.  Part  1,  Historical, 
vol.  i.  1854.  Part  2,  Documentary,  vol.  hi.  1854.  From  the 
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11.  On  the  Geology  of  the  North-east  part  0/ Me  Dobrutcha. 
By  T.  Spratt,  Captain  R.N.,  F.R.S.,  F.G.S. 

Having  had  an  opportunity,  during  the  latter  part  of  last  year,  of 
extending  my  geological  inquiries  in  the  eastern  part  of  the  Dobrutcha, 
and  of  obtaining  a  better  idea  of  some  parts  of  its  character,  I  am 
induced  to  offer  a  few  remarks  as  a  continuation  of  my  former  paper 

on  this  locality*. 
It  is  known  that  the  northern  extremity  of  the  Dobrutcha  is  ter- 

minated by  a  chain  of  mountains  that  obtain  an  elevation  of  between 
1000  and  2000  feet.  They  consist  of  highly-inclined  limestones, 
shales,  and  schistose  rocks.  But  the  bold  features  usually  assumed 
by  the  description  and  elevation  of  rocks  of  this  nature  are  generally 
subdued  here  by  their  flanks  and  shoulders  being  covered  by  a 
considerable  deposit  of  arenaceous  marls,  of  reddish,  grey,  and 
brown  colours.  The  marls  are  undoubtedly  of  a  late  date ;  but  their 
origin  I  am  not  able  to  determine,  from  the  total  absence  of  fossils 
wherever  examined  by  me. 

In  this  remark  I  allude  especially  to  the  group  of  superficial.^ 
earthy  or  arenaceous,  red  and  brownish  marls  of  the  Steppe,  „ 
separable  from  the  known  freshwater  marls  j  for  I  have  recently 

*  See  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  77. 
VOL.  XIV.   PART  I.  P 
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ascertained  that  the  former  are  not  a  continuation  of  the  lower  fresh- 

water deposits  which  I  have  already  noticed  at  Kustenjeh,  and  as  I 
once  supposed. 

I  shall  commence  my  remarks  at  the  north  end  of  the  Dobrutcha 
by  simply  referring  to  the  existence  of  these  older  rocks  at  Isatchka, 
Tultcha,  and  Besh  Tepeh  on  the  Danube ;  and,  although  some  ap- 

pear to  be  metamorphic  from  volcanic  agency,  they  are  no  doubt  of 
an  early  age  ;  perhaps  either  Devonian  or  Carboniferous. 

The  only  place  where  rocks  of  a  similar  age  appear  on  the  shores 
of  the  Black  Sea,  in  the  Dobrutcha,  is  at  Kara  Irman,  near  Cape 
Media.  At  this  spot,  which  is  near  the  south-west  corner  of  the 
Raselm  Lagoon,  and  where  the  delta  of  the  Danube  commences, 
there  are  dark  shales  of  considerable  thickness,  and  much  resembling 
the  shales  and  schistose  strata  occurring  on  the  flanks  and  base  of 
the  Balkan,  near  Cape  Emeneh. 

The  section  (fig.  1,  p.  206)  of  the  coast-cliff,  from  Kara  Irman 
towards  Cape  Media,  is  of  much  interest,  from  the  contact  of  a  lime- 

stone of  Secondary  age  with  these  older  shales ;  both  being  overlaid 
by  the  superficial,  reddish-brown,  earthy  marls  of  the  Steppe,  without 
any  intermediate  group. 

The  dark  shales  and  schists,  a,  of  fully  500  or  600  feet  in  thick- 
ness, form  a  portion  of  the  rocky  shore  at  Kara  Irman,  at  the  angle 

of  the  coast,  where  a  ridge  of  the  Steppe  projects  into  the  Black 
Sea  as  a  small  promontory,  and  acts  as  a  natural  groyne  to  hold  in 
check  the  alluvial  deposits  of  the  Danube.  At  this  point  there  was 

formerly  a  scala,  or  landing-place,  for  communication  with  the  vil- 
lages of  the  neighbourhood,  and  the  ancient  town  of  Istia  seems  also 

to  have  been  near  here. 

These  dark  shales  dip  to  the  northward,  at  an  angle  of  40°,  the 
strike  being  S.  83°  W. ;  and,  although  appearing  along  the  coast  for 
about  a  quarter  of  a  mile,  they  are  nowhere  more  than  3  or  4  feet 
above  the  sea,  and  are  immediately  overlaid  by  about  40  feet  of  the 
soft,  reddish-brown,  earthy  marls  of  the  superficial  series  of  de- 

posits, e.  I  had  no  opportunity  of  examining  them  minutely  in 
search  of  fossils. 

The  cliffs  of  white  compact  limestone,  bv  contain  corals  and 
marine  shells  ;  they  are  only  from  16  to  20  feet  high.  The  beds  lie 
nearly  horizontally,  and  seem  to  have  been  originally  deposited 
against  the  older  shales ;  but  they  may  have  been  thus  brought  in 
contact  by  a  fault. 

These  limestones  are  shattered,  and  filled  with  small  cavities, 
especially  where  the  fossils  are  most  abundant.  A  Rhynchonella 
seems  to  be  the  characteristic  fossil. 

The  second  mass  of  limestone,  62,  is  a  coast-cliff  about  one  mile 
nearer  Cape  Media  *;  and  the  compact  white  limestone  of  which  it  is 

*  The  specimens  from  Cape  Media,  forwarded  to  the  Society  by  the  author, 
consist  of  yellowish,  cream-coloured,  and  grey  limestones  (hard  and  crystalline) 
with  Pectines,  Terebr  alulae,  Rhynchonella,  a  univalve,  and  Corals. 

Some  hard,  yellowish,  and  grey  limestones,  sent  by  Capt.  Spratt  from  Lake 
Raselm,  much  resemble  those  of  Cape  Media,  and  contain  remains  of  Ammonites 

\. 
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composed,  although  identical  in  mineral  character  with  the  first  mass, 

in  contact  with  the  shales,  is  less  fossiliferous  and  more  distinctly- stratified. 

Both  these  masses  are  overlaid  by  about  2  feet  of  rubbly  white 
marl  (omitted  in  the  Section),  succeeded  by  the  reddish-brown 
marls  e,  e,  which  are  not  more  than  20  feet  thick  over  the  lime- 

stones ;  but  are  fully  40  and  50  feet  thick  in  the  intermediate  spaces. 
As  none  of  the  identified  freshwater  marls  cap  these  limestones,  but 
only  such  as  are  of  a  doubtful  age  and  origin,  possibly  connected 
with  a  disturbed  or  changing  condition  in  the  later  period  of  the 
freshwater  series,  these  limestones  must  have  stood  as  ridges,  rocks, 
or  islets,  when  the  freshwater  lake,  which  1  believe  once  covered  the 
area  of  the  Black  Sea  and  Archipelago  together,  existed,  and  of 
which  the  lower  deposits  south  of  Kustenjeh,  and  the  upper  at 
Baljik,  400  feet  above  it,  give  some  positive  indications,  as  also, 
I  think,  the  freshwater  limestones  or  marls  of  Odessa  and  Kertch. 

Between  Cape  Media  and  Kustenjeh  is  a  freshwater  lake,  about 
4  miles  long  and  2  broad.  It  is  separated  from  the  sea  by  a  strip  of 
sandhills,  which  extend  between  the  extremities  of  two  ridges  of  the 
Steppe,  and  terminate  in  a  cliff  at  the  south,  towards  Kustenjeh. 

The  inner  shores  of  the  lake  are  for  the  most  part  chalky  cliffs,  or 

marly  banks,  that  were,  without  doubt,  the  sea-margin  at  some  early 
period ;  so  that  this  freshwater  lake  has  been  formed  out  of  a  small 
arm  of  the  sea,  by  means  of  the  alluvial  sand  having  been  moved 
along  the  coast  from  the  Danube  (by  the  prevailing  winds  and  cur- 

rents), and  thus  accumulated  in  nearly  a  direct  line  across  the 
mouth  of  the  bay.  From  the  existing  copious  springs  of  fresh  water 
on  the  shore  of  the  bay,  the  enclosed  arm  of  the  sea,  or  salt  lagoon, 

has  become  a  freshwater  lake.  The  bay  was  also  originally  a  deep- 
water  inlet  of  the  Black  Sea,  since  it  has  now  a  depth  of  18  or  20 
feet  nearly  all  over  the  lake. 

The  north-west  shore  of  the  lake  is  chiefly  low  banks  of  brown 
marl,  belonging  to  the  superficial  series.  But  the  south-west  shore 
presents  geological  features  of  considerable  interest,  more  particularly 

between  the  villages  of  Kanara  and  Pallas  *. 
At  about  half  a  mile  from  the  former  village  is  a  small  islet  covered 

by  a  grove  of  trees ;  but  the  islet  is  not  more  than  4  or  5  feet  above 
the  sea.  Of  this  islet  2  or  3  feet  is  a  rich  soil,  and  the  base  a  mass 

of  inclined  strata  of  compact  cream-coloured  limestone,  much  re- 
sembling that  which  I  have  noticed  at  Cape  Media. 

(Ceratites  ?),  Pectines,  Terebratula,  Rliynchonellce,  Modiola,  a  small  Echinoderm, 
fragments  of  Crinoidal  stems,  and  Corals.  A  somewhat  similar  cream-coloured 
compact  limestone,  sent  by  Capt.  Spratt  from  Cape  Karabournou,  Roumelia,  con- 

tains fragments  of  Ostrcea,  Lima,  Terebratula,  Corals,  a  fragment  of  a  Crustacean, 
and  casts  of  univalves  and  bivalves.  A  softisb  buff-coloured  laminated  limestone 
from  Cape  Dolashma,  Lake  Raselm,  contains  numerous  small  Inocerami  in  layers, 
and  branching  fucoidal  bodies. — Edit. 

*  These  localities  are  shown  on  the  map  illustrating  Capt.  Spratt's  "  Route 
between  Kustenje  and  the  Danube,"  published  in  the  '  Journal  of  the  Royal  Geo- 

graphical Society,'  vol.  xxvi. — Edit. p2 
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A  rocky  point,  which  juts  into  the  lake  to  the  east  of  Kanara, 
seems  also  to  be  a  part  of  the  same  limestone. 

The  opposite  section,  fig.  2,  will  explain  the  disposition  of  the 
formations  : — 

A  cream-coloured  compact  limestone,  blt  interstratified  with 
light-grey  shales,  in  layers  from  1  to  3  feet  thick,  together  attaining 
a  thickness  of  500  or  600  feet,  occupies  the  point ;  and  at  the  ex- 

tremity the  strata  dip  to  the  S.W.  by  S.,  or  S.W.,  at  an  angle  of 

35°.  Here  they  are  more  crystalline  than  at  200  or  300  yards 
within  the  point ;  this  indicates,  perhaps,  a  proximate  igneous  rock 
not  visible. 

The  dip  of  the  strata  diminishes  as  they  recede  from  the  point 
towards  the  village  of  Kanara,  where  they  seem  to  be  in  contact 
with,  and  overlaid  by,  white  chalky  marl,  b2 ;  but  whether  passing 
into  and  conformable  with  it,  I  could  not  ascertain,  on  account  of 
the  superficial  marls  of  the  Steppe,  e,  covering  the  whole. 

Although  I  procured  no  fossils  from  the  limestones,  bx,  at 
Kanara  Point  or  at  the  island,  the  beds  seemed  to  be  identical  in 

mineral ogical  character  with  those  at  Cape  Media,  fig.  1  ;  more  par- 
ticularly as  the  chalk-marls  overlie  them  in  apparent  continuity  of 

succession.  The  chalk-marls*  appear,  by  the  fossils  that  I  procured 
from  them,  to  be  either  of  the  Cretaceous  or  Upper  Jurassic  age. 

About  half  a  mile  to  the  south-east  of  the  village  of  Kanara  rises 
a  semicircular  cliff  of  the  chalk-marl,  nearly  30  feet  high  (63,  in 
the  section,  fig.  2).  The  chalk-marl  dips  to  the  south-east  or  south- 

ward, at  from  5°  to  8°,  and  is  capped  by  about  15  feet  of  yellowish- 
brown  sandstone,  c,  with  oolitic  rock.  This  appears  to  be  an  early 
tertiary  deposit,  and  corresponds  with  some  oolitic  strata  that  occur 
at  the  base  of  Kustenjeh  Point  (see  c,  fig.  3),  as  also  with  the  oolitic 
strata  of  the  Malakoff  ridge  at  Sevastopol. 

The  deposit,  c,  capping  the  chalk,  is  unconformable,  and  is  evi- 
dently of  an  early  Tertiary  age  f. 

This  chalk-cliff  must  have  been  an  elevated  point  in  the  fresh- 
water lake  of  the  Tertiary  period,  since  it  is  covered  and  flanked  only 

by  the  superficial  marls  of  the  Steppe  series  (e  in  both  the  sec- 
tions).    These  also  fill  the  valleys  on  either  side*of  the  ridge. 

At  about  half  a  mile  more  to  the  south-east  is  another  chalk-cliff, 
b4i  which  extends  along  the  coast  for  more  than  a  mile,  and  beyond 
the  village  of  Pallas.  This  cliff  seems  to  be  composed  of  an  upper 
series  of  the  Chalk,  since  the  strata  have  the  same  dip  as  in  the 
former  section,  and  contain  a  large  quantity  of  siliceous  bands  and 

nodules,  though  very  few  fossils.  I  could  procure  only  a  few  frag- 
ments, as  the  whole  series  of  strata  composing  this  cliff  are  more 

indurated  than  in  the  chalk  at  Kanara. 

*  Portions  of  a  Ventriculite,  together  with  ferruginous  ramose  concretions  and 
pyritous  balls,  are  in  the  specimens  of  this  soft  white  calcareous  rock,  sent  by 
the  author.     It  contains  also  cretaceous  Foraminifera. — Edit. 

t  Specimens  sent  to  the  Society  are — a  hard  oolitic  white  limestone  with 
bivalves  (Lucina  ?) ;  a  cream-coloured  compact  crystalline  limestone ;  and  a  hard 
yellowish  limestone,  full  of  casts  of  univalves  and  bivalves,  chiefly  two  forms  of 
fluted  Cardium  or  Adacna. — Edit. 
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This  cliff  is  also  capped  by  about  10  feet  of  rubbly  oolitic  sand- 
stone, c,  like  that  at  the  cliff  near  Kanara,  and  containing  similar 

fossils.  If  this,  as  I  conjecture,  be  an  Eocene  bed,  it  is  here  a  mere 
remnant  of  that  group. 

The  chalk-cliffs  gradually  decrease  in  elevation  from  the  village  of 
Kanara,  and  altogether  disappear  a  little  beyond  Pallas,  where  the 
superficial  red  marls  replace  them,  and  form  the  sea-cliffs  to  Kus- 
tenjeh. 

This  group  of  maris,  of  the  superficial  series,  are  well  developed 
in  the  cliffs  both  to  the  north  and  south  of  Kustenjeh.  To  the  north 
of  it,  the  cliffs  are  more  than  100  feet  high,  and  entirely  composed 
of  these  marls.  Some  of  the  strata  are  dark  umber-brown,  and 
contain  nodules  of  soft  chalk,  also  bands  and  crystals  of  gypsum  ; 

but  there  are  no  gravels — no  indication  here  of  their  having  been 
deposited  in  waters  under  any  violent  movement.  To  this  the  soft 
chalk-nodules  are  the  only  exception,  showing  probably  an  agitation 
or  current,  and  appear  to  have  been  derived  from  the  proximate 
chalk-deposits,  before  described.  But  I  saw  no  heavy  nodules  of 
indurated  chalk,  or  of  chalk-flint,  such  as  would  indicate  any  violent 
aqueous  movement.  These  deposits,  filling  up  the  denuded  hol- 

lows and  valleys  which  existed  on  the  surface  of  the  Cretaceous  and 
early  Tertiary  ridges,  are  destitute  of  fossils,  and  seem  to  be  due  to 

a  rapid  deposition  from  highly-charged  waters.  And  this  also  seems 
to  be  indicated  by  the  absence  of  such  a  uniform  and  constant 

series  of  strata  as  may  be  expected  to  occur  in  slowly-formed 
deposits. 

When  I  partially  described  the  Kustenjeh  marls*,  I  was  not  able 
to  separate  them  into  two  distinct  groups.  But  further  researches 
more  to  the  south  have  enabled  me  to  discover  that  the  probably 
freshwater  deposits  of  the  lower  series,  in  which  I  procured  a  frag- 

ment of  an  Elephant's  tusk,  and  some  casts  of  a  Cyclas-like  bivalve, 
do  not  pass  into  the  overlying  series  of  reddish-brown  marls. 

My  conjecture  of  the  freshwater  origin  of  the  lower  portion  of  the 
deposits  to  the  south  of  Kustenjeh  is  confirmed  by  my  discovering 
more  terrestrial  and  probably  freshwater-shells  in  them ;  and  thus 
they  are  identified  with  the  upper  series  of  freshwater  deposits,  which 
I  have  noticed  as  covering  a  fragment  of  the  early  Tertiary  at  Baljikf , 
where  they  are  more  than  100  feet  in  thickness,  and  500  feet  above 

the  sea.  But  at  Kustenjeh  they  are  only  observed  at  the  sea-level, 
and  from  30  to  40  feet  above  it. 

I  therefore  take  this  opportunity  of  correcting  my  former  section  of 
the  Kustenjeh  deposits  by  the  one  given  at  p.  209,  with  fuller  details. 

The  lowest  bed  is  about  5  feet  of  yellowish- white  oolitic  limestone, 
c,  fig.  4,  with  marine  fossils.  This  is  apparently  of  the  Eocene  age,  and 
much  resembles  the  oolitic  rocks  near  Varnaf  and  Sevastopol.     The 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  78. 
f  Loc.  cit.  p.  77. 
X  In  the  opinion  of  M.  Abich,  For.  Mem.  G.  S.,  who  has  carefully  examined 

the  fossils  from  the  neighbourhood  of  Varna,  these  deposits  are  of  Miocene  age. — 
Ed.  Q.  J.  G.  S. 
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dip   of  the   strata  is  apparently  to  the  N.E.,  at   an   angle  of  8° 
or  10°. 

In  examining  minutely  the  deposits  forming  the  Point  of  Kus- 
tenjeh, I  found  that  this  rock  terminates  abruptly  on  the  north  and 

south  sides  of  the  promontory,  as  if  by  a  fault ;  and  it  is  overlaid  by 
deposits  that  seem  to  belong  only  to  the  red  marls  or  superficial 
series,  e,  although  the  lower  bed,  immediately  reposing  on  c,  contains 
casts  of  a  Cyrena  ?  similar  to  what  are  found  in  the  upper  portion  of 
the  group  d,  fig.  3,  where  the  beds  and  fossils  indicate  no  such  evi- 

dence of  having  been  aggregated  by  moving  waters. 

Fig.  4. — Section  of  Kustenjeh  Point. 

e2.  Reddish  marls,    e,.  Shelly  sandstones,  7  feet  thick. 
c.  Older  Tertiary  oolitic  limestone,  marine. 

On  the  older  tertiary  deposit,  c,  is  a  thinly  stratified  yellowish 
sandstone,  e19  7  feet  thick,  and  composed  almost  entirely  of  frag- 

ments of  shells  and  oolitic  particles.  In  it  are  bands  and  masses  of 
casts  of  Cyrencel  like  those  found  in  group  d>  figs.  3  &  5. 

This  deposit,  ev  from  containing  the  oolitic  grains  and  these  bi- 
valves, seems  to  be  composed  of  the  debris  of  groups  c  and  d,  under 

a  sudden  disturbance  of  the  old  lake,  in  which  the  rock  c  formed  per- 
haps an  islet  or  shoal  during  its  previous  tranquil  condition. 

The  next  bed,  e2,  is  about  30  feet  of  red  marl  or  clay,  without  any 
indication  of  fossils  or  foreign  fragments,  and  is  a  small  portion  of  the 
superficial  marls,  e,  of  the  Steppe,  which  I  shall  have  to  refer  to  in 
describing  more  particularly  the  evidence  of  the  separation  between 
the  marls  d  and  e  of  fig.  3. 

This  will  perhaps  be  best  done  by  giving  a  section  (fig.  5)  of  a 
part  of  the  cliff  at  about  half  a  mile  S.W.  of  Kustenjeh,  where  a 
fresh  landslip  or  scaling  showed  me  clearly  the  point  of  separation 
between  the  two  series  of  marls,  marked  by  the  denudation  of  a  por- 

tion of  the  lower  group,  as  seen  at  a,  and  the  subsequent  filling  up 
of  the  irregularities  by  the  upper  red  marl  series.  This  separation  is 
difficult  to  identify  where  the  upper  series  reposes  upon  a  more 
indurated   stratum   of  the   freshwater  series,  as  frequently  occurs. 



210 PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [June   17, 

When  both  lie  nearly  horizontal,  they  appear  to  be  conformable,  as 
in  the  cliff  about  one  mile  south  of  Kustenjeh.  Here  I  saw,  in 
ascending  order,  1st,  10  feet  of  a  greenish-grey  marl,  with  indurated 
nodules  of  marlstone,  and  sometimes  chalky  nodules,  but  not  derived 
apparently  from  any  foreign  locality  ;  also  crystals  of  gypsum,  and 
casts  of  a  Cyclas  or  Cyrena ;  2nd,  an  indurated  band,  from  2  inches 
to  1  foot  thick,  filled  with  casts  of  a  small  Paludina ;  3rd,  5  or  6  feet 

of  grey  marl,  with  bands  of  marlstone ;  4th,  20  feet  of  greenish-grey 
marls,  with  broken  layers  of  marlstone,  forming  slabs  and  nodules, 
in  which  are  found  casts  of  a  bivalve  (CylasV),  also  an  occasional 

Fig.  5. Section  of  part  of  the  Cliff  half  a  mile  South-west  of 
Kustenjeh. 

3.  Brown  and  reddish  marls  (continuing  to  the  height  of 
70  feet  above). 

gr^r^p^—    -^jz^~         2.  Dark-brown  clay  with  chalky  nodules. 

1 .  Reddish- white  light  marl. 

          5.  Greenish-grey  marl  with  Helices. 

4.  Greenish-grey  marls  with  Helix  and  Cyrena? 

3.  Grey  marl  and  marlstone. 

2.  Band  of  small  Paludina. 

1 .  Greenish  marl,  with  nodules ;  Cyrena  ? J 

About 

'  30  feet. 

Helix,  similar  to  the  one  found  in  the  freshwater  deposits  over 

Baljik  *  ;  5th,  a  more  indurated  stratum  of  the  greenish-grey  marls, 
from  2  to  3  feet  thick,  and  replete  with  Helices.  This  is  also  some- 

times pisolitic,  and  its  indurated  character  is  evidently  due  to  the 

aggregation  of  the  fossils.  The  shells,  probably,  were  not  accumu- 
lated by  any  violent  action  of  the  waters  from  currents  or  drift,  but 

lived  at  the  bottom  during  a  late  period  of  the  lake,  when  it  seems 
to  have  been  very  shallow,  and  perhaps,  in  consequence,  subject  to 
stronger  superficial  currents,  from  local  winds  and  local  torrents. 
Hence  the  associated  land- shells  and  lacustrine  shells  were  thus 

mingled  together  in  accidental  groups  ;  as  no  doubt  must  occur  often 
at  the  bottom  of  shallow  tideless  waters  proximate  to  land  prolific  with 

vegetation  and  land-shells.  This  condition  must  have  existed  on  the 
old  chalk-ridges  that  formerly  bordered  the  lake  not  far  from  these 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  77. 
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cliffs,  as  I  have  shown  previously.  Chalky  downs  are  always  highly 
favourable  to  the  prolific  development  of  land-shells,  as  is  well  known 
to  all  naturalists.  And  I  digress  for  a  moment  to  suggest  that,  in  this 
view,  we  have  an  explanation  also  of  the  origin  of  the  white  marly 
character  and  great  thickness  of  the  Baljik  freshwater  deposits,  as 
having  been  derived  from  the  denudation  of  these  great  chalky  ridges 

by  the  torrents  of  every  season's  rain.  Here  also  the  land-shells 
(Helix)  are  as  abundant  in  the  upper  series  of  the  deposits  as  the 
bivalves  and  other  freshwater  shells  that  lived  in  the  lake. 

Referring  to  the  section,  I  have  to  add  that  the  fossiliferous 
bands  of  the  lower  freshwater  series  thin  out  sometimes  to  a  thick- 

ness of  a  few  inches  at  distances  of  a  few  hundred  yards  on  either 
side  :  such  is  the  case  towards  Kustenjeh,  where,  being  less  indurated, 
they  have  been  superficially  denuded,  as  shown  in  fig.  5,  a. 

At  the  locality  where  the  last-described  section  was  taken,  how- 
ever, the  greenish  marls  present  a  flat  surface,  upon  which  imme- 

diately succeed  the  reddish  marls  of  the  upper  series,  which  I  have 

before  described  as  being  stratified  in  thick  beds  of  dark-brown,  grey, 
or  reddish  marls  ;  they  are  nearly  100  feet  thick  in  some  parts.  The 

upper  marls  are  lighter  and  somewhat  porous  *. 
In  closing  my  remarks,  I  shall  merely  state  that  I  have  no  doubt 

but  that  the  continuity  of  the  Kustenjeh  freshwater  deposits  will 
be  traced  hereafter  up  to  the  elevated  deposits  of  Baljik,  as  a  con- 

tinuation of  the  bottom  of  the  same  lake.  And  I  venture  to  suggest 
that  thev  are  also  identical  with  those  of  Odessa  and  Kertch,  neither 
of  which,  however,  I  have  had  an  opportunity  of  examining.  Their 
connexion  is  to  ray  mind  also  certain  with  those  of  the  shores  of  the 
Sea  of  Marmora,  by  the  valley  of  Brujuk  Tchekmijeh,  where  I  some 
time  since  found  freshwater  fossils  in  its  deposits,  together  with  a 

band  of  lignite.  Also  the  lignite  and  gravel-beds  examined  by  Mr. 
H.  Poole  f  on  the  south  side  of  the  Sea  of  Marmora,  near  Brusa  and 
Ismid,  I  believe  to  be  of  freshwater  origin ;  and  I  connect  them  as 
indications  of  one  great  eastern  freshwater  lake  that  existed  perhaps 
from  the  Miocene  to  a  late  Tertiary  period.  The  actual  limits  of 
this  lake  westward  as  well  as  eastward  have  yet  to  be  defined  by 

*  The  specimens  from  the  "  Upper  series  of  the  Steppe  deposits,"  sent  to  the 
Society,  comprise — 1.  red  marl;  2.  soft,  yellow,  laminated,  argillaceous  sand- 

stone; 3.  brownish,  sandy,  micaceous  marl;  4.  a  brownish  marl,  like  No.  3,  but 
altered  by  atmospheric  agency,  perforated  with  minute  irregular  tubules  (as  is 
also  No.  3),  and  containing  small,  soft,  calcareous  concretions ;  5.  like  No.  4,  but 
less  calcareous,  and  redder ;  also  buff-  and  salmon-coloured  calcareous  concre- 

tions, and  soft  white  marl. 

The  specimens  of  the  "Freshwater  series"  comprise — 1.  shelly,  cream-coloured, 
compact  limestone,  full  of  casts  of  Helices  and  a  Bulimus ;  2.  hard,  grey,  shelly 
limestone  (weathered),  concretionary  or  oolitic,  and  crystalline,  full  of  casts  of 
bivalves  (Cyrena  ?),  and  containing  a  few  casts  of  small  univalves ;  3.  marly  lime- 

stone, full  of  casts  of  Cyrena  ?,  passing  into  a  hard,  grey  crystalline  limestone, 
with  similar  casts,  and  resembling  No.  2 ;  4.  greyish  limestone,  full  of  casts  of 
Cyrena  ?,  interior  of  the  casts  sometimes  oolitic ;  5.  grey  limestone,  full  of  hollow 

black  moulds  of  a  small  Paludina  ;  6.  green  clay,  with  a  portion  of  an  elephant's 
tusk. — Edit. 

f  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  1,  &c. 
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determining  the  precise  age  of  the  great  volcanic  centres,  that,  from 
Ararat  to  Lemnos,  and  Santorin  to  Vesuvius,  have  from  time  to  time 

uplifted  or  submerged  parts  of  its  expansive  bed. 
In  merely  touching  upon  this  view,  I  am  induced  to  recall  to  mind 

the  other  isolated  fragments  of  freshwater  deposits  that  occur  in 
Rhodes,  Crete,  Cerigo,  and  in  the  western  basin  of  the  Mediter- 

ranean, of  Provence,  Lombardy,  Florence,  Minorca,  &c,  as  reviving 
an  old  idea  of  a  chain  of  lakes  having  existed  in  the  Mediterranean 
basin  during  this  period,  or  rather  during  a  portion  of  it. 

In  the  sections  here  given  it  will  be  seen,  that  the  superficial  red 

earthy  marls  of  the  Steppe-series  cover  rocks  of  all  ages,  and  that  the 
freshwater  marls,  d,  are  often  wanting.  The  probable  explanation 
is,  if  the  former  were  deposited  in  freshwater  also,  that  the  old  land 
surrounding  the  lake  became  suddenly  submerged  at  the  commence- 

ment of  this  red  marl  series, — or  that  the  level  of  the  lake  became 
suddenly  raised  by  the  escape  of  water  from  some  more  extensive  and 

more  elevated  basin, — or  that  the  waters  were  suddenly  raised,  having 
been  pent  up  within  more  limited  bounds,  on  account  of  the  rising 
of  some  great  mass  of  continent,  such  as  a  large  part  of  Asia  Minor, 
from  out  of  the  great  eastern  freshwater  basin  which  I  suppose  to 
have  existed. 

12.   On  the  Freshwater  Deposits  of  the  Levant. 
By  T.  Spratt,  Captain  R.N.,  F.R.S.,  F.G.S. 

The  brief  account  recently  published*  of  the  extensive  freshwater 
deposits  which  exist  on  the  western  shores  of  the  Grecian  Archi- 

pelago calls  for  a  notice  of  those  within  my  knowledge  on  the  eastern 
shores. 

The  freshwater  tertiaries  of  Smyrna  and  Sciof  have  been  traced 

by  me  as  fragments  along  the  eastern  and  southern  coasts  of  Mity- 
lene,  as  well  as  on  the  coasts  opposite, — the  detached  and  disturbed 
condition  of  these  deposits  being  due  to  extensive  outbursts  of  igneous 
rocks  that  form  large  districts  within  this  island  and  on  the  main 
land  opposite  to  it.  For  instance,  the  Moskonisi  and  Aivali  districts, 
the  Assos  Range  to  Cape  Baba,  Touzla,  and  Alexandria-Troas,  and, 
in  Mitylene,  the  north-eastern  part  of  the  island,  including  Mount 
Lepethimus,  as  well  as  the  entire  peninsula  west  of  Port  Kelloni,  are 
composed  of  volcanic  rocks.  Besides  these  there  are  several  lesser 
protrusions  of  trap  in  numerous  parts  of  the  intermediate  districts. 

The  vicinity  of  Mitylene  presents  an  interesting  association  of  the 
trap  and  the  freshwater  deposits,  particularly  to  the  south,  as  shown 
in  the  following  section,  fig.  1. 

At  Cape  Vourkas  we  meet  with  the  trap  and  tertiary  strata  in 
proximity,  particularly  on  the  east  short  of  Port  Kelloni,  while  the 
white  freshwater  marls  are  nearly  vertical,  and  contain  several  speci- 

mens of  a  small  Helix. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  177. 
f  Described  in  the  Society's  Quarterly  Journal,  vol.  i.  p.  156. 
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The  Island  of  Tenedos  is  still  more  interesting  and  instructive  in 
respect  to  the  relative  position  of  the  freshwater  deposits,  and  for 
their  greater  development,  as  seen  in  fig.  2,  p.  213. 

Here  the  freshwater  deposits  are  found  to  be  capped  by  about 
40  feet  of  a  white  arenaceous  limestone,  containing  marine  shells  of 
the  present  sea,  both  deposits  lying  nearly  horizontal,  and  apparently 
conformable.  The  exact  place  of  separation  of  these  two  groups  is  not 
easy  to  be  detected;  and  it  was  some  time  before  I  discovered  positive 
proof  of  the  freshwater  origin  of  the  lower  group  of  strata,  c  and  d 
in  the  section. 

Three-fourths  of  the  island  is  comprised  of  these  horizontal  beds 
of  freshwater  and  marine  tertiaries,  which  together  are  fully  100  feet 
thick.  The  other  fourth  consists  of  a  conical  peak  of  trachyte 
(Mount  Elias),  rising  like  a  dome  over  the  extreme  north-east  cape 
of  the  island,  and  throwing  off  from  its  southern  flanks  ridges  of 
secondary  limestones  and  shales,  somewhat  frizzled  by  the  contact ; 
these  are  succeeded  or  overlaid  by  horizontal  strata  of  the  Tertiary 
series,  as  shown  in  fig.  2. 

The  fossils  which  I  procured  from  the  bed  d  are  a  small  Paludina, 
Planorbis,  Neritina,  Cyrena  (?),  Melanopsis,  and  a  ribbed  bivalve 
(Cardium)  similar  to  the  one  found  in  the  Dardanelles  deposits  near 
Meitos  and  over  Nagara  Point. 

The  deposit  a  contains  shells  similar  to  those  of  the  present  sea ; 

and,  although  they  are  upwards  of  100  feet  above  the  sea-level,  they 
are  apparently  of  a  late  Tertiary  age  (older  or  newer  Pliocene),  like 
the  marine  deposits  which  repose  against  the  freshwater  beds  at  the 
south-east  extremity  of  the  island  of  Cos. 

To  the  north  of  Cape  Baba,  near  the  River  Touzla,  there  are  some 
coast-cliffs  of  this  late  marine  tertiary,  from  30  to  40  feet  high,  in 
which  the  beds  seem  to  repose  on  the  adjacent  igneous  rocks.  The 
latter  extend  northward  to  the  mountains  at  the  back  of  Alexandria- 
Troas,  where  a  granitic  trap  predominates,  and  from  whence  columns, 

in  early  days,  and  stone-shot  for  the  guns  of  the  Dardanelles,  in 
later  times,  have  been  quarried.  These  quarries  occur  near  the 
village  of  Chimali. 

More  to  the  northward,  the  blue  semi- crystalline  limestone  and 
shales  of  the  secondary  group  of  rocks  replace  the  volcanic  rocks ; 
and  then  succeed  extensive  districts  of  horizontal  strata  of  the  fresh- 

water and  marine  tertiary  deposits,  as  far  as  the  Dardanelles,  Sea  of 
Marmora,  and  Constantinople,  with  an  occasional  protrusion  of  the 
trap  here  and  here  in  the  northern  part  of  the  Troad. 

Connected  with  these  jets  of  trap,  between  the  Gulf  of  Smyrna  and 
the  Troad,  outlying  from  the  great  centres  of  eruption,  is  an  in- 

teresting point  which  I  observed  many  years  ago  when  examining  and 
surveying  the  topography  of  the  plain  of  Troy,  to  illustrate  the 
Homeric  history,  and  when  I  was  accompanied  by  my  learned  friend 
Dr.  Forchhammer  of  Kiel,  who  wrote  an  account  of  our  trip  for  the 

'  Geological  Journal.'  Several  masses  of  basaltic  rocks  peep  through 
the  tertiary  strata  forming  the  hills  surrounding  the  plain  of  Troy ; 
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but  one  of  particular  interest  occurs  at  the  site  of  Troy,  where  a 
ridge  of  volcanic  rocks  extends  from  the  base  of  the  Pergamus  to  the 
north-east  of  the  village  of  Bounarbashi.  The  limestone-ridge,  forming 
the  Pergamus  of  Troy  above  it,  and  extending  also  to  the  ridges 
west  of  the  village,  indicates  the  effect  of  this  volcanic  outburst  in 
the  fissured  condition  of  some  portion  of  the  mountain.  But  I 
refer  particularly  to  the  fact  that  the  most  copious  and  the  most 
western  of  the  springs  which  form  the  Scamander  issues  through 
two  crevices  or  rents  in  a  mass  of  red  tufaceous  rock  that  seems 

to  be  derived  from  and  connected  with  these  volcanic  ejections. 

These  two  springs  are  the  most  copious  of  the  whole  at  Bounar- 
bashi, and  together  are  capable  of  turning  a  water-mill  after  being 

collected  in  a  basin  at  the  mouth  of  the  fissures. 

These  sources,  coming  through  an  apparent  volcanic  vent  or  rent, 
suggest  most  strongly  that  the  water  issuing  from  them  in  the 
Homeric  time  might  then  have  been  warmer  by  a  connexion  with 

the  subterranean  heat,  although  all  the  springs  showed  only  63°  by 
the  thermometer  which  I  used  in  1838.  How  beautifully,  then,  does 

Homer's  description,  as  rendered  by  Pope,  apply  to  the  long-disputed 
question  of  the  hot  and  cold  springs  of  the  Scamander ! — 

"  This,  hot,  through  scorching  clefts  is  seen  to  rise,"  &c. 
Iliad,  xxii. 

Curious  and  interesting,  then,  is  this  explanation  of  a  long-doubted 
point  of  the  Homeric  description ;  and  I  introduce  it  here,  not  being 
aware  that  it  has  been  noticed  by  any  traveller  since  my  reflections  on 
it  in  1838,  as  a  point  of  geological  interest  in  connexion  with  the 
igneous  eruption  above  alluded  to. 

As  the  presence  or  absence  of  the  above-mentioned  great  igneous 
centres  have  a  marked  influence  upon  the  features  of  the  country,  I 

shall  here  notice  that,  excepting  some  trap-rocks,  accompanied  by 
slight  local  disturbances,  as  at  Kefez  Point,  near  the  Arenkeui  hos- 

pital and  Chanak  castle,  none  other  occurs  between  the  Artake 
Islands,  in  the  Sea  of  Marmora,  and  Tenedos. 

This  district  presents  a  great  development  of  freshwater  marls 
and  limestones,  nearly  horizontal,  and  extending  from  the  Troad  to 
Lampsaki  on  the  south  side  of  the  Dardanelles,  and  from  Cape 
Hellas  nearly  to  Rodosto  on  the  north  side,  and  from  Rodosto  to 
Constantinople,  on  the  northern  shore  of  the  Sea  of  Marmora. 

The  strait  of  the  Dardanelles  entirely  divides  this  great  field  of 
freshwater  deposits,  that  have  been  apparently  lifted  in  mass  almost 
vertically,  but  divided  asunder  by  the  strait,  as  if  separated  by  a 
great  chasm  ;  for  steep  cliffs  or  banks  terminate  the  ridges  that  line 
both  shores  of  the  strait,  in  some  cases  displaying  these  deposits  in 
a  series  of  horizontal  strata  of  grey  and  green  marls,  brown  sands 
and  sandstone,  fully  700  or  800  feet  thick. 

As  I  never  met  with  any  marine  fossils  above  the  freshwater 
deposits  of  the  Dardanelles,  it  appears  that  they  were  elevated  above 
the  newer  Pliocene  sea-level. 
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The  localities*  at  which  I  have  found  freshwater  fossils,  in  proof 
of  my  arguments,  are  as  follows  : — Cape  Hellas,  where  the  marls 
and  sandstones  contain  Cyrena  or  Cyclas  ;  under  Yenisher,  on  the 
Asiatic  side,  I  have  found  cast  of  Uniones  and  Cyrence  ?  in  the  neigh- 

bourhood of  Arenkeui  f  ;  over  Nagara  Point,  Unio  and  a  ribbed  bi- 
valve (Cardium)  similar  to  that  in  Tenedos,  with  Paludina  and 

Planorbis ;  the  same  at  Meitos  with  fossil  leaves  and  other  plant- 
remains.  Also  Unio  and  a  Melanopsis  similar  to  that  in  Tenedos  are 
to  be  obtained  in  great  abundance  in  a  bed  of  sandy  marl  over  Kiled 
Bahar,  the  European  castle  of  the  Dardanelles. 

[In  a  letter  to  the  Assistant  Secretary,  dated  June  12,  1857, 

Capt.  Spratt  states  : — 
"  In  a  walk  up  to  the  village  of  Arenkeui,  over  the  site  of  our 

hospital,  I  found  the  deposits  to  be  precisely  similar  to  those  on  the 
north  side  of  the  Dardanelles,  and  to  consist  of  thick-bedded 
yellowish-brown  sands  and  sandy  marls,  with  an  occasional  stratum 
of  sandstone.  Towards  the  top,  they  pass  into  peaty  marls,  marl- 
stone,  and  fine  sands,  brown,  red,  or  cream-coloured.  The  fossils 

occur  at  different  elevations,  and  comprise  both  the  Cyrena"!  and 
Melanopsis  which  occur  at  Tenedos  and  Baljik. 

"  The  fossil  teeth,  found  by  Mr.  Calvert,  were  taken  from  the  lower 

part  of  the  group  of  sandy  marl  immediately  below  the  village. "" The  following  is  a  section  across  the  Dardanelles,  from  the  hill  over 

*  The  specimens  sent  by  Capt.  Spratt  from  the  Dardanelles  and  Sea  of  Mar- 
mora comprise — 1.  Blue  sandy  clay  with  Corbulee  (?),Cape  Hellas,  entrance  of  Dar- 

danelles ;  2.  yellowish  earthy  limestone,  mainly  composed  of  fine  shell-grit,  with 
plant-remains  (like  a  portion  of  a  leaf-scarred  trunk),  and  Unio  and  Paludina, 
from  the  European  side  of  the  Dardanelles ;  3.  hard,  grey,  earthy  limestone,  full 
of  Cyprida,  Paludina,  Unio,  and  fluted  Cardium  (Adacna),  from  the  European 
side  of  the  Dardanelles ;  4.  soft  yellowish  limestone,  with  Adacna, — hard  fer- 

ruginous, laminated  sandstone,  with  Adacna,  Cyrena  (?),  Unio,  Melanopsis,  oper- 
cula  of  small  Paludina,  and  Cypridce, — and  soft  buff  shell-grit  with  Cypridce, 
from  Nagara  Point ;  5.  buff-coloured  shell-grit,  with  harder  crystalline  seams, 
containing  Melania  and  Nerita,  from  Genokora  Point,  entrance  to  the  Sea  of 
Marmora ;  6.  white  crystalline  limestone  with  Cyrena,  and  subcrystalline,  porous, 
and  marly  white  limestone,  containing  casts  of  small  bivalves  and  Melanopsis, 
and  shells  of  Neritina  retaining  colour,  from  near  Cape  Stephano,  Sea  of  Mar- 

mora ;  7.  from  Ereke,  Sea  of  Marmora,  olive-green,  irregularly  laminated,  mica- 
ceous sandstone,  with  dicotyledonous  leaves  and  fragments  of  plants ;  8.  from 

Marmora  Island,  white  quartzite  (rounded  fragments),  whitish-grey  syenite 
(waterworn  fragments),  and  two  varieties  of  mica-schist ;  9.  from  Kutali,  Sea  of 
Marmora,  pinkish-grey  syenite.— Edit. 

f  Similar  fossils,  with  numerous  fossil  bones,  have  been  obtained  by  our  Con- 
sul, Mr.  Calvert ;  but  I  have  not  seen  them,  and  I  am  informed  that  the  Medical 

Staff  and  the  Architect  of  the  Arenkeui  hospital  have  taken  to  England  some  of 
these  Mammalian  remains. — T.  S. 

Mr.  Calvert,  the  brother  of  the  Consul,  has  obliged  the  Assistant  Secretary  with 
the  following  particulars  relating  to  these  fossil  bones.  The  sides  of  a  ravine  or 
valley  between  Arenkeui  and  where  the  Hospital  was,  and  running  down  to  the 
sea,  are  formed  of  horizontal  beds  of  sand  and  sandstone  ;  in  the  former  a  portion 
of  an  elephantine  jaw,  with  two  teeth  in  place,  was  found ;  and  on  the  higher 
ground,  about  3  miles  from  the  edge  of  the  valley,  some  fragments  of  fossil  ivory 
were  found  near  the  surface.  The  bottom  of  the  valley  appeared  to  be  formed  of 
sandstone  debris,  covering  blue  clay  and  red  marl. — Edit. 
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Meitos  to  Nagara  Point,  through  an  isolated  tabular  mass  of  con- 
glomerate, which  here  caps  the  freshwater  marls  at  an  elevation  of 

about  100  feet  above  the  sea,  but  contains  no  fossils. 

Fig.  3. — Section  across  the  Dardanelles. 

Plain  of 

Abydos. 

Fort  and  Hill 

over 
Nagara  Point 

W. 

flill  over  Cham  Tabia, 
near  Meitos. 

a.  A  conglomerate  of  rounded  pebbles  of  limestones,  schists,  and  shales,  similar 
to  rocks  which  occur  near  Lampsaki. 

b.  Marls  and  sands,  containing  freshwater  fossils.  (500  feet  thick  ou  the  west 
side  of  the  Dardanelles.) 

This  conglomerate,  «,  contains  no  fossils  like  those  of  the  mass  of 
similar  conglomerate,  70  or  80  feet  thick,  which  forms  the  Promon- 

tory of  Gallipoli ;  the  latter  I  have  before  noticed  *  as  containing 
fragments  of  a  large  Dreissena  and  a  Cardium,  as  well  as  being 
capped  by  a  thin  stratum  of  sandy  marl,  in  which  these  fossils  occur 
more  abundantly,  both  entire  and  broken. 

The  south  shore  of  the  entrance  to  the  Sea  of  Marmora,  from 
Lampsaki  to  Cape  Karabournou,  opposite  Kutali  Island,  and  around 
to  the  mouth  of  the  Granicus,  is  composed  chiefly  of  steep  ridges  of 
older  rocks  (limestones  and  shales),  with  volcanic  protrusions,  and 
detached  fragments  of  the  Tertiary  deposits. 

The  north  shore  from  Gallipoli  is  composed  of  marls  and  sands, 
which  seem  to  be  identical  with  the  freshwater  series ;  and  at 

Ganakhora,  opposite  to  Marmora  Island,  about  50  feet  of  the  marly 
deposits  are  capped  by  a  bed  of  conglomerate,  formed  of  rolled 
pebbles,  with  broken  shells  of  Dreissena  and  Cardium,  as  at  Gallipoli. 

In  a  hasty  visit  to  Erekli  and  Scliori,  to  determine  the  proper  sites 
for  lighthouses  on  that  shore,  I  observed  the  same  marly  and  sandy 
deposits ;  and  amongst  the  ruins  at  the  former  locality,  I  found  that 
some  of  the  ancient  buildings  had  been  built  of  a  concreted  mass  of 
bivalves  like  large  Dreissence ;  I  could  not  learn  from  whence  it  came, 
but  I  think  Rodosto. 

I  could  find  no  shells  in  the  sandstones  and  marls  at  Scliori  to  in- 

dicate positively  its  freshwater  origin  ;  but  I  procured  some  fossil 
leaves,  which  were  abundant  near  the  upper  part  of  the  cliff  to  the 
east  of  the  town.  All  along  this  shore,  the  Tertiary  deposits  have 

frequently  a  dip  from  5°  to  15°,  but  with  no  constant  direction. 
At  Bujuk  Tchekmejeh  the  marly  cliffs  contain  a  bed  of  lignite, 

with  casts  of  freshwater  shells  in  the  associated  marls.  Cape  Stephano 
is  composed  of  white  and  yellow  marls,  about  25  feet  thick,  in  some 
parts  chalky  and  calcareous,  with  irregular  nodules  and  concretions. 
I  was  doubtful  whether  this  was  not  an  early  and  lower  member  of 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  p.  82. 
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the  freshwater  series  ;  but,  as  the  quarries  of  Makri  Keui  not  far 
distant  are  in  a  white  lacustrine  limestone,  as  Mr.  Strickland  long 
ago  pointed  out,  I  am  inclined  to  consider  the  Stephano  marls  as 
freshwater  also,  since  I  have  found  no  evidence  of  any  marine  ter- 

tiary in  the  shores  of  the  Sea  of  Marmora.  In  some  specimens  which 
I  procured  from  the  quarries  of  Makri  Keui  are  casts  of  a  Melania, 
apparently  resembling  the  one  I  procured  from  the  neighbourhood  of 

Vourla  in  the  Gulf  of  Smyrna,  figured  in  the  '  Geological  Journal,' 
vol.  i.  p.  163. 

The  above  evidences  of  the  freshwater  origin  of  the  deposits  which 
line  the  north  shore  of  the  Sea  of  Marmora  seem  to  justify  my  view 
of  connecting  the  basin  of  the  Sea  of  Marmora  and  the  Archipelago, 
as  having  been  a  part  of  one  great  lake,  which  probably  covered  a 
great  portion  of  the  central  part  of  Asia  Minor,  as  shown  by  Hamilton 
and  Tchihatcheff,  penetrating  by  the  valley  of  the  Hermes  and  the 
other  valleys  separating  the  older  chains  and  ranges,  as  Xanthus  on 
the  south,  the  Halys  on  the  north,  and  the  Hermes  on  the  west. 

The  lignite-beds,  briefly  noticed  by  Mr.  Poole*,  in  the  Nikomedian 
and  Brusa  valleys,  are,  I  think,  a  portion  of  the  same  lacustrine 

series,  which  seems  to  ̂ represent  a  long  portion  of  the  middle  and  later 
Tertiary  periods ;  although  the  relative  age  is  difficult  to  determine 
precisely,  on  account  of  the  great  permanency  of  genera  and  species 
of  the  air-breathing  Mollusca  peculiar  to  the  freshwater  fauna. 

As  the  two  basins  of  the  Archipelago  have  each  their  central,  but 
extinct,  volcanos,  or  foci  of  eruption,  in  Santorin  and  Lemnos,  so  the 
Sea  of  Marmora  has  its  focus  in  Pacha  Liman  and  the  Kutali  Islands, 
which  both  seem  to  have  been  volcanos,  from  being  entirely  composed 

of  granitic  trap,  and  presenting  a  crater-like  form.  It  is  also  an  in- 
teresting fact,  that,  as  there  is  very  deep  water  in  the  neighbourhood 

of  these  sudden  uplifts  of  igneous  rocks,  or  abrupt  uprisings  of  the 
bottom  (as  also  occurs  near  Micero  and  Methana,  two  other  evident 
volcanos  of  no  very  early  date),  so  there  is  in  the  centre  of  the  Sea 
of  Marmora  a  sudden  depth  of  300  and  400  fathoms  (representing, 
perhaps,  a  downcast  proportionate  to  some  neighbouring  great  uplift 
of  the  strata) ;  and  Marmora  Island  in  its  south-western  half  shows 
a  large  mass  of  granitic  and  porphyritic  trap,  associated  with  crystal- 

line limestones  and  micaceous  shales  and  schists  that  resemble  rocks 

of  the  earliest  age. 
The  section,  fig.  4,  p.  213,  taken  along  the  coast,  and  touching  at 

several  spots,  tends  to  confirm  these  views. 
The  marble-quarries  of  Marmora  are  celebrated  ;  and  I  found 

them  as  extensive  as  the  Pentelic  Quarries  of  Attica,  with  the  marble, 

in  some  parts,  quite  as  white,  pure,  and  crystalline  as  the  Parian,  but 
generally  more  resembling  the  cippoiine  of  Carysto. 

As  this  condition  occurs  only  when  a  volcanic  dyke  of  the  por- 
phyritic trap  comes  in  proximity  with  the  limestone,  as  seen  in  the 

section,  it  seems  to  show  that  these  rocks  owe  the  oldness  of  their 
aspect  to  their  metamorphic  condition  ;  and  I  am  inclined  to  think 
that  the  eruption  of  igneous  matter  in  contact  with  them  may  be  of 

*  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  1. 
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as  late  a  period  as  that  of  Lenmos  and  the  other  volcanic  centres 
which  have  torn  up  the  bed  of  the  lacustrine  basin,  because  I  observed 
the  summit  of  one  of  the  highest  ridges  of  Marmora  to  be  capped  by 
horizontal  beds  of  what  appeared  through  the  glass  to  be  red  and 
brown  marls  and  gravels. 

These  fragmentary  remarks  on  the  Dardanelles  and  Sea  of  Mar- 
mora, made  for  the  most  part  during  the  commencement  of  the  late 

war,  although  incomplete,  will  serve  to  call  the  attention  of  geologists 
to  the  interesting  field  of  inquiry  as  to  the  boundaries  and  age  of 
this  great  Oriental  (if  not  also,  in  part,  Mediterranean)  lake  or  chain 
of  lakes,  as  (it  seems  to  me)  indicated  by  detached  freshwater  deposits 
along  the  ancient  margins. 

November  4,  1857. 

Robert  White,  Esq.,  West  Cowes,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

Li  On  the  Triassic  and  Permian  Rocks  of  the  Odenwald,  in  the 
Vicinity  of  Heidelberg,  and  the  Corresponding  Forma- 

tions in  Central  England.  By  Edward  Hull,  Esq.,  A.B., 
F.G.S. 

The  resemblances  and  general  relations  of  the  Trias  and  Permian 
formations  of  the  Thuringerwald  and  Hartz,  with  their  representa- 

tives in  England,  have  already  been  pointed  out  in  the  joint  memoir 

of  Sir  R.  I.  Murchison  and  Professor  Morris*.  The  present  com- 
munication refers  to  a  neighbouring  range  of  hills,  destitute,  it  is 

true,  of  that  fine  assemblage  of  palaeozoic  rocks  below  the  Permian, 
which  have  been  shown  to  abound  in  the  Hartz  and  Thuringerwald, 
but,  in  the  case  of  the  more  recent  formations,  presenting  many 
points  of  analogy  with  their  contemporaries,  both  in  the  regions  re- 

ferred to,  and  in  Central  England. 
It  has  been  shown  by  Professors  Sedgwick  and  King,  as  also  by 

the  authors  of  the  memoir  on  the  Hartz,  that  the  Permian  groups 
of  Germany  and  this  country  can  be  strictly  contemporanized,  stra- 

tum for  stratum.  In  visiting  the  Odenwald,  it  was  partly  my  object 
to  ascertain  whether  a  similar  parallelism  might  be  observed  in  the 
case  of  the  Trias.  In  doing  so,  however,  occasion  was  taken  to 
examine  the  Permian  formation,  which,  though  only  sparingly  repre- 

sented in  the  Odenwald,  presents  those  peculiar  lithological  characters 
which  appear  to  identify  it,  not  only  with  formations  in  the  Thurin- 

gerwald and  Hartz,  but  also  with  the  trappoid  breccias  of  Worces- 
tershire. 

Since  the  establishment  of  three  well-defined  subformations  in 
the  Bunter  Sandstone  of  England,  a  notice  of  which  I  had  the 
honour  of  laying  before  the  Geological  Section  of  the  British  Asso- 

*  Quart.  Journ.  Geol.  Soc.  vol.  xi. 
VOL.  XIV.— PART  I.  Q 
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ciation  in  1854,  and  which  have 
been  adopted  by  the  Geological 
Survey  of  Great  Britain,  I  have  felt 
desirous  of  ascertaining  whether 
these  subdivisions  are  represented 
in  Germany. 

As  far,  however,  as  the  present 
examination  extends,  there  appear 
to  be  no  grounds  for  subdividing 
the  Bunter  of  the  Odenwald.  If, 
in  England,  this  formation  presents 
three  successive  stages,  correspond- 

ing to  the  same  number  of  periods 

in  its  history, — on  the  other  hand, 
in  this  part  of  Germany,  if  we  are 
to  judge  by  uniformity  of  mineral 
character,  there  have  been  no  cor- 

responding periods*. 
The  Range  of  the  Odenwald 

forms  a  barrier  to  the  valley  of  the 
Rhine  in  a  north  and  south  direc- 

tion. It  is  traversed  by  the  deep 
gorge  of  the  Neckar,  along  whose 
banks  good  sections  of  the  Red 
Sandstone  of  the  Odenwald  are  ex- 

posed to  view,  especially  at  Neckar- 
steiner  and  Eberbach.  Near  the 

mouth  of  the  gorge  stand  the 
castle  and  town  of  Heidelberg,  on 
a  boss  of  granite, — one  of  those 
isolated  masses  which  frequently 
protrude  at  the  northern  extremity 
of  the  Odenwald,  and  in  greater 
force  in  the  neighbourhood  of 
Freiburg.  This  granite  consists  of 
several  varieties,  considered  by  Sir 

C.  Lyellf  as  corresponding  to  suc- 
cessive periods  of  protrusion  ;  but 

of  its  age,  it  can  only  be  asserted 
that  it  is  earlier  than  the  Permian, 
and  later  than  the  Silurian  epochs, 
as  in  the  former  case  fragments 
of  it  are  found  in  the  breccias  of  the 

*  Since  the  above  was  written,  the 
author  has  been  informed  by  Sir  R.  Mur- 
chison,  that  the  German  geologists  have 
lately  established  a  threefold  division  of 
the  Bunter  in  other  parts  of  Germany. 
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Roth-todt-liegendes,  and  in  the  latter,  according  to  the  hypothesis  of 
Sir  R.  Murchison,  the  Freiburg  gneiss  is  a  Silurian  slate,  altered  by 

eruptive  granite  of  probably  the  same  date  with  that  of  Heidelberg*. 
In  the  Odenwald  this  granite  forms  the  basis  upon  which  the 

superstructure  of  the  Permian  and  Triassic  formations  has  been  raised. 

The  geology  of  this  Range  has  been  illustrated  by  a  map,  accom- 
panied by  a  memoir,  by  Dr.  von  Leonhard,  of  Heidelberg  f,  who  kindly 

accompanied  me  to  some  of  the  best  sections  in  the  neighbourhood, 
and  to  whose  work  I  beg  to  refer  those  who  wish  to  become  well 
acquainted  with  the  geology  of  the  Odenwald  and  Schwarzwald,  as 
the  description  here  given  must  necessarily  be  brief. 

Permian. 

The  Roth-todt-liegendes  of  the  Odenwald  is  finely  exhibited  in 
a  road-cutting  leading  up  the  flank  of  the  hill  from  the  village  of 
Handschucheim.  A  section  of  nearly  200  feet  may  be  measured, 
and  the  upper  surface  is  deeply  covered  by  Loess,  which  rises  on  the 
flanks  of  these  hills  about  300  feet  above  the  Rhine.  The  descrip- 

tion which  Murchison  and  Morris  have  given  of  this  rock  in  the 
Hartz,  will  apply  equally  here,  and  we  might  go  farther  and  aflirm 
that  the  same  description  would  apply  to  the  Permian  trappoid  brec- 

cias of  Worcestershire.  In  the  Odenwald  this  formation  consists  of 

unconsolidated  breccia  in  a  bright-red  marly  matrix,  presenting  only 
rude  traces  of  bedding.  The  fragments  are  of  porphyry  and  granite, 
the  former  in  excess  ;  and  the  parent-masses  are  in  immediate  con- 

tact with  strata  to  which  they  have  supplied  materials.  At  Raitbach 
and  Sackingen,  it  has  the  appearance  of  a  drift  swept  from  off  the 
Schwartzwald.  At  Baden,  it  is  sometimes  a  coarse,  sometimes  a 

fine,  breccia  of  granite,  porphyry,  clayslate,  and  gneiss,  cemented  by 
red  marl.  As  in  Worcestershire,  the  breccias  of  the  Roth-todt- 
liegendes  may  be  regarded  as  a  drift  %  derived  from  the  destruction 

of  more  ancient  sub -aerial  rocks,  consisting  of  eruptive  porphyries 
in  the  Odenwald  and  Germany  generally,  with  which  they  appear 
intimately  associated. 

The  resemblance  of  these  beds  to  the  trappoid  breccias  of  Wor- 
cestershire cannot  fail  to  have  struck  an  observer  acquainted  with 

the  formations  of  both  countries.  The  resemblance  is  perfect,  if  we 
except  the  difference  in  the  composition  of  the  fragments,  consequent 
upon  the  variations  in  the  rock-masses  from  which  they  have  been 
derived. 

The  trappoid  breccias  of  the  Enville  and  Lickey  Hills  do  not, 
however,  form  the  basement-beds  of  the  English  Permian  system,  as 
similar  breccias  do  in  the  Odenwald.  In  the  former  districts  they 
are  underlaid  by  several  hundred  feet  of  red  sandstones  and  marls, 
with  calcareous  bands.  For  these  beds  we  shall  probably  find  repre- 

sentatives in  strata  described  by  Murchison  and  Morris,  as  occurring 
immediately  over  the  coal-strata  of  the  Thiiringerwald,  and  beloiv 

*  '  Siluria,'  p.  361.  t  Geognostische  Skizze  von  Baden,  1846. 
%  Of  glacial  formation  according  to  Professor  Ramsay ;  Quart.  Journ.  Geol.  Soc. 

vol.  xi.  p.  185. 
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the  breccias  and  conglomerates  which  form  the  grand  mass  of  the 
Permian  rocks  in  that  region.  The  mineral  characters  bear  out 

the  analogy.  They  are  described  as  "  argillaceous  and  thick-bedded 
sandstones,  of  a  dark-red  brick-colour,"  a  description  which  might 
be  properly  applied  to  what  are  here  considered  their  representatives 
in  England. 

Hence  we  may  infer,  that  before  the  introduction  of  those  littoral 
conditions  of  land  and  sea,  accompanied  by  the  outburst  of  volcanic 
forces,  which  resulted  in  the  production  of  the  trappoid  breccias  of 
Germany,  and,  as  maintained  by  Professor  Ramsay,  accompanied  by 
glacial  agencies  in  Britain,  there  appears  to  have  been  an  introductory 
stage,  in  which  deeper  seas  and  more  tranquil  modes  of  deposition 

prevailed. 
In  Worcestershire  these  basement-beds  of  purple  sandstones  and 

marls  attain  a  thickness  of  400  feet.  They  repose  unconformably  on 
the  coal-measures  near  Bridgnorth,  Enville,  and  Hales  Owen,  and 
are  succeeded  by  the  zone  of  the  trappoid  breccias  and  calcareous 
conglomerates,  so  prominently  exhibited  in  the  Clent,  Lickey,  and 
Enville  Hills*. 

So  far,  the  analogy  in  the  order  of  succession  of  the  Permian  beds 
in  both  countries  holds  good. 

Zechstein. — This  formation  is  very  sparingly  represented  at  Hei- 
delberg, and  is  generally  altogether  absent.  It  consists  of  a  band  of 

yellow  magnesian  limestone,  with  imperfect  fossils.  As  the  mag- 
nesian  limestone  of  the  North  of  England  is  universally  admitted  to 
be  the  representative  of  the  Zechstein,  it  will  be  unnecessary  to  dwell 
longer  upon  it  here. 

Trias. 

Bunter  Sandstein. — The  sandstone  of  the  Odenwald  has  given 
rise  to  considerable  controversy  regarding  its  age,  doubts  having 

been  entertained  whether  it  might  not  be  referable  to  the  "  Lower 
Bunter,"  or  "Bunter  Schiefer,"  of  the  German  Geologists,  a  forma- 

tion which  Sir  R.  Murchison  has  truly  shown  to  be  of  Permian  age. 
An  examination  of  this  sandstone  from  its  base  at  Heidelberg  for 

miles  along  the  valley  of  the  Neckar,  up  to  the  point  where  it  is  overlaid 
by  the  Muschelkalk,  leads  me  to  the  conclusion  that  the  whole  weight 
of  evidence  is  in  favour  of  its  Triassic  age ;  and  in  this  opinion  I  am 
borne  out  by  the  authority  of  Dr.  von  Leonhard,  who  has  mapped  and 
described  it  as  such  in  his  memoir  on  the  Geology  of  Baden  j. 

At  the  Kaiserstuhl,  which  rises  behind  the  town  and  castle  of 

Heidelberg  to  a  height  of  about  1300  feet  above  the  Neckar,  and 
1723  feet  above  the  sea,  the  sandstone  attains  a  thickness  of  1400 

or  1500  feet.  Throughout  the  Odenwald  it  is  but  very  slightly 
inclined  from  the  horizon,  and  gradually  descends  towards  the  boun- 

dary of  the  Muschelkalk  at  an  inclination  of  4  or  5  degrees. 

*  See  Maps  of  the  Geological  Survey  of  Great  Britain,  Nos.  61,  S.E.,  and 
54,  N.W. 

f  The  Sandstone  of  Heidelberg  is  also  marked  as  Trias  in  von  Becker's 
"  Geognostische  Uebersichtskarte  von  dem  Grossherzogthum  Hessen,"  and  in 
SirR.  I.  Murchison  and  Prof.  Nicol's  Geological  Map  of  Europe,  1856. 
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In  composition,  the  sandstone  strongly  resembles  the  conglomerate- 
beds  of  the  Bunter  in  Lancashire  and  Cheshire,  the  difference  being 

principally  in  the  less  abundance  of  quartz- pebbles  in  the  case  of  the 
Heidelberg  beds.  The  colour  is  bright  red,  and  occasional  partings 
of  marl  occur  in  the  planes  of  bedding.  Rounded  quartz-pebbles, 
similar  to  those  of  the  English  quartzose  conglomerates,  occur  spa- 

ringly ;  and  veins  of  brown  iron-ore  have  been  found, — a  remark- 

able specimen  being  in  Dr.  von  Leonhard's  collection. 
Several  quarries  have  been  opened  at  Heidelberg,  Neckar-steiner, 

and  Nussloch  ;  and  the  stone  has  been  used  with  good  architectural 
effect  in  the  construction  of  Heidelberg  Castle,  and  other  public 

buildings  of  the  country  *.  The  composition  of  the  whole  formation 
is  almost  uniform  throughout ;  and  in  this  neighbourhood  there  is 

no  part  thereof  which  can  be  referred  to  the  "  Lower  Bunter  Sand- 

stein,"  or  "Bunter  Schiefer,"  as  the  beds  immediately  under  the 
Muschelkalk  are  similar  in  all  respects  to  those  which  rest  upon  the 
Zechstein  and  Roth-todt-liegendes. 

The  Bunter  is  finely  exhibited  along  the  gorge  of  the  Neckar,  and 
in  quarries  in  the  neighbourhood  of  Heidelberg  and  Nussloch,  near 
its  junction  with  the  Muschelkalk.  Throughout  its  depth  the  com- 

position is  uniform,  affording  no  changes  in  mineral  structure  upon 
which  to  found  sub-formations. 

In  England,  on  the  other  hand,  in  Salop,  Cheshire,  and  Lan- 
cashire, where  this  formation  is  most  fully  developed,  we  find  three 

sub-formations  preserving  well-defined  boundary-lines,  and,  from 
their  differences  of  mineral  character,  producing  landscape-features 
characteristic  of  each  sub-formation.  For  these  I  proposed  the 
names  Upper  Variegated  Sandstone,  Conglomerate-beds,  and  Lower 
Variegated  Sandstone ;  the  middle  member  of  the  series  separating  the 
other  two,  which  resemble  each  other  strongly  in  mineral  character  f. 

Now,  it  is  to  this  middle  sub-formation,  or  the  "  Conglomerate- 

beds  "  as  they  occur  in  Western  England,  that  the  Bunter  of  the 
Odenwald  bears  the  most  resemblance  :  hand-specimens  from  the 
two  localities  could  scarcely  be  referred  with  certainty  to  their  ori- 

ginal beds ;  the  only  difference  between  them  being  the  greater 
abundance  of  quartzose  pebbles  in  the  English  sandstone. 

Guided,  then,  by  mineral  resemblance,  we  might  infer  that  the 
Bunter  Sandstein  of  England  is  more  complete  than  in  this  part  of 
Germany ;  and  that,  of  the  three  stages  representing  three  epochs  in 
the  history  of  that  formation  in  the  one  country,  only  the  second  of 
these  was  represented  in  the  other. 

Considering,  however,  that  the  sandstone  of  the  Odenwald  attains 
a  thickness  which  the  three  subdivisions  in  England  never  exceed, 
and  inasmuch  as  the  strata  of  both  countries  were  certainly  discon- 

nected at  the  period  of  their  deposition,  the  evidence  is  not  sufficient 
to  warrant  such  an  hypothesis ;  and  I  feel  inclined  to  consider  the 
formation  in  both  countries  as  strictly  contemporaneous. 

*  The  author  cannot  assent  to  the  wish  expressed  by  a  celebrated  poet, — that 
the  sandstone  of  this  fine  old  ruin  were"  grey,  and  not  red." — See  '  Hyperion.' 

f  For  descriptions  of  these  sub-formations,  see  Rep.  Brit.  Assoc.  1854. 
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For  these  reasons,  I  have  placed  the  three  English  sub-divisions  so 
as  to  represent  the  whole  mass  of  the  Heidelberg  sandstone  in  the 
annexed  Tabular  View. 

Muschelkalk. — This  formation  being  unfortunately  absent  in  Eng- 
land, I  shall  not  dwell  upon  it  here,  referring  the  reader  to  Dr.  von 

Leonhard's  work. 
It  folds  in  undulating  layers  around  the  lower  flanks  of  the  Oden- 

wald,  and  is  traversed  by  the  Neckar  near  Mosbach.  It  consists  of 

thin- bedded  bluish  limestones  with  partings.  It  is  only  locally  fos- 
siliferous,  containing,  amongst  the  more  common  species,  the  follow- 

ing:— Avicula  socialisy  Bronn ;  Ceratites  nodosus,  De  Haan;  Tere- 
bratula  vulgaris,  Brongn.;  Encrinites  liliiformis,  Schloth.  Haematite 
is  extensively  worked  near  Wiesbach. 

As  this  formation  has  no  representative  in  England,  it  will  be 
sufficient  to  state  that  its  proper  position,  were  it  present,  would  be 

immediately  under  the  Waterstones  or  Lower  Keuper  Sandstone. — 
(See  Tabular  View.) 

Keuper. — A  true  parallelism  may  be  traced  in  the  order  of  succes- 
sion of  the  beds  of  this  formation  in  England  and  around  the  flanks 

of  the  Odenwald,  and  is  confirmatory  of  the  conclusion  at  which, 
with  Professor  Ramsay  and  Mr.  Howell,  I  had  long  since  arrived, 
that  the  strata  of  sandstones  and  marls,  with  a  base  frequently 
brecciated  and  calcareous,  and  which  are  known  in  the  Midland 

Counties  of  England  as  "Waterstones,"  are  to  be  referred  to  the 
"  Keuper  formation." 

In  the  Odenwald  we  find  the  representatives  of  these  beds,  com- 
posed of  brown  and  grey  grits,  with  shales,  altogether  reaching  about 

100  feet  in  thickness.  In  one  place,  near  Wiesbach,  a  remarkable  bed  of 
calcareous  breccia  occurs,  containing  fragments  of  granite,  porphyry, 
and,  what  is  more  remarkable,  of  Bunter  Sandstein.  A  specimen 
containing  this  fragment  has  been  shown  me  by  Dr.  von  Leonhard. 

These  beds  undoubtedly  represent  our  "Waterstones,"  which  may 
therefore  be  correctly  termed  "  Lower  Keuper  Sandstone." 

The  occurrence  of  this  breccia  in  a  position  corresponding  so  closely 
with  that  of  the  breccias  which  in  Worcestershire,  Staffordshire,  and 
Cheshire  introduce  the  Keuper  formation  is  interesting,  as  affording 
evidence  of  littoral  conditions  in  both  countries  at  the  commencement 

of  the  Keuper  period.  These  particular  pebbles  in  the  Keuper  of 
Wiesbach,  derived  from  the  older  rocks  of  the  Odenwald,  including 
the  Bunter  Sandstein,  go  far,  I  conceive,  to  prove  unconformity  to 
some  extent  between  the  two  formations,  arising  from  disturbances, 
accompanied  by  denudation,  at  the  close  of  the  Muschelkalk  period. 
Similarly,  it  may  be  stated,  that  in  some  parts  of  Central  England 
there  are  indications  of  unconformity  between  the  Bunter  and  Keuper. 

I  particularly  refer  to  the  neighbourhood  of  Ashby-de-la-Zouch,  and 
of  the  Warwickshire  Coal-field.  In  these  districts  there  is  an  appa- 

rent independence  or  want  of  connexion  between  these  formations ; 
the  conglomerates  of  the  Bunter  appearing  and  disappearing  suddenly 
without  any  reference  to  the  position  of  the  Waterstones.  And 
when  we  consider  the  long  blank  in  the  history  of  our  English  rocks, 
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filled  up  in  Germany  by  the  highly  eventful  period  of  the  Muschel- 
kalk,  analogy  would  lead  us  to  infer  the  occurrence  of  physical 
changes  of  level  sufficient  to  produce  slight  local  unconformity. 

These  Lower  Keuper  Sandstones  are  succeeded  by  a  series  of  red 

shales  and  marls  with  gypsum,  which  compose  the  vine-clad  banks 
around  the  villages  of  Rotherberg  and  Rauenberg,  in  thickness  about 
150  feet.  To  these  succeed  the  Upper  Keuper  Sandstein,  precisely 
similar  both  in  mineral  aspect  and  stratigraphical  position  to  the 
beds  which  in  Central  England  have  for  so  long  monopolized  the  title 

of  "  Keuper  Sandstone."  They  also  contain  Estheria  (Posidonomya) minuta. 

Near  Rotherberg,  in  a  lane-section,  these  beds  are  finely  exhibited. 
They  consist  of  several  alternations  of  very  fine-grained  white  sand- 

stone, with  white,  blue,  and  bituminous  shales,  in  thickness  about  10 
feet. 

Near  Ensheim  *r  the  same  beds  contain  vegetable  remains,  amongst 
which  the  following  may  be  mentioned :  Catamites  arenarius,  Brongn.; 
T&niopteris  vittata,  Brongn. ;  Pterophyllum  Jcegeri,  Brongn. 

The  Upper  Keuper  Sandstein  is  succeeded  by  a  considerable  thick- 
ness of  red,  purple,  and  grey  marls  and  shales,  with  occasional  bands 

of  sandstone,  gypsum,  and  nodules  of  haematite.  These  beds  cor- 
respond to  the  red  marls  which  are  superimposed  on  the  "  Keuper 

Sandstone"  of  the  central  counties  of  England,  and,  while  they  com- 
prehend the  more  considerable  mass  of  the  formation,  form  the  upper 

limit  of  the  Triassic  system  of  both  countries. 

Summary. — A  Tabular  View,  condensing  the  remarks  made  in  this 
paper,  is  given  at  p.  225.  I  have  adopted  the  division  of  the 
Permian  group  into  three  members,  as  already  pointed  out  by 
Sir  R.  I.  Murchisonf,  as  this  formation,  both  stratigraphically  and 
mineralogically,  appears  to  assume  a  tripartite  arrangement. 

In  England,  the  lower  member,  or  Roth-todt-liegendes,  is  confined 
in  its  distribution  to  the  Western  and  Midland  Counties,  and  consists 

of  an  areno-argillaceous  series,  separated  into  two  by  an  horizon  of 
breccias  and  conglomerates.  It  has  been  shown  that  each  of  these 
subdivisions  has  its  representative  in  Germany. 

The  middle  member,  represented  in  both  countries  by  calcareous 

zones,  is  in  England  confined  to  the  North-Eastern  Counties  ;  and  is 
immediately  overlaid  by  the  upper  member,  composed  in  England 
and  Germany  of  argillaceous  or  arenaceous  materials.  Thus  there 
are  three  physically  distinct  members,  the  lowest  of  which  is  itself 
capable  of  a  ternary  division. 

In  the  Bunter  Sandstone  we  recognize  three  members  in  England, 
and,  though  we  cannot  observe  any  correspondence  with  them  in  the 
sandstone  of  the  Odenwald,  yet,  recollecting  the  exact  correspondence 
in  the  succession  of  the  Permian  and  Upper  Secondary  formations  in 

England  and  Germany,  I  do  not  despair  of  seeing  the  whole  ulti- 
mately parallelized. 

*  Geog.  Skizze  von  Baden,  p.  60. 

f  See  Quart.  Journ.  Geol.  Soc.  vol.  xi.  p.  426,  and  Table,  p.  448  ;  and  '  Siluria,' 
p.  124  et  seq. 
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The  author  regrets  that  it  has  not  been  in  his  power  to  extend 
these  comparisons  to  the  rocks  of  the  Vosges  on  the  opposite  side  of 
the  Rhine  valley.  He  hopes,  however,  that,  unless  anticipated,  he 
may  have  the  wished-for  opportunity. 

2.  On  the  Extinct  Volcanos  of  Victoria,  Australia. 
By  R.  Brotjgh  Smyth,  C.E.,  F.G.S.,  Member  of  Council  of  the 
Philosophical  Institute  of  Victoria,  &c. 

The  district  within  which  volcanic  products  and  other  evidences  of 
recent  igneous  action  are  found  extends  from  the  River  Plenty  (a 
tributary  of  the  Yarra),  on  the  east,  to  Mount  Gambier  on  the  west. 

Its  most  northern  point  is  McNeil's  Creek  (a  tributary  of  the  River 
Loddon),  in  37°  south  latitude,  and  its  most  southern  Belfast,  in 
38°  21'  south  latitude  (see  accompanying  Map,  fig.  1).  Its  extreme 
length  is  250  miles,  and  its  extreme  breadth  about  90  miles. 

It  is  said  that  there  are  crateriform  hills  near  Lake  Omeo,  on  the 

flanks  of  the  Australian  Alps,  and  at  Lake  Tyrrell,  near  Castle  Don- 
nington,  on  the  River  Murray  ;  but  I  have  not  such  precise  informa- 

tion as  would  warrant  me  to  mark  those  as  belonging  to  or  connected 
with  the  district  now  under  consideration. 

By  referring  to  the  map  it  will  be  seen  that  this  district  is  bounded 
on  the  south  by  the  sea,  and  on  the  north  it  crosses  the  Spur  from 

the  Australian  Alps  near  the  Ballaarat  Gold-fields  * .  In  the  centre 
is  a  basin-like  depression,  the  drainage  of  which  is  into  Lake  Ko- 
rangamite. 

The  most  distinctly  marked  crateriform  volcanic  hills  are : 
1 .  A  hill  near  the  source  of  the  Merri  Creek,  on  the  dividing  range, 

about  25  miles  north  of  Melbourne.  Respecting  this,  Mr.  Selwyn, 

the  Government  Geologist,  says  : — "  On  the  green  hill  north  of  the 
Kinlochue  Inn,  Sydney  Road,  the  ancient  crater  is  still  distinctly 
visible.  Several  other  and  smaller  hills  of  the  same  character,  but 
on  which  no  crateriform  cavities  are  visible,  occur  near  the  source 
of  the  Merri  Creek ;  and  there  is  little  doubt  that  these  hills  are  the 
true  source  whence  the  whole  of  the  basalt  or  lava  which  now  occu- 

pies the  country  between  the  Plenty,  the  Yarra,  and  the  Sydney- 
Road  has  been  derived."  And  on  referring  to  his  recent  map  of 
that  part  of  the  country,  I  perceive  that,  in  cutting  a  roadway,  vol- 

canic ash  and  scoriae  were  found.  The  altitude  of  this  hill  is  about 
700  feet. 

2.  Mount  Aitkin. — This  hill  is  about  1500  feet  above  the  level 
of  the  sea.  There  is  no  deep  well  or  crater,  but  the  evidences  of 
recent  volcanic  action  are  complete  and  satisfactory.  The  summit 
is  covered  with  masses  of  naked  basalt  extending  in  two  parallel 
ridges ;  and  the  course  of  the  streams  of  lava  may  be  traced  from 
the  hill.  The  surface  is  strewn  with  fragments  of  light  vesicular 
lava.     The  basalt  at  the  summit  is  not  dissimilar  to  the  rock  which 

*  See  Quart.  Journ.  Geol.  Soc.  vol.  ix.  p.  75,  and  '  The  Golden  Colony,'  1855, 
chap.  16,  for  Mr.  Wathen's  account  of  a  portion  of  this  volcanic  district. — Edit. 
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is  commonly  found  on  the  plains ;  but  at  the  base  I  found  some 
labourers  quarrying  a  hard,  dense,  bluish-grey  basalt,  with  included 
crystals  of  quartz.  The  basalt  through  which  the  Saltwater  River 
has  cut  a  channel  has  undoubtedly  proceeded  from  Mount  Aitkin 
and  the  neighbouring  peaks,  and  it  now  fills  the  old  basin  formed 
in  the  palaeozoic  rocks ;  but  it  does  not  appear  to  have  altered  the 
physical  configuration  of  the  country  very  remarkably.  Indeed, 
when  we  look  at  the  Keilor  Plains,  and  examine  the  thickness  of 
the  basalt  in  many  places,  the  fact  is  apparent  that  the  surface  of 
the  ancient  sedimentary  strata  must  have  been  moderately  even  and 
uniform  when  it  was  covered  by  the  igneous  rock. 

At  Keilor  a  fine  section  of  the  basalt  may  be  seen.     Its  relation 
to  the  palaeozoic  rocks  is  shown  in  the  section,  fig.  2. 

Fig.  2. — Section  at  Keilor. 

1 .  i . '  i !  i !  • . . ' .  i ,  i 

a.  Basalt,     b.  Hard  quartzose  conglomerate,    c.  Contorted  Silurian  rocks. 

The  extinct  volcano  Mount  Aitkin  has  broken  through  the  Silu- 
rian rocks,  and  these  may  be  seen  in  many  places  in  its  vicinity 

rising  above  the  sheets  of  lava. 
3.  Mount  Boninyong  is  immediately  adjacent  to  the  Ballaarat 

gold-fields.  It  has  a  distinct  crater.  Masses  of  very  porous  lava 
are  found  in  the  neighbourhood,  so  light  that  it  is  easy  to  lift  frag- 

ments several  feet  square.  The  lava  covers  the  older  auriferous  drift; 
and  the  newer  drift,  also  containing  gold,  rests  on  the  top. 

4.  Lame-bar amul* :,  or  Mount  Franklyn,  is  one  of  a  group  of  ex- 
tinct volcanos  which  are  found  both  to  the  north,  south-east,  and 

west.  On  the  steep  side  of  the  hill,  the  rock  is  in  huge  irregular 
blocks.  Here,  as  in  other  parts  of  the  district,  the  lava  has  fol- 

lowed the  course  of  the  channels  which  were  already  formed  at  the 
period  of  eruption,  and  the  streams  have  extended  to  a  great 
distance,  much  of  the  auriferous  drift  on  the  Loddon  being  covered 
up  by  the  igneous  rock. 

5.  The  MS.  plan  given  of  Mount  Rouse  explains  its  general 
character.  In  the  vicinity  of  the  mount  there  are  numerous  springs 
and  swamps,  and  caves  of  considerable  extent  have  been  found. 

*  "  Home  of  the  Emu."  Manuscript  plans  of  Mount  Franklyn,  Mount  Rouse, 
Mount  Leura,  and  of  Tower  Hill  Lake,  from  recent  surveys,  accompanied  this 

memoir,  and  are  deposited  in  the  Society's  Library. — Ed. 
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6.  On  the  west  side  of  Lake  Korangamite  there  are  several  hills 

which  are  crateriform.  Amongst  the  best  defined  are — Mount  Myrt- 
son,  having  a  lake  or  swamp  in  the  centre,  Mount  Wiridgil,  and 
Mount  Leura.  The  ordinary  volcanic  ash  and  scoriae  are  found  on 
these  hills.  Lakes  Gnotuk  and  Bulleen-Merri,  situated  to  the  west 
of  Mount  Leura,  are  also,  I  believe,  ancient  craters.  Lava,  similar 
to  that  ejected  from  active  volcanos,  is  strewn  over  the  surface  of 
the  hills.  It  is  often  curiously  twisted  ;  and  masses  formed  of  regular 
concentric  layers  are  found  so  similar  in  form  to  the  trunks  and 
branches  of  trees,  that  one  was  actually  sent  to  me  as  a  fossil  tree. 
On  the  eastern  side  of  Lake  Korangamite  there  are  other  hills  of  an 
equally  distinctive  character,  the  most  prominent  being  Mount  Hesse, 
Mount  Gelhbrand,  and  Warrion,  or  Labaam.  In  the  Korangamite 

district  we  find  the  "  Stony  Rises."  These  occupy  a  large  area  both 
to  the  south,  east,  and  west  of  the  lake.  They  consist  of  rocky, 
often  conical  piles,  about  25  feet  in  height,  generally  rising  at  an 

angle  of  15°,  20°,  or  25°,  and  so  close  together  that  they  are  im- 
passable to  wheeled  vehicles,  and  only  permit  a  tortuous  and  uneven 

path  to  the  equestrian. 
7.  Tower  Hill  Lake  is  situate  between  the  towns  of  Warnambool 

and  Belfast,  and  close  to  the  coast ;  see  the  accompanying  plan. 
It  bears  some   resemblance   to  Lakes  Gnotuk  and  Bulleen-Merri. 

Fig.  3. — Sketch  of  Tower  Hill  Lake,  near  Warnambool,  in  the 
County  of  Villiers. 

1  mile. 2  miles. 
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The  water  in  the  lake  is,  I  believe,  some  25  feet  above  the  level  of 
the  sea.  A  large  tract  of  swampy  land,  which  appears  to  have  been 
recently  upraised,  extends  from  the  southern  base  of  the  hill  to  the 
sea. 

The  average  slope  outwards  of  the  hill  is  about  6° ;  and  the  inner 

slope,  which  forms  the  margin  of  the  lake,  is  about  30°.  In  "the centre  of  the  lake  there  is  an  island,  irregular  in  form,  on  which 
there  are  several  peaks  or  extinct  craters. 

Mr.  H.  Cadogan  Campbell,  C,E.,  of  Warnambool,  has  kindly 
favoured  me  with  a  description  of  the  strata  sunk  through  in  digging 
a  well  on  the  south-east  slope  of  the  margin  of  the  lake  (see  plan). 
He  says  : — "  They  first  sank  through  about  3  feet  of  soil,  and  then 
for  about  60  feet  passed  through  layers  of  ash,  alternately  black  and 
white,  and  of  irregular  thickness,  though  none  above  an  inch  or  two. 
At  the  depth  of  63  feet  the  workmen  came  upon  the  original  surface 
of  the  ground,  covered  with  the  common  coarse  grass  now  found 

growing.  It  was  not  scorched,  but  merely  like  dry  hay."  He  says 
again: — "  Tower  Hill  is  one  of  our  most  extensive  volcanos  ;  but  it 
does  not  appear  that  much  lava  has  been  ejected  from  it.  What 
has  been  thrown  out  has  taken  a  course  to  the  S.W. 

"An  immense  quantity  of  ashes  has  been  thrown  out,  forming 
layers  of  a  tufaceous  rock, — the  greatest  quantity  to  the  eastward  of 
the  mountain,  that  being  the  side  towards  which  the  wind  generally 
blows   This  I  have  also  observed  at  Lake  Purmbeet,  where 

a  similar  rock  is  formed 'from  Mount  Leura." 
Underneath  the  ancient  humus,  the  workmen  sank  60  feet  through 

a  blue  and  yellow  clay.  Mr.  Selwyn,  the  Government  Geologist, 
has  sent  me  the  following  note  : — 

"  Geological  Survey  Office,  11th  Aug.  1857. 

"  Dear  Smyth, — I  have  just  returned  from  a  very  hasty  visit  to 
the  Western  Ports  and  Tower  Hill ;  and  with  reference  to  the  recent 

discovery  of  frogs  in  sinking  a  well  in  that  neighbourhood,  it  may 
be  interesting  to  you  to  know  that  Tower  Hill  is  certainly  the  most 
recent  volcanic  vent  I  have  yet  seen  in  Victoria. 

"  It  appears,  at  least  during  its  later  eruptions,  to  have  emitted 
vast  quantities  of  ash  and  scoriae ;  and  these  are  seen  near  Warnam- 

bool, resting  on  beds  of  shell,  sand,  and  earthy  limestone  containing 
numbers  of  the  living  littoral  species  of  mollusca. 

"  In  all  other  localities  where  I  have  examined  the  large  sheets  of 
lava  which  are  so  widely  distributed  over  the  colony,  I  have  never 
found  them  resting  on  beds  of  newer  date  than  upper  miocene,  but 
have  frequently  found  them,  as  is  the  case  at  Portland,  overlaid  by 
beds  apparently  precisely  similar  to  those  which  underlie  at  Warnam- 

bool the  ash  and  scoriae  of  the  Tower  Hill  crater. 
"  Yours  faithfully, 

"Alfred  R.  C.  Selwyn." 

<(B.  B.  Smyth,  Esq.,  $•<?." 

8.  Mount  Gambier,  in  South  Australia,  rising  near  the  boundary- 
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line  separating  that  colony  from  Victoria,  is  crateriform,  and  is  in  the 
midst  of  a  low,  flat,  and  sandy  district,  with  low  ranges  of  tertiary 
limestone.     I  am  not  aware  whether  it  has  erupted  much  lava. 

It  is  impossible  at  present  to  define  the  exact  limits  of  the  areas 
occupied  by  the  most  recent  volcanic  rocks,  or  perhaps  always  to 
determine  the  age  of  the  various  basalts  or  lavas  ;  but  we  may  draw 
some  useful  general  conclusions,  nevertheless,  from  the  information 
already  accumulated. 

Over  nearly  the  whole  extent  of  Victoria  there  are  masses  of  in- 
trusive basalt,  in  some  places  columnar,  in  others  in  rude  angular 

blocks,  breaking  through  both  the  granite  and  the  palaeozoic  strata, 
which  clearly,  from  the  mode  of  their  occurrence,  are  unconnected 
with  the  recently-extinct  volcanos.  Such  masses  are  often  found  in 
close  proximity  to  the  newer  basalt,  as  at  Melbourne  ;  and  of  these 

Mr.  Selwyn's  descriptions  are  most  excellent.  He  draws  a  proper 
distinction  between  the  older,  close-grained  basalt,  as  it  generally 
occurs,  much  decomposed,  and  of  a  nodular  structure,  and  the  re- 

cent rock,  which  is  commonly  very  vesicular  and  amygdaloidal  * . 
From  the  similarity  in  lithological  character,  as  he  observes,  it  is, 
however,  sometimes  impossible  to  separate  the  one  from  the  other. 
I  have  seen  the  newer  basalt,  in  close  proximity  to  a  crater,  both 
vesicular  and  very  dense,  and  the  latter  undistinguishable  from  some 
specimens  of  undoubtedly  older  rock.  Neither  from  their  mineral 
constituents  nor  specific  gravity  is  it  possible  to  say,  from  a  hand- 
specimen,  whether  the  basalts  are  new  or  old.  The  following 
section  (fig.  4)  shows,  in  a  synoptical  form,  the  manner  in  which  these 
formations  occur. 

Fig.  4. — Diagram  showing  the  relations  of  the  Basalts  in  Victoria. 

a.  Porous  lavas  (recent),  b.  Younger  basalts,  c.  Older  basalts,  d.  Quartz- 
ose  drift  (Pleistocene  ?).  e.  Tertiary  fossiliferous  strata  (Miocene  ?). 
/.  Palaeozoic  rocks,    g.  Granite. 

The  older  basalt,  c,  in  all  probability,  was  erupted  by  submarine 
volcanos ;  and  we  have  no  reason  to  suppose  that  it  did  not  flow 
in  considerable  streams,  and  fill  up  inequalities  in  the  ancient  sea- 

bed. Extensive  denudation  (of  which  during  that  period  we  have 
abundant  proofs)  would  account  for  the  removal  of  the  cappings  or 

*  See  Geological  Surveyor's  Report  (p.  7).  1854. 
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streams  of  lava,  and  we  should  then  have  sections  similar  to  the 

following  (fig.  5),  which,  indeed,  are  constantly  to  be  seen. 

Fig.  5. — Diagram  explaining  the  denudation  of  the  Older  Basalts 
in  Victoria. 

a.  Older  basalt,  and  a*,  its  denuded  portion,     b.  Palaeozoic  rock,  and  b*,  portion 
denuded,     c.  Granite. 

At  Flemington,  near  Melbourne,  at  Geelong,  and  at  various  locali- 
ties bordering  on  the  coast,  marine  tertiary  beds,  e,  fig.  4,  rest  on  the 

older  basalt,  and  are  the  equivalents,  Mr.  Selwyn  supposes,  of  the 

miocene  beds*.  The  beds  are  composed  of  fine-grained  and  coarse- 
grained sandstones,  passing  into  pudding-stone,  cemented  with  oxide 

of  iron,  and  containing  numerous  fragments  of  palaeozoic  rocks. 
Amongst  the  fossils  collected  by  me,  and  exhibited  at  the  Paris 

Exhibition  in  1854,  were — 
Terebratula,  very  common  ;  some  specimens  not  distinguishable 

from  existing  species ;  Nucula,  very  numerous,  and  in  some  localities 
almost  exclusive ;  Haliotis,  numerous ;  Cyprcea  and  Patella,  common ; 
Spatangus,  common ;   Ovula  ;   Voluta ;   Cerithium,  &c. 

I  found  also  what  appeared  to  be  obscure  impressions  of  leaves. 
These  tertiary  beds  are  very  important.  In  many  localities  we  find 

a  white  quartz-drift  overlying  the  basalt ;  and  in  others,  including 
large  areas,  there  is  a  hard  white  quartzose  rock,  of  very  distinct 
lithological  character,  immediately  underneath  the  newer  basalt,  and 
usually  overlying  the  palaeozoic  rocks.  It  is  undoubtedly  tertiary  ; 
but  neither  this  nor  the  white  quartz-drift f  contain  fossils,  as  far  as  1 
can  learn,  and  I  have  examined  it  over  a  great  extent  of  country.  Un- 

fortunately, no  very  satisfactory  sections  are  exposed  which  would 
show  the  relative  ages  of  these  three  deposits ;  but  in  the  vicinity 
of  Flemington  they  are  found  in  close  proximity,  and  they  appear 
to  occur  as  follows  : — 

1st.  Hard  quartzose  conglomerate,  passing  into  a  clear  white  sili- 
ceous rock,  constantly  found  immediately  overlying  the  palaeozoic 

strata,  and  rarely  of  any  considerable  thickness. 
2nd.  Brown  and  yellow  sandstones  and  conglomerates,  containing 

numerous  fossils ;  from  50  to  200  feet  in  thickness,  and  apparently 
resting  on  No.  1 . 

*  These,  I  believe,  have  been  distinctly  recognized  as  such  by  Professor  M'Coy, who  has  made  an  examination  of  the  fossils. 
t  The  auriferous  drift  at  Bendigo,  Ballaarat,  and  Castlemaine  contains  fossil 

wood,  which  is  sometimes  found  at  a  depth  of  sixty  feet.  A  gentleman,  mining 
at  Fryer's  Creek,  found  a  bone  at  a  depth  of  eight  or  ten  feet,  which  appears  to 
belong  to  some  marsupial.  It  would  be  premature  at  present  to  speculate  on  the 
ages  of  the  auriferous  drifts.  Some  are  evidently  old — perhaps  eocene  tertiary — 
others  quite  recent. 
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3rd.  White  quartzose  drift  and  friable  sandstones. 
The  older  basalt  is  usually  much  decomposed,  and  contains  large 

and  beautiful  specimens  of  semi-opal  {hydrate  of  silica). 
The  newer  or  post-tertiary  basalt  is  quarried  extensively  for  building- 

purposes.  It  is  of  a  dark  bluish-grey  colour,  and,  when  broken,  rarely 
shows  any  signs  of  decomposition.  It  is  in  some  places  covered  with 
a  quartz- drift  and  fine  sand,  of  the  same  age,  most  probably,  as  the 
newer  auriferous  drift  which  occurs  generally  on  the  gold-fields*. 

On  the  basaltic  plains  are  found  what  are  locally  termed  "  dead 
men's  graves."  These  are  low  narrow  hillocks,  lying  close  together, 
and  really  not  very  unlike  the  mounds  of  a  cemetery.  They  are 

formed,  I  believe,  in  the  following  manner : — The  basalt  is  split  up 
into  large  blocks  by  the  shrinkage-cracks,  and,  as  the  edges  of  the 
blocks  decompose,  they  come  to  have  a  rounded  form,  the  superficial 
hillocks  answering  to  each  block,  and  the  depressions  to  the  shrinkage- 
cracks.  This  explanation  presented  itself  after  an  examination  of 
some  quarries  in  such  localities. 

The  area  occupied  by  recent  basalts  is,  at  a  low  computation, 
three  thousand  five  hundred  square  miles.  Much  of  the  country 
is  very  fine  agricultural  land,  and  some  of  the  ancient  craters  are 
well  grassed  and  beautifully  timbered.  The  flat  plains  are  gene- 

rally arid  in  summer  and  swampy  in  winter,  but  are  used  profitably 
for  feeding  cattle  and  sheep,  and,  under  good  management,  produce 
excellent  crops  of  oaten  hay. 

From  a  careful  inspection  of  a  large  extent  of  country  covered  by 
basaltic  rocks,  and  from  information  collected  from  various  sources  f , 
I  incline  to  the  opinion — 

1st.  That  the  newer  basalt  was  erupted  at  a  period  when  consi- 
derable areas,  both  north  and  south  of  the  main  coast-range,  were 

submerged  ;  but  the  appearance  of  much  of  the  basalt  shows  that 
it  must  have  cooled  rapidly,  and  not  under  very  great  pressure. 

2nd.  These  eruptions  do  not  appear  to  have  disturbed  the  "  mio- 
cene"  tertiary  beds,  which  are  generally  found  nearly  horizontal. 

3rd.  Tli at,  from  the  occurrence  near  many  extinct  volcanos  of 

porous  lava,  vesicular  basalt,  and  obsidian  J  associated  with  frag- 
ments of  white  pumice,  it  is  probable  that,  subsequently  to  the  depo- 
sition of  the  latest  tertiary  drift  (pleistocene)  which  overlies  the 

*  See  Geological  Surveyor's  Third  Report. 
t  More  especially  I  am  indebted  to  Mr.  A.  R.  C.  Selwyn,  the  Government 

Geologist,  whose  excellent  maps,  now  embracing  the  whole  of  the  county  of 
Mornington,  a  large  portion  of  the  counties  of  Evelyn,  Bourke,  Dalhousie,  and 
Talbot,  and  the  unsettled  districts  north  of  Talbot,  are  now  available ;  and,  though 
they  do  not  extend  to  the  interesting  volcanic  district  west  of  the  River  Werribee, 
they  embrace  the  chain  of  extinct  volcanos  from  the  River  Plenty  to  Mount  Aitkin. 
In  addition  to  allowing  access  to  those  maps  (in  themselves  most  valuable),  Mr. 
Selwyn  is  at  all  times  willing  to  afford  the  fullest  information,  and  freely  commu- 

nicates facts  ascertained  during  his  explorations,  even  before  he  has  had  time  to 
place  them  on  record  in  his  official  reports. 

X  Fine  specimens  of  obsidian,  with  small  fragments  of  white  pumice  adhering 
to  it,  are  found  at  Geelong.  The  best  specimens  in  my  collection  were  collected 
and  sent  to  me  by  A.  J.  Skeine,  Esq.,  District-Surveyor,  &c. 
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newer  basalt,  some  of  these  volcanos  were  active,  hut  were  not  erup- 
ting lava  in  such  large  streams  as  at  former  periods. 

4th.  That  the  volcanic  ash  and  scoriae  resting  on  the  ancient  humus 
found  at  Tower  Hill,  Mount  Leura,  and  in  the  Korangamite  district, 
belong  to  a  still  later  period,  when  the  igneous  force  was  almost 
exhausted. 

The  greatest  extent  of  country  throughout  which  the  igneous  force 
has  been  exerted  in  this  colony,  and  exerted  for  such  a  lengthened 
period — the  areas  covered  by  the  streams  of  lava,  which  are  in  some 
places  more  than  25  miles  in  length,  and  of  great  thickness — the 
occurrence  of  auriferous  deposits  around  the  great  centres  of  action 

— and  the  contiguity  of  the  extinct  cones  to  the  great  volcanic  chain 
extending  from  the  Aleutian  Islands  to  New  Zealand,  and  probably 

still  further  southwards, — all  serve  to  render  the  question  of  the  age 
of  our  most  recent  volcanic  products  one  of  the  most  interesting 
problems  in  geology ;  and,  as  a  step  in  this  direction,  the  late  dis- 

covery at  Tower  Hill  is  obviously  important. 
It  has  been  said  that  the  aboriginals  point  to  Mount  Franklyn 

{Lame-bar amuX)  as  the  spot  from  which  smoke  has  been  seen  to 
issue,  and  much  stress  has  been  laid  upon  this  fact ;  but,  though 

there  is  no  doubt  that  Mount  Franklyn  is  a  recently-extinct  volcano, 
it  is  likely  that  the  natives  have  framed  such  a  story  to  satisfy  the 
demands  of  their  interrogators.  There  is  no  evidence  within  my 
knowledge  which  would  show  that  any  hills  in  Victoria  have  been 
active  volcanic  points  within  the  historical  period.  To  say  that  the 
ancient  force  is  exhausted,  or  may  not  be  again  in  operation,  would 
be  untrue.  Slight  earthquakes  have  been  occasionally  felt ;  and  the 
settlers  speak  of  one  having  occurred  some  ten  years  ago  at  Mel- 

bourne, which  caused  a  considerable  wave  in  the  River  Yarra. 

During  a  long- continued  depression  of  the  barometer  in  September 
1855,  the  shock  of  an  earthquake  was  felt  over  a  considerable  area, 
sufficient  to  awaken  sleeping  persons,  and  to  shake  the  walls  of  un- 

stable buildings. 
We  have  proofs,  too,  throughout  the  whole  line  of  our  coast,  that 

many  parts  of  it  have  been  recently  upraised.  Large  lagoons,  now 
bordering  on  the  sea,  are  only  a  few  feet  above  the  tidal  level,  and 
their  beds  are  composed  of  clay  and  sand  containing  numerous  shells 
of  existing  marine  species, — true  post-pliocene  deposits. 

This  upheaval,  like  the  preceding  change  of  level,  when  the  older 
basalt  and  palaeozoic  strata  sank  to  receive  on  their  surface  marine 
tertiary  beds,  to  be  again  upraised  and  again  depressed,  has  been 
slow,  and  not  violent. 

It  would  be  very  interesting,  and  useful  in  a  practical  point  of 
view,  to  ascertain  whether  this  upheaval  is  still  in  progress ;  and  I 
trust,  when  a  proper  system  of  tidal  registration  is  initiated,  that 
steps  will  be  taken  to  determine  it  with  accuracy. 

VOL.   XIV.   PART  I. 
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November  18,  1857. 

Isaac  Fletcher,  Esq.,  Cockermouth ;  Edward  Saunders,  Esq., 

George  Street,  Hanover  Square ;  Joseph  Cooksey,  Esq.,  West  Brom- 
wich ;  William  Colchester,  Esq.,  Dovercourt,  Harwich  ;  and  John 
Evans,  Esq.,  Hemel  Hempstead,  were  elected  Fellows. 

The  following  communications  were  read  : — 

1.  On  the  Estuary  Sands  in  the  upper  part  o/*  Shotover  Hill. 
By  John  Phillips,  M.A.,  LL.D.,  F.R.S.,  F.G.S.,  Reader  in 
Geology  in  the  University  of  Oxford. 

[Plate  XIII.] 

1 .  From  the  earliest  days  of  geological  inquiry  in  England,  the  range 
of  Sandhills  on  the  north  side  of  the  cretaceous  basin  of  London, 

rich  in  ochre,  fuller' s-earth,  and  sands  of  many  colours,  has  been 
the  subject  of  frequent  examination.  As  early  as  1723,  Holloway  *, 
writing  to  Woodward,  traces  the  Range,  and  describes  its  geogra- 

phical relations  and  principal  products  ;  Smith,  in  1800-5,  mapped 
its  course,  identified  it,  as  he  thought,  with  the  Iron-sand  of  Wilts, 
Kent,  and  Sussex,  and  placed  it  in  his  map  (1815)  between  the  Gault 
and  the  Portland  Rocks.  Conybeare  f  took  a  lively  interest  in  the 
same  rocks,  and,  from  personal  research,  described  them  in  Shotover 

Hill,  and  through  a  considerable  tract  to  the  north-east,  referring 
them,  as  Smith  had  done,  to  the  Iron-sand,  a  group  in  which  he, 
like  Smith,  included  the  Hastings  Sands.  At  this  time,  however 

(1822), the  term  "Iron-sand"  included  portions  both  of  LowerGreen- 
sand  and  Hastings  Sands,  the  complete  distinction  between  these 
two  groups  not  being  as  yet  reached. 

2.  Dr.  Fitton,  whose  memoirs  on  the  Greensands  and  other  strata 
below  the  Chalk  have  preserved  the  honour  of  England  in  regard  to 
the  geology  of  some  parts  of  the  Secondary  rocks,  appears,  as  early  as 
1827  J,  to  have  traced  Purbeck  deposits  at  one  point  beyond  the 
northern  outcrop  of  the  chalk-hills  of  Buckinghamshire,  viz.  at 
Whitchurch,  near  Aylesbury,  where  white  fissile  calcareous  beds 
overlie  the  Portland  rocks,  and  contain  Cyclades  and  Cypridce.  He 
slightly  mentions  Shotover,  and  speaks  of  the  Portland  beds  at 
Brill  and  Garsington,  but  without  any  hint  of  Hastings  or  Purbeck 
deposits  in  these  localities. 

3.  In  the  year  1831 1  was  the  companion  of  my  great  predecessor, 
Buckland,  and  his  friend  Conybeare,  in  an  examination  of  the  strata 
in  Shotover  Hill  and  Brill  Hill.  We  traced  in  succession  the 

members  of  the  Coralline  Oolite  and  Portland  Oolite  groups,  and 
searched  in  vain  for  organic  remains  amidst  the  ochraceous  sands  of 
the  uppermost  deposits  of  these  hills. 

4.  In  1833  (Dec.  4),  Hugh  E.  Strickland,  then  beginning  to  un- 
fold those  qualities  which  so  much  endeared  him  to  his  many  friends, 

*  Phil.  Trans,  xxxii.  p.  419.  f  Geol.  Engl,  and  Wales,  pp.  136-143. 
%  Geol.  Proc.  June  1827,  i.  p.  26. 
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sent  to  Mr.  Greenough  a  notice  of  the  occurrence,  on  Shotover  Hill, 

of  imperfect  casts  of  fossils  which  he  believed  to  belong  to  the  fresh- 
water genus  Paludina.  They  were  discovered  by  one  of  my  earliest 

friends,  the  Rev.  H.  Jelly,  of  Bath,  in  a  sand-pit  on  the  brow  of  the 
hill,  much  above  the  level  of  the  Portland  rocks  *. 

Dr.  Fitton's  great  "Memoir  on  the  Strata  below  the  Chalk f"  re- 
fers to  the  same  fact,  adding,  that  the  shells  appear  to  belong  to  five 

species,  three  like  Paludina,  one  small  bivalve  like  Cyclas,  and  one 
larger  bivalve  like  TJnio  ;  but,  according  to  Dr.  Fitton,  the  speci- 

mens found  were  all  too  imperfect  to  admit  of  precise  determination, 
and  were  none  of  them  so  unlike  some  of  the  species  which  occur  in 
the  Lower  Greensand  as  absolutely  to  exclude  them  from  that 
formation  J. 

5.  In  1847  I  accompanied  Mr.  Strickland  in  a  walk  up  Shotover 
Hill ;  but  we  found  no  shells  in  the  Iron-sands,  nor  did  it  then 
appear  that  my  friend  had  much  expectation  of  adding  to  the  facts 
he  had  already  communicated.  He  must,  however,  during  the 
period  between  1847  and  1854  have  been  more  successful;  for  I 
find  in  the  Oxford  Museum  a  remarkable  specimen  of  Unio,  which 
he  discovered  not  far  from  the  summit  of  the  hill ;  and  it  is  known 

that,  in  explaining  to  his  class  the  geology  of  the  vicinity  of  Oxford, 
he  insisted  on  the  probable  freshwater  origin  of  the  Shotover  Sands, 
and  even  traced  out  in  imagination  the  course  of  the  river-action 
to  which  they  were  due. 

6.  In  1854  I  first  conducted  my  class  to  Shotover,  and  engaged 
thirty  or  forty  busy  hands  to  renew  the  search  in  the  Iron-sands.  We 
were  more  successful  than  our  predecessors,  and  have  on  this  and 
subsequent  occasions  gathered  a  few  Conchifera  and  Gasteropoda, 
and  plenty  of  coniferous  wood.  What  seem  to  be  cavities  left  by 
Cypridce  also  occur,  among  other  cavities  due  to  a  different  cause,  in 
the  ferruginous  portion  of  the  thick  mass  of  sands  and  their  clays 
which  overlie  the  Portland  Rocks  ;  but  I  cannot  say  their  recognition 
is  certain. 

In  ascending  Shotover  from  Oxford  we  meet  (see  Sections,  PI. 

XIII.  figs.  1  &  2)— 
A.  The  Oxford  Clay,  with  its  usual  characters.  This  deposit  has 

been  penetrated,  by  a  boring  for  water  at  St.  Clement's,  to  a  depth 
of  400  feet.  (Add  70  for  the  higher  beds  up  to  the  calcareous  grit.) 
The  lower  parts,  which  are  seen  but  rarely  in  the  Oxford  district, 
yield  Ammonites  calloviensis  ;  the  upper  parts,  Ammonites  verte- 
bralis.  Gryphcea  dilatata  appears  in  the  upper  half ;  and  bones 
of  Plesiosaurus  occur  both  in  the  upper  and  the  lower  parts. 

B.  Calc-grit,  or  sands  with  cherty  and  shelly  bands,  containing  the 
usual  fossils — Pinna,  Ammonites  vertebralis,  &c. 

C.  Coralline  oolite,  with  shelly  rag-beds.  In  this  tract  the  oolite  is 
superior,  the  shelly  rag  inferior. 

*  Geol.  Proc.  ii.  p.  6.  The  specimens  are  preserved  in  the  Geological  Society's Museum. 
f  Geol.  Trans.  2  ser.  iv.,  1836.  %  Memoir,  p.  275. R  2 
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Isastrsea.  Pecten  laevis,  &c. 
Cidaris.  Belemnites  abbreviatus. 
Nucleolites.  Ammonites  catena. 

Clypeus.     perarmatus. 
Lima.  Chemnitzia. 

Ostrea  gregaria.  Turbo,  &c. 

The  top  of  the  rock  is  waterworn. 

D.  Kimmeridge  Clay.  Here  only  about  100  feet  thick.  At  its 
base  are  scattered  a  few  Coprolites ;  a  few  feet  upward  we  find 

Thracia  depressa,  Gryphcea  virgula  ;  still  higher,  two  "  flats  "  of 
Ostrea  deltoidea  ;  and  at  a  height  of  15  feet  a  limestone-band, 
partly  septariate,  yielding  Rhynchonella  inconstans,  and  occasion- 

ally Pliosaurian,  Ichthyosaurian,  and  Steneosaurian  bones,  which 
also  occur  below  it. 

E.  The  Portland  Sands,  with  included  rock-bands  and  hard  nodules, 
rich  in  shells,  70  or  80  feet.  The  most  cemented  masses  of  rock 

in  the  lower  part  have  been  quarried.  The  uppermost  part  is 
green  sand ;  and  small  grains  of  silicate  of  iron  are  scattered 
through  the  whole  of  the  rock.  There  is  an  included  bed  of  clay, 
3  feet  thick.  Fossils  of  the  Portland  series  are  traced  through  the 
whole,  even  up  to  the  top,  such  as — 

Ostrea  expansa.  Cardium  dissimile. 
Trigonia  gibbosa.  Pecten  lamellosus. 
Astarte  cuneata.  Perna. 
Pholadomya.  Nerinsea. 
Trochus  giganteus.  Terebra  portlandica. 
Turritella  excavata.  Natica  elegans. 
Ammonites  triplex.  Buccinum  naticoideum. 
(No  Belemnite  is  seen.)    angulatum. 

F.  Iron-sand-and-Ochre-series  to  the  top  of  the  hill,  80  feet.  The 
whole  consists  of  yellow  and  white  sands,  varied  with  brown  and 

even  black  colour, — sandstones,  sometimes  cherty; — nodular  and 
geodic  formations  of  oxide  of  iron, — bands  of  white  clay, — and 
local  accumulations  of  ochre.  Mr.  Conybeare  presents  the  follow- 

ing section  *  : — 
Beds  of  highly  ferruginous  grit,  forming  the  summit  of  the  hill ...  6  feet. 
Grey  sand    3 
Ferruginous  concretions     1 

Yellow  sand   *    6 
Cream-coloured  loam     4 
Ochre    0  6  in. 

Clay    "1  thickness 
Ochre      J  not  given. 
Ferruginous  sands,  cherty  and  argillaceous  loams  of  a  deep  cream- 

colour      40  feet. 

Thus  above  60  feet  are  assigned  to  the  group  of  Iron-sands.  It 
is  in  the  lower  group,  which  also  contains  ochre,  that  the  shells 
occur  which  were  first  noticed  by  Mr.  Jelly.  He  found  them  about 
30  feet  above  the  Portland  Rocks ;  but  my  observations  lead  to  the 
conclusion  that  they  occur  in  all  parts  of  the  deposit,  from  the  very 

*  Geol.  of  England,  p.  139. 
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base  to  nearly  the  top  of  the  hill.  They  have,  however,  never  been 
seen  by  me  in  the  very  uppermost  sandstones,  about  20  feet  thick. 

The  layers  of  these  cherts,  sandstones,  geodes,  clays,  loam,  and 
ochre  are  very  irregular  in  extent  and  thickness,  yet  not  in  such  a 
way  as  to  suggest  more  than  gentle  current-action.  There  is  very 
little  false-bedding ;  the  layers  are  mostly  undulated,  and  the  con- 

cretionary tendency  of  the  oxide  of  iron  has  produced  ramifying  and 
geodic  masses  much  harder  than  the  rest.  The  shells  are  now  almost 

confined  to  these  hard  irony  masses,  perhaps  because  there  only  pre- 
served from  destructive  solutions.  The  white  sands  and  white  clays 

are  in  continuous  deposits,  the  latter  in  very  thin  laminae. 
The  organic  remains  hitherto  found  in  the  Upper  Sands  of  Shot- 

over,  and  especially  in  the  irony  parts  of  the  deposit,  consist  of — 

I.  Coniferous  wood  in  fragments. 

II.   Crustacea. 

Cypris  1  It  seems  to  be  recognized  in  some  of  the  minute  hollows 
which  abound  in  the  iron-bands. 

III.  Conchifera. 

1.  Unio  Stricklandii,  new  species.  Outline  transversely  ovate, 

without  posterior  sinuosity ;  beaks  depressed  ;  ligament  very  pro- 
minent ;  posterior  area  marked  by  numerous  and  regular  rugae. 

(PI.  XIII.  fig.  3.) 

It  differs  from  XI.  valdensis  in  figure  and  in  the  characters  about 
the  ligament  and  posterior  slopes.     The  beaks  are  much  eroded. 

Breadth  above  2  inches ;  length  a  little  above  half  the  breadth. 
Found  by  Mr.  Strickland  20  or  30  feet  below  the  top  of  Shotover 

Hill. 

2.  Unio  subtruncatus  ?,  Sow.,  Fitton's  Memoir,  pi.  xxi.  fig.  15. 
Shell  very  thin,  with  delicate  transverse  striae.     (PI.  XIII.  fig.  4.) 

The  shell  figured  in  Fitton's  Memoir  agrees  exactly  in  shape,  but does  not  show  the  external  surface. 

3.  Cyrena  media,  Sow.  M.  C.  pi.  527.  fig.  2  :  so  it  appears  to  me. 
(PI.  XIII.  fig.  5.) 

Other  forms  of  Conchifera  occur,  but  are  not  clearly  made  out. 

IV.   Gasteropoda. 

1.  Paludina  elongata,  Sow.  M.  C.  pi.  509.  figs.  1,  2.     Rare. 

2.  Paludina  Sussexiensis  ?,  Mantv,  Fitton's  Memoir,  pi.  xxii. 
fig.  6.     Rare.     (PI.  XIII.  fig.  6.) 

Some  specimens  are  shorter  than  the  figure,  and  have  a  little  the 
air  of  Natica. 

3.  Paludina?  subangulata,  n.  sp.  (PI.  XIII.  fig.  7.)  Ovato- 
conical,  the  volutions  slightly  angular  or  subcarinate,  and  striated 
spirally  above  the  carina,  not  below  it.     Frequent. 
The  obscure  carina  sometimes  appears  on  shells  quite  deficient  of 

spiral  striae  ;  they  are  perhaps  worn  specimens. 
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4.  Paludina  ?  Ovato-conical ;  the  volutions  very  rounded,  and 
covered  with  spiral  striae,  which  sometimes  appear  larger  and 
smaller  alternately,  and  are  crossed  by  distinct  lines  of  growth. 
(PL  XIII.  fig.  8.)     Frequent. 

This  shell  looks  as  much  like  Cyclostoma  as  any  of  the  spirally- 
threaded  Paludince  known  to  me.  The  spiral  threads  are,  in  some 
specimens,  more  prominent  about  the  middle  of  the  volution. 

There  is  a  colour-band  on  one  of  my  spiral  shells  ;  but  I  cannot 
determine  the  species. 

On  this  list  (which  omits  only  some  forms  too  imperfect  for  notice) 
it  may  be  remarked, — 1.  That  very  few  more  organic  forms  are  to  be 
expected  from  the  western  side  of  Shotover,  the  part  as  yet  chief! v 
examined  ;  for  the  specimens  include  perhaps  only  two  or  three  not 
found  by  Jelly  and  mentioned  by  Strickland  and  Fitton.  2.  That 
none  of  the  marine  forms  usual  in  Lower  Greensand  occur  in  it. 

3.  That,  while  the  general  analogy  is  to  estuarine  and  freshwater 
species,  and  while  some  of  the  species  seem  to  be  either  the  same 

or  very  nearly  the  same  as  known  Mid- Weal  den  types,  there  are 
characters  in  some  of  the  spiral  shells  worthy  of  remark,  as  tending 
perhaps  towards  Littorina  as  much  as  to  Paludina. 

Admitting,  on  the  evidence  which  has  been  adduced,  that  the 

Iron-sands  of  Shotover,  nearly  to  the  top,  were  accumulated  under 
the  influence  of  river-currents,  which  scattered  the  remains  of  fresh- 

water organic  life  among  them,  we  find  this  conclusion  strengthened 
by  the  facts,  that  at  Combe  Wood,  a  little  farther  to  the  south-east  of 

Shotover,  these  sands  cover  a  Purbeck  deposit, — "Malm,"  with 
Paludina  elongata  and  another  species,  Planorbisl,  two  species  of 

Mytilus,  Modiola,  and  Cypris.     Below  is  the  Portland-rock. 
Similar  facts  occur  at  Garsington,  near  Oxford,  and  at  Stone  and 

Whitchurch  in  Buckinghamshire. 
The  sands  on  the  Hill  of  Stone,  near  Aylesbury,  are  principally  of 

the  same  type  as  those  of  Shotover ;  they  rest  on  Purbeck  clays,  and 

"Malm"  or  "Retch,"  which  cover  the  Portland.  Thus  the  Iron-sand 
of  Shotover  is  connected  with  the  more  extensive  deposits  of  Buck- 

inghamshire and  Bedfordshire ;  and  the  ancient  generalization  of 

Holloway,  who  united  in  one  deposit  the  sands,  ochres,  and  fuller' s- 
earth  of  Woburn  and  Shotover,  is  confirmed. 

Smith,  who  regarded  these  sands  as  of  the  same  great  group  as 

the  Hastings  Sands — in  this  agreeing  with  Conybeare — records  the 
occurrence,  at  Steppingley  Park,  near  Woburn,  of  Gault  over  the 
sands,  and  containing  its  characteristic  Ammonites.  Thus  we  find 

the  "  Iron  Sands  "  to  be  inferior  to  Gault,  and  superior  to  Purbeck 
beds  ;  they  may  at  present,  with  much  probability,  be  referred  to  the 
Hastings  Sands ;  it  is,  however,  possible  that  they  may  be  an  estuarine 
deposit  of  the  Lower  Greensand  age.  Gault  with  characteristic 
Ammonites,  Belemnites,  Nuculce,  &c,  occurs  at  Culham,  a  few  miles 

south-west  of  Shotover.  It  is  there  separated  by  only  eight  feet  of 
Greensand  (whose  geological  data  are  not  yet  certainly  determined) 
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from  Kimmeridge  Clay  well  characterized  by  fossils.  On  the  Kim- 
meridge  Clay,  about  a  mile  to  the  north-east,  Iron-sands  are  seen  to 
rest ;  a  little  further,  in  the  same  direction,  Portland-beds  come  be- 

tween the  Kimmeridge  Clay  and  the  Iron-sands,  and  the  series  of 
Shotover  is  complete.  In  the  district  between  Swindon  and  Ayles- 

bury the  strata  between  Oxford  Clay  and  Gault  are  subject  to  irre- 
gularity of  thickness  and  local  discontinuity  ;  in  a  general  sense  they 

may  be  said  to  overlap  to  the  north-east,  in  which  direction  the 
Calc-grit,  Oxford  Oolite,  Kimmeridge  Clay,  and  Portland-rock  dis- 

appear one  by  one,  but  the  Iron-sands  are  continuous.  It  is  to  be 
hoped  that  the  Geological  Survey,  in  its  progress  to  the  north-east, 
will  furnish  new  data,  and  especially  additional  evidence  from  organic 
remains,  for  the  determination  of  the  physical  condition  of  this  region 
in  the  later  Oolitic  period.  I  regard  it,  however,  as  certain,  that 

much  of  the  so-called  "  Iron-sand  "  on  the  northern  outcrop  of  the 
London  Basin  must  be  ranked  among  estuarine  deposits. 

EXPLANATION  OF  PLATE  XIII. 

Fig.  1.  Vertical  section  of  the  strata  in  Shotover  Hill. 
Fig.  2.  Section  from  Oxford  to  Shotover  Hill. 
Fig.  3.  Unio  Stricklandii,  Phillips.     [The  lighter  tint  indicates  the  restored  por- 

tions at  the  extremities.] 
Fig.  4.  Unio  subtruncatus  (?),  Sowerby. 
Fig.  5.  Cyrena  media,  Sowerby:  a,  oblique  view,  enlarged;  b,  side-view,  nat.  size. 
Fig.  6.  Paludina  Sussexiensis  (?),  Sowerby. 
Fig.  7.  Paludina  (?)  suhangulata,  Phillips. 
Fig.  8.  Paludina  ? 

2.  On  the  Palaeozoic  Rocks  and  Fossils  of  the  State  of  New 
York.  Part  I.  The  Miner alogical  and  Palceontological  Cha- 

racters of  the  Strata.     By  J.  J.  Bigsby,  M.D.,  F.G.S. 

[This  communication  is  printed  further  on.] 

December  2,  1857. 

SPECIAL  GENERAL  MEETING. 

A  proposition  for  the  alteration  of  the  Bye-Laws  respecting  the 
Admission-fees  and  Contributions  to  be  paid  by  future  Fellows 
having  been  proposed  and  seconded,  and  an  Amendment,  to  the  effect 
of  postponing  the  consideration  of  the  proposition  for  twelve  months, 
having  then  been  proposed  and  seconded,  a  ballot  was  taken,  and  the 
President  announced  that  the  Amendment  was  carried. 

ORDINARY  MEETING. 

James  Buss,  Esq.,  Canonbury  Park  ;  John  Mansell,  Esq.,  Dorset- 
shire; Edward  Meryon,  M.D.,Clarges  Street;  Major  Anthony  Charles 

Cooke,  R.E.,  Ordnance  Survey  Office, Perth;  James Templeton,  Esq., 

St.  David's  Hill,  Exeter ;  and  Christopher  Lonsdale  Bradley,  Esq., 
Prior  House,  Richmond,  Yorkshire,  were  elected  Fellows. 
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The  following  communication  was  read  : — 

On  some  Peculiarities  in  the  Microscopical  Structure  of 
Crystals,  applicable  to  the  Determination  of  the  Aqueous  or 
Igneous  Origin  of  Minerals  and  Rocks.  By  H.  C.  Sorby, 
Esq.,  F.R.S.,  F.G.S. 

[The  publication  of  this  Paper  is  unavoidably  postponed.] 

(Abstract.) 

In  this  paper  the  author  showed,  that  when  artificial  crystals  are 
examined  with  the  microscope,  it  is  seen  that  they  have  often  caught 
up  and  enclosed  within  their  solid  substance  portions  of  the  mate- 

rial surrounding  them  at  the  time  when  they  were  being  formed. 
Thus,  if  they  are  produced  by  sublimation,  small  portions  of  air  or 
vapour  are  caught  up,  so  as  to  form  apparently  empty  cavities  ;  or, 
if  they  are  deposited  from  solution  in  water,  small  quantities  of  water 

are. enclosed,  so  as  to  form  fluid-cavities.  In  a  similar  manner,  if 
crystals  are  formed  from  a  state  of  igneous  fusion,  crystallizing  out 
from  a  fused-stone  solvent,  portions  of  this  fused  stone  become 
entangled,  which,  on  cooling,  remain  in  a  glassy  condition,  or  become 

stony,  so  as  to  produce  what  may  be  called  glass-  or  stone-cavities. 
Applying  the  general  principles  resulting  from  his  examination  of 

these  phenomena  to  the  study  of  natural  crystalline  minerals  and 
rocks,  the  author  showed  that  the  fluid- cavities  in  rock-salt,  calc- 
spar,  gypsum,  and  some  other  minerals  usually  indicate  that  these 
minerals  were  formed  by  deposition  from  solution  in  water  at  a  tem- 

perature not  materially  different  from  the  ordinary ;  also  that  the 
constituent  minerals  of  mica-schist  and  the  associated  rocks  contain 

many  fluid-cavities,  indicating  that  they  have  been  metamorphosed 
by  the  action  of  heated  water,  and  not  by  mere  dry  heat  and  partial 
fusion. 

From  the  study  of  the  stone-  and  glass-cavities  in  slags  and  lavas, 
and  from  the  examination  of  the  microscopic  characters  of  quartz- 
veins  and  felspar,  which  contain  both  fluid-  and  stone-cavities,  the 
author  arrived  at  the  conclusion  that  granite  is  not  a  simple  igneous 

rock,  like  a  furnace-slag,  or  erupted  lava,  but  is  rather  an  aqueo- 
igneovs  rock,  produced  by  the  combined  influence  of  liquid  water  and 
igneous  fusion,  under  similar  physical  conditions  to  those  existing 
far  below  the  surface  at  the  base  of  modern  volcanos. 

December  16,  1857. 

Charles  Wright,  Esq.,  Wigan ;  John  W.  Woodhall,  Esq.,  Scar- 
borough ;  and  Dr.  Eugene  Francfort,  Clapham  Road,  were  elected 

Fellows.  Dr.  H.  Abich,  St.  Petersburgh,  was  elected  a  Foreign 
Member. 

The  following;  communications  were  read  : — 
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I.   On  a  remarkable  Specimen  of  Neuropteris  ;  with  Remarks 
on  the  Genus.     By  C.  J.  F.  Bunbury,  Esq.,  F.R.S.,  F.G.S. 

The  rarity,  in  a  fossil  state,  of  the  young  unexpanded"  or  half- 
expanded  fronds  of  Ferns  has  been  remarked  by  more  than  one 

botanist.  Fern-fronds  in  that  early  stage  of  development  are  very 
easily  recognized  by  the  peculiar  and  beautiful  manner  in  which  they 
are  rolled  up,  forming  a  spiral  carve,  like  the  head  of  a  crosier. 
This  circinate  vernation,  as  it  is  called,  appears  to  be  universal  in  all 
Ferns,  with  the  exception  of  the  small  tribe  of  Ophioglossacece ;  and, 
in  those  numerous  kinds  which  have  perennial  or  evergreen  foliage, 
fronds  in  this  state  may  be  observed  at  most  seasons  of  the  year. 
Their  rarity  as  fossils  is  therefore  rather  remarkable.  That  they  do 

occur  is  evidence,  as  Dr.  Hooker  observes  *,  "  that  the  evolution  of 

the  fronds  followed  the  same  law  then  as  now."  Adolphe  Brongniart 
has  figured,  in  his  great  workf,  a  fine  specimen  of  such  a  circinate 
frond  belonging  to  Pecopteris  Miltoni  ;  two  are  represented  in  Gop- 

pert's  '  Sy sterna  Filicum  Fossilium'  J,  and  one  in  Geinitz's  beautiful 
work  on  the  Coal-formation  of  Saxony  §.  But  all  these  belong  to 
the  genus  Pecopteris ;  I  am  not  aware  that  a  similar  state  of  any 
Neuropteris  has  yet  been  recorded.  I  therefore  wish  to  lay  before 
the  Society  a  description  and  drawing  of  a  specimen  in  my  own  col- 

lection, which  may  perhaps  contribute  to  settle  our  notions  of  the 
true  affinities  of  that  genus. 

Uptper  portion  of  a  Young  Frond  of  Neuropteris  from  near  Oldham, 
Lancashire. 

a.  The  crosier-like  frond,  terminal  part.  b.  Outline  of  a  leaflet. 

*  Memoirs  Geol.  Survey,  vol.  ii.  part  2. 
t  Histoire  des  Vegetaux  Foss.  pi.  114.  fig.  1. 
X  PI.  36.  fig.  8.  §  PL  8.  fig.  10. 
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The  specimen  was  procured  from  Glodwick  Colliery,  near  Oldham, 
in  Lancashire,  and  formed  part  of  a  set  of  fossils  sent  to  me  by  Mr. 
Wright,  at  the  request  of  Mr.  Horner.  The  material  is  a  dark- 
coloured,  hardened,  ferruginous  clay,  very  slightly  schistose.  The 
frond  in  question  is  unfortunately  (as  almost  always  happens)  incom- 

plete, the  lower  part  of  the  stalk  being  broken  away  ;  but  otherwise 
its  state  of  preservation  appears  to  be  as  perfect  as  that  of  any  speci- 

men of  the  kind  hitherto  noticed.  We  see  the  rhachis  or  main  stalk 

of  the  frond  exhibiting  the  graceful  crosier-like  curve  so  characteristic 
of  the  young  fronds  of  Ferns ;  and  the  leaflets,  regularly  ranged 
along  its  concave  side,  successively  overlapping  one  another  from  below 
upwards,  and  becoming  progressively  smaller  and  more  crowded 
towards  the  extremity  of  the  fragment.  Their  veins,  which  are  well 
preserved,  and  as  much  as  can  be  seen  of  their  outline,  in  particular  the 
shape  of  their  base,  agree  with  those  of  the  numerous  leaflets  of 
Neuropteris  which  are  scattered  through  the  same  stone.  The 
species  appears  to  be  Neuropteris  gigantea,  Ad.  Br.,  or  a  variety  of 
it.  The  N.  gig  ant  ea,  indeed,  in  the  most  complete  specimens,  shows 
a  doubly  pinnated  frond,  whereas  this  fragment  is  merely  once  pin- 

nated ;  but  it  may  be  only  a  portion  of  a  frond ;  and,  besides,  it  is 
not  very  uncommon  to  find  the  same  Fern  varying  with  pinnate  and 
bipinnate  fronds,  as  is  the  case  for  instance  with  Pteris  kastata,  Swartz, 
Gymnogramme  tomentosa,  and  some  Adiantums.  The  rhachis  of  the 
specimen  is  not  so  well  preserved  as  the  leaflets,  but  appears  to  have 
been  hairy.  This  specimen  is,  I  think,  interesting,  as  affording  a 
strong  confirmation  of  the  opinion  that  the  fossil  Neuropterides  were 
true  Ferns.  Some  have  been  tempted  to  doubt  this,  because  of  the 
constant  absence  of  their  fructification, — a  fact  certainly  remarkable, 
when  we  consider  the  abundance  of  their  fronds  in  many  coal-fields. 
But,  in  addition  to  their  venation  and  form,  which  are  truly  those  of 
Ferns,  we  now  find  that  they  have  the  very  remarkable  and  charac- 

teristic vernation  of  that  order.  Let  the  specimen  here  described  be 
compared,  in  particular,  with  the  young  frond  of  Nephrolepis  exal- 
tata,  Presl  (Aspidium  exaltatum,  Swartz)  ;  it  will  be  found  that  the 
position  of  the  young  leaflets  relatively  to  one  another  and  to  the 
stalk  is  almost  precisely  the  same. 

This  character  shows,  I  think,  conclusively,  that  Neuropteris  has 
nothing  to  do  with  the  Coniferous  order,  in  which  there  is  never  any 
approach  to  a  circinate  vernation.  Even  in  Salisburia,  the  leaves  of 
which  are  in  form  and  veining  so  much  like  those  of  Ferns,  their 
arrangement  in  the  young  state  is  quite  different :  their  lobes  are 
folded  together,  and  somewhat  rolled  inwards ;  but  they  are  erect 
from  the  first,  without  the  least  curvature  of  the  stalk.  The  only 

phanerogamous  plants  that  resemble  Ferns*  in  the  vernation  of  their 
leaves,  are  some  Cycadecef  ;  and  in  the  absence  of  fructification  it  is 

*  Perhaps  I  ought  to  except  the  genus  Drosera,  in  which  also  the  leaves  are 
truly  circinate  in  vernation ;  but,  as  they  are  otherwise  totally  unlike  Ferns,  and 
can  never  be  confounded  with  them,  they  do  not  enter  into  this  comparison. 

t  The  Cycadea  are  described,  at  least,  as  having  circinate  vernation ;  but  Dr. 
Hooker  informs  me  that  this  character  is  not  constant  in  the  family.  I  have  not 
myself  had  much  opportunity  of  observing  them  in  a  living  state. 
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certainly  not  very  easy  to  prove  positively  that  the  Neuropterids 
may  not  belong  to  that  family.  The  leaves  of  Cycads  have  generally, 
indeed,  simple  veins  ;  but  in  those  of  Ceratozamia  Mexicana  the 
veins  are  occasionally,  though  not  generally,  dichotomous.  In  the 
curious  and  anomalous  Stangeria,  a  true  Cycad,  the  leaves  have  so 
perfectly  the  characters  of  Ferns,  that  the  plant  was  originally  taken 
for  a  Lomaria,  the  veining  and  other  characters  of  the  leaves  being 
exactly  those  of  that  genus.  If  the  leaves  of  the  Stangeria  had  been 
found  fossil,  in  the  imperfect  state  in  which  fossil  plants  generally 
occur,  it  would,  I  believe,  have  been  impossible  to  show  that  they  did 
not  belong  to  a  Fern.  The  leaves  of  all  known  Cycads,  however, 
are  simply  pinnated,  whereas  those  of  the  Neuropterids,  in  all  cases 
where  they  are  pretty  completely  known,  are  doubly  pinnated.  In 
their  apparent  texture,  moreover,  in  the  characters  of  the  leaf-stalks, 
in  the  variations  of  form  of  the  leaflets  in  different  parts  of  the  frond, 
and  in  their  whole  appearance,  the  Neuropterids  of  the  Coal-measures 
are  so  completely  Ferns,  that,  in  the  absence  of  any  evidence  to  the 
contrary,  we  may  safely  consider  them  as  such ;  and  I  have  little 
doubt  that  their  fructification  will  in  time  be  found  to  confirm  this 
conclusion. 

If  we  inquire  to  what  recent  Ferns  the  fossil  genus  Neuropteris 
was  most  nearly  allied,  we  shall  hardly,  I  fear,  arrive  at  any  very 
certain  conclusion.  The  older  writers  compared  the  commonest  Coal- 
measure  species  to  Osmunda  regalis,  but  merely  because  of  a  general 
vague  resemblance.  A  venation  nearly  approaching  to  that  charac- 

teristic of  Neuropteris  is  seen  in  the  Pteris  hastata,  Swartz  {Allosorus 
hastatus,  Presl),  and  some  nearly  allied  species.  These  Ferns  have 
also  a  general  resemblance  in  form  to  many  species  of  Neuropteris, 
and  particularly  in  the  great  differences  of  outline  and  form  in  differ- 

ent leaflets  of  the  same  frond.  But  a  similar  veining  occurs  in  some 
of  the  broad  pinnuled  species  of  Gymnogramme,  such  as  G.  tomentosa, 
Ferns  widely  different  in  their  fructification  from  Allosorus.  Again, 
while  Allosorus  hastatus  and  A.  flexuosus  have  nearly  the  venation  of 
Neuropteris,  Allosorus  calomelanos  (a  very  near  ally  of  these  two 
species)  would,  if  found  fossil,  be  referred  to  Cyclopteris.  The 
veins,  in  fact,  afford  but  slippery  characters,  although  the  best  that 
are  generally  within  our  reach,  for  the  arrangement  of  fossil  Ferns. 
We  know,  moreover,  that  in  those  cases  where  the  fructification  of 
fossil  Ferns  has  been  found  in  a  good  state,  it  has  often  indicated 
affinities  quite  different  from  those  which  would  have  been  inferred 
from  the  veins  or  the  outline.  Thus,  the  Alethopteris  aquilina  has 
a  striking  resemblance  in  form  and  venation  to  some  species  of  Pteris, 
yet  its  fructification,  as  shown  by  Geinitz,  seems  to  place  it  in  quite 
a  different  tribe  of  Ferns,  namely  the  Gleicheniacece.  Again,  the 
Pecopteris  exilis,  Ph.,  with  the  aspect  of  some  small  Polypodium  or 
Nephrodium,  has  (as  I  have  elsewhere  shown)  the  peculiar  spore-cases 
characteristic  of  the  Schizceacece* .  I  should  not,  therefore,  be  sur- 

prised to  find  that  the  Neuropterids  differ  considerably  in  their  real 

*  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  188. 
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affinity  from  those  recent  Ferns  to  which  they  have  most  likeness  in 
outline  and  veining. 

I  have  scarcely  seen  a  genuine  Neuropteris  from  any  formation 
more  recent  than  the  Triassic  age.  The  beautiful  and  curious  fern 

from  the  coal-field  of  Richmond,  Virginia,  which  I  described  *  under 
the  name  of  Neuropteris  linncecefolia,  can  hardly  be  considered  as 
properly  belonging  to  this  genus  ;  its  leaflets  have  no  trace  of  midrib, 
nor  has  it  the  general  appearance  of  a  Neuropteris.  It  agrees  better 
with  the  technical  characters  of  Cyclopteris  or  Adiantites ;  but  it 
appears  to  have  no  very  close  natural  affinity  to  any  other  fossil  Fern 
yet  known,  and  will  probably  hereafter  form  the  type  of  a  new  genus. 
With  respect  to  the  age  of  the  deposit  in  which  it  was  discovered,  I 
learn  from  Sir  Charles  Lyell  that  the  most  recent  observations  tend 

to  refer  the  Richmond  coal-field  to  the  Keuper  rather  than  to  any 
member  of  the  Jurassic  series. 

The  Neuropteris  ligata,  and  N.  recentior  of  the  "  Fossil  Flora," 
from  the  Jurassic  strata  of  Scarborough,  have  evidently  nothing  to 
do  with  this  genus,  but  were  very  properly  referred  by  Professor 
Phillips  to  Pecopteris.  Indeed  the  N.  ligata  is  identical  with  Pe- 
copteris  denticulata,  Ad.  Br.  The  Neuropteris  lobifolia,  Ph.  (N. 
undulata,  L.  and  H.)  is  more  ambiguous  in  its  characters,  and  may 

fairly  enough  be  referred  to  this  genus.  It  cannot,  however,  be  con- 
sidered by  any  means  as  a  characteristic  Neuropteris. 

In  saying  that  I  do  not  know  of  any  well-characterized  Neuro- 
pteris from  a  formation  later  than  the  Trias,  I  purposely  leave  out 

of  the  question  the  enigmatical  Anthracitic  formation  of  the  Alps, 
which  many  geologists  refer  to  the  Liassic  period.  It  contains 
several  forms  of  Neuropteris,  to  all  appearance  identical  with  those 
of  the  Coal-formation.  If  really  Jurassic,  it  is  altogether  ano- 

malous and  exceptional  in  its  palseobotanical  characters.  Since  my 

paper  j*  on  the  subject  was  read  before  this  Society,  I  have  had  the 
opportunity  of  examining  some  additional  specimens  from  this  Alpine 
Anthracite  deposit,  and  from  a  different  locality  %  ;  and  I  must  still 

say  of  them  as  I  said  before,  that  all  which  are  in  a  fit  state  for  ex- 
mination  belong  to  forms  elsewhere  characteristic  of  the  Coal,  while 
there  is  an  entire  absence  of  all  the  characteristic  Jurassic  forms. 

Professor  Heer,  after  a  careful  examination  of  very  ample  materials, 
came  to  the  same  conclusions  § .  Until  this  anomaly  be  satisfactorily 
explained,  it  is  evident  that  we  cannot  safely  rely  on  fossil  plants  as 
certain  indications  of  the  age  of  any  formation. 

The  five  beautiful  and  rare  species  of  Neuropteris  discovered  in 

the  Gres  bigarre  of  the  Vosges  (see  Schimper  and  Mougeot's  Mono- 
graph, plates  36-39),  agree  perfectly  with  the  artificial  characters 

of  the  genus,  though  they  may,  not  improbably,  be  considerably 
removed  in  natural  affinity  from  the  Carboniferous  kinds  || . 

*  Op.  cit.  vol.  iii.  p.  281.  f  See  Quart.  Journ.  Geol.  Soc.  vol.  v.  p.  130. 
%  Namely,  from  Mont  de  Lans,  in  the  Department  of  the  Isere.  The  specimens 

were  shown  to  me  by  Dr.  Ewald,  at  Berlin. 
§  See  his  excellent  paper  on  this  subject,  translated  in  Quart.  Journ.  Geol. 

Soc.  vol.  vii.  2nd  part,  p.  91. 
||  Schimper  and  Mougeot,  Monogr.  p.  76. 
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I  will  conclude  with  a  few  remarks  on  some  of  the  species  of  Neu- 
ropteris.  But  first  I  must  observe  that  the  number  of  described 
species  is  probably  much  too  great,  and  that  the  greater  proportion 
of  them  would  probably  be  found,  if  completely  known,  to  be  varia- 

tions or  modifications  of  a  few  real  specific  types.  Many  of  them 
have  been  described  from  very  imperfect  specimens,  often  indeed 
mere  fragments.  Now  in  those  kinds  of  Neuropteris  which  are  best 
known,  we  see  that  (as  in  very  many  recent  Ferns)  the  size,  outline, 
and  position  of  the  leaflets  vary  very  much  in  different  parts  of  the 
same  frond.  In  some  of  those  recent  Ferns  which  I  have  compared 
with  them,  we  see  a  remarkable  degree  of  variation,  both  in  the  same 
frond,  and  in  different  fronds  from  the  same  root.  In  making  use, 
therefore,  of  such  imperfect  materials  as  we  most  often  have  before 
us  in  the  case  of  fossil  plants,  we  are  exceedingly  liable  to  create  false 
species,  and  to  describe  under  several  distinct  names  different  frag- 

ments which  may  even  have  grown  originally  from  one  root.  I  doubt 
whether  any  judicious  botanist  would  venture  to  establish  new  species 
of  recent  plants  from  materials  so  scanty  as  those  on  which  very 
many  fossil  species  have  been  founded. 

I  may  take  this  opportunity  of  observing  that  my  Odontopteris 

subcuneata  *  is  probably  the  terminal  portion  of  the  frond  of  some 
large  Neuropteris,  though  I  cannot  positively  assign  it  to  any  de- 

scribed species ;  at  any  rate,  a  species  ought  not  to  be  founded  on 
so  imperfect  a  fragment  as  the  only  one  I  have  seen  of  this  supposed 
Odontopteris.  In  the  absence  of  a  midrib,  it  resembles  the  Neuro- 

pteris auriculata,  a  plant  the  extreme  variableness  of  which  has  been 
well  shown  by  Geinitzf.  This  author  has  pointed  out,  that  some  of 
the  many  various  forms  of  leaflets  belonging  to  that  species  have 
been  described  as  belonging  to  the  genus  Cyclopteris.  In  like  man- 

ner the  round  lateral  leaflets  of  Neuropteris  cor  data,  which  I  have 

figured  £  from  Cape  Breton  specimens,  have  altogether  the  charac- 
ters of  Cyclopteris. 

Those  common  Ferns  of  the  Coal-measures  which  have  generally 
been  referred  to  Cyclopteris  {Cyclopteris  obliqua,  C.  orbicularis,  C. 
dilatata,  and  some  others),  and  of  which  Brongniart  has  formed  his 
genus  Nephropteris,  are  most  probably,  as  that  author  has  remarked, 
young  or  anomalous  fronds  of  different  species  of  Neuropteris,  ana- 

logous to  the  barren  fronds  of  the  recent  genus  Platycerium. 
1 .  Neuropteris  gigantea,  Ad.  Brongn.  I  believe-  the  N.  Martini 

of  Goeppert  (the  Phytolithus  Osmundce  regalis  of  Martin)  to  be 
identical  with  this  species,  which  is  one  of  the  most  common  in  the 
Derbyshire  coal-field.  Among  the  specimens  received  from  Mr. 
Wright,  from  Oldham,  Lancashire,  I  find  a  variety  (as  I  believe  it) 
of  N.  gigantea,  having  the  leaflets  remarkably  curved  upwards, 
almost  hooked,  or  what  botanists  call  scimitar-shaped.  It  occurs 
intermixed  with  the  common  form,  with  which  it  agrees  in  all  other 
characters  that  can  be  observed.  I  call  it  Neuropteris  gigantea, 
YBX.falcata. 

*  Quart.  Journ.  Geol.  Soc.  vol.  iii.  p.  427.  f  Steinkohl.  in  Sachsen,  p.  21. 
t  Quart.  Journ.  Geol.  Soc.  vol.  iii.  pi.  21.  fig.  1  A  and  1  B. 
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2.  Neuropteris  Jlexuosa,  Ad.  Brongn.  After  the  examination  of  a 
great  number  of  specimens  of  this,  from  Somersetshire,  Savoy,  Spain, 
Pennsylvania,  and  Cape  Breton,  I  am  unable  to  satisfy  myself  whether 
it  be  permanently  distinct  from  N.  gigantea.  They  are  indeed  in 
general  easily  enough  distinguished  by  the  form  of  the  base  of  the 
leaflets,  which  in  N. Jlexuosa  is  more  oblique  and  less  symmetrical  than 
in  the  other,  with  its  lower  margin  extended  into  a  decided  angle  or 
auricle,  while  the  upper  one  is  rounded  off.  The  wavy  main  stalk  is 
also  a  usual  characteristic  of  N.Jlexuosa.  But  both  these  characters 
vary  in  degree,  and  I  have  seen  specimens  in  which  they  are  quite 
ambiguous.  The  character  on  which  Brongniart  lays  so  much  stress, 

that  of  the  closely-placed  overlapping  leaflets,  is  (as  I  long  since 
remarked)  by  no  means  constant.  Whether  the  N.  gigantea  and  N. 
Jlexuosa  be  truly  distinct  or  not,  they  seem  to  have  inhabited  differ- 

ent localities,  for  I  am  not  aware  that  I  have  in  any  case  seen  well- 
characterized  specimens  of  both  from  the  same  coal-field.  As  they 
may  in  general  be  pretty  easily  distinguished,  though  intermediate 
forms  do  now  and  then  occur,  it  will  be  convenient  for  the  present 
to  keep  them  separate. 

M.  de  Verneuil  lately  showed  me  specimens  of  N.  jlexuosa  from 
the  province  of  Palencia  (in  the  kingdom  of  Leon),  Spain.  It  seems 
to  be  most  abundant  in  the  coal-mines  of  North  America.  The  only 
well-characterized  British  specimens  that  I  have  seen  are  from  the 
Somersetshire  coal-field,  and  from  that  of  Pembrokeshire ;  while,  on 
the  other  hand,  the  N.  gigantea  seems  to  abound  particularly  in  the 
Midland  coal-fields  of  England. 

3.  Neuropteris  rotundifolia,  Ad.  Brongn.  I  cannot  but  believe 
this  to  be  a  mere  variety  of  N.  Jlexuosa,  as  I  have  seen  on  the  very 
same  fragment  leaflets  corresponding  with  the  characters  of  both. 
The  analogy  of  innumerable  instances  among  recent  Ferns  (ofPteris 
rotundifolia,  Swartz,  for  one)  shows  us  how  little  importance  ought 
to  be  attached  to  such  variations  in  the  outline  of  the  leaflets  as  those 

on  which  the  distinction  of  these  two  species  is  founded.  At  any 
rate,  the  N.  rotundifolia  is  much  too  doubtful  a  species  to  be  of  any 
value  as  a  geological  characteristic.  Nor,  with  respect  to  locality,  is 
it  peculiar  to  the  Calvados ;  there  is  a  good  specimen  of  it  from 
Northumberland,  in  the  museum  of  this  Society. 

4.  Neuropteris  rarinervis,  C.  Bunbury  (Quart.  Journ.  Geol.  Soc. 
vol.  iii.  p.  425.). 

I  suspect  that  this  species  is  not  uncommon,  and  that  it  has  often 
been  confounded  with  N.  tenuifolia.  The  two  are  certainly  much 
alike  ;  but,  if  we  may  trust  to  the  figure  and  specific  character  of  N. 

tenuifolia  in  Brongniart' s  great  work,  they  differ  materially  in  their 
veining.  Some  of  the  specimens  labeled  N.  tenuifolia  in  the  Society's 
collection,  namely  those  from  Merthyr  Tydvil,  seem  rather  to  belong 
to  N.  rarinervis ;  and  I  am  inclined  to  refer  to  the  same  species  some 
fragments  that  I  possess  from  the  district  of  Osnabriick.  If  this 
plant  be  compared  on  the  one  hand  with  N.  tenuifolia,  and  on  the  other 
with  the  Pecopteris  (Cladophlebis)  pteroides,  we  shall  see  how  they 
connect  together  the  two  artificial  genera  Neuropteris  and  Pecopteris, 
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and  how  difficult  it  is  to  draw  a  line  of  distinction  between  the  two. 

Neuropteris  rarinervis  has  perfectly  the  general  aspect  of  a  Neuro- 
pteris ;  indeed,  if  the  difference  of  its  veins  were  overlooked,  it  might 
easily  be  taken  for  a  variety  of  N.  Jlexuosa,  with  smaller  leaflets  than 

usual.  Cladophlebis  pteroides  has  more  the  appearance  of  a  Peco- 
pteris  ;  yet  in  venation  the  two  agree  almost  exactly. 

5.  Neuropteris  Loshii,  Ad.  Brongn.  The  plant  from  Felling 

Colliery,  figured  as  N.  Loshii  in  Lindley  and  Hutton's  *  Fossil  Flora,' 
is  separated  by  Sternberg  and  Goeppert  under  the  name  of  N.  Lind- 

ley ana  ;  chiefly,  it  would  seem,  because  its  leaflets  are  not  cordate  at 
the  base.  Considering  how  variable  a  character  this  is  in  recent 
Ferns,  I  cannot  think  it  a  sufficient  ground  of  distinction  in  this 

instance  ;  and  I  have  little  doubt  that  Lindley  and  Hutton's  plant 
was  rightly  referred  to  N  Loshii,  which  seems  to  be  a  widely-spread 
fossil  Fern,  very  abundant  in  the  coal-fields  of  the  Midland  counties 
of  England. 

Neuropteris  Loshii  is  found  also  in  the  Permian  system,  namely, 
in  the  red  sandstone  (Rothliegendes)  of  Saxony ;  there  are  fine  spe- 

cimens of  it  from  that  formation  in  the  museum  at  Dresden,  some  of 

them  showing,  more  satisfactorily  than  any  others  that  I  have  seen, 
how  very  distinct  it  is  from  the  N.  heterophylla. 

Gutbier  and  Geinitz,  in  their  work  on  the  Permian  fossils  of  Sax- 

ony, have  noticed  and  figured  *  specimens  of  N.  Loshii,  showing  what 
they  consider  as  appearances  of  fructification ;  but  there  is  so  much 
irregularity  in  the  position  of  these  markings,  that  I  cannot  help 
doubting  whether  they  are  really  of  that  nature. 

2.  On  the  Boring  through  the  Chalk  at  Harwich. 
By  Joseph  Prestwich,  Esq.,  F.R.S.,  Treas.  G.S. 

Owing  to  the  insufficient  supply  and  indifferent  quality  of  the  water 
at  Harwich,  several  attempts  have  from  time  to  time  been  made  to 
improve  that  supply  by  means  of  deep  wells  in  the  Tertiary  sands 
and  the  Chalk.  None  of  these  having  been  attended  with  the  desired 
success,  although  in  1824  and  1826  two  borings  were  carried  down 
to  a  depth  of  293  feet  and  192  feet  in  the  Chalk,  a  public  work  of 
great  spirit  has  lately  been  undertaken  under  the  superintendence  of 
Mr.  Peter  Bruff,  C.E.,  to  bore  deep  into,  and,  if  necessary,  through  the 
Chalk.  I  saw  this  well  in  August  1856.  It  had  not  then  traversed 
the  Chalk.  In  November  last,  however,  the  Rev.  J.  H.  Marsden 

informed  our  Assistant- Secretary  that  the  boring  had  been  success- 
fully f  carried  through  the  Chalk,  Upper  Greensand,  and  Gault,  and 

that  immediately  beneath  the  latter  a  "black  rock"  had  been  found, 
of  which  he  sent  up  a  specimen.  Mr.  Marsden  shortly  afterwards 
favoured  us  with  the  following  section  (Column  2),  on  which,  as  the 
geological  results  are  so  curious  and  important,  I  purpose  making  a 

*  Verst.  Perm.  Sachs,  pi.  4.  fig.  2. 
t  So  far  as  the  work  was  concerned,  but  without,  I  regret  to  say,  having  at 

present  found  a  supply  of  water. 
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few  remarks,  as  well  as  on  a  suite  of  specimens  which  Mr.  Bruff 
kindly  submitted  for  examination. 

The  well,  which  is  situated  near  the  Pier  and  a  few  feet  only  above 
the  level  of  the  river,  was  commenced  in  July  1854,  and  in  May  1857 
had  reached  its  present  great  depth. 

Drift      25    ft.- 

Section  of  the  Boring  at  Harwich. 
1.                                                                 2.  Feet. 

Earth    10 

Red  gravel   ,    15 

"London  clay      23 
Coarse  dark  gravel    10 

Tertiary  Strata      51-|  ft.  <J  Sa^tiuC  f  ay"VV   j    L Bluish  clay  with  green  sand    3-£ 
Green  and  red  sand  intermixed...  5 

Blue  clay       3 
Chalk  with  flints       690 
Chalk  without  flints     160 

Chalk,  rocky,  in  thin  layers     38 
Greensand  and  Gault    22 
Gault  without  sand       39 

Black  slaty  rock    44^ 

Chalk      888  ft. 

Upper  Greensand  and  Gault... 

V 

1070 

It  thus  appears  that,  after  passing  through  the  Chalk  and  finding 
the  Upper  Greensand  well  marked  and  in  regular  order,  and  then  the 
Gault,  but  in  diminished  thickness,  the  workmen  came,  at  a  depth  of 
1025  feet,  to  a  mass  of  strata  denoted  as  a  black  slaty  rock.  Un- 

fortunately this  rock,  as  far  as  1  have  examined  it,  contains  no  fossils  ; 
we  have  therefore  only  its  mineral  and  physical  characters  to  guide  us. 
These  however  are  tolerably  marked. 

The  Upper  Greensand  is  very  calcareous  and  rather  argillaceous. 
The  Gault  also  consisted  of  the  usual  calcareous  clay  ;  but  the  under- 

lying rock  does  not  effervesce  at  all  with  acids.  It  also  has  a  rough 
slaty  fracture,  and  becomes  harder  and  of  a  darker  grey  in  descend- 

ing. It  contains  a  little  mica.  Some  portions,  however,  have  a  more 
glossy  and  greenish  hue ;  but  the  greater  part  is  a  common  grey 
clay-slate.  The  specimens  brought  up  by  the  boring-tools  consist  of 
round  cylinders,  about  3  inches  in  diameter,  which  break  so  as  to 
show  the  lines  of  bedding  or  of  cleavage,  or  possibly  of  both ;  for 
I  find  that  three  specimens,  from  depths  of  from  1040  to  1060  feet, 

split  at  angles  respectively  of  55°,  53°,  and  58p  with  the  surface, 
whereas  one  specimen  from  a  depth  of  1066  feet  and  another  of 
similar  character,  but  without  depth  mentioned,  give  angles  of  about 

84°.  In  one  of  the  latter  specimens  there  is  also  a  trace  of  another 
divisional  plane  with  a  slight  variation  of  mineral  character  more 
resembling  lines  of  lamination  or  bedding ;  and,  on  measuring  the 
angle  formed  by  these  two  lines  in  this  specimen,  I  find  it  to  be 

about  30° :  and,  as  the  three  specimens  higher  up  give  only  one 
divisional  plane,  which  is  inclined  with  an  average  dip  of  55°  to  the 
level  furnished  by  a  line  at  right  angles  to  the  axis  on  the  vertically 
bored  cylinders,  this  would  seem  to  show  that  there  is  one  set  of 
parallel  divisional  planes  throughout,  and  that  there  are  traces  of 
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another  inclined  to  the  first  at  an  angle  of  30° ;  and,  allowing  for 
the  smallness  of  the  specimens  and  the  difficulty  of  very  exact  deter- 

minations, it  seems  probable  that  these  two  planes  may  possibly  be, 

the  one  a  plane  of  dip  of  about  55°  and  the  other  a  rough  cleavage- 
plane  of  about  84°  to  the  horizon.  Of  the  direction  of  the  dip  I 
have  no  evidence.  The  overlying  beds  themselves  here  have  a  not 
unimportant  dip ;  for  in  an  old  well  in  the  vicinity  the  chalk  is 
64  feet  deep,  and  in  another  70  yards  north,  and  on  the  same  level, 
it  is  88  feet  deep,  showing  that  the  chalk  and  tertiary  strata  here  dip 

about  9°  southward, — a  fact  further  corroborated  by  the  circum- stance that  the  chalk  rises  out  at  sea  at  the  distance  of  a  few  miles 
southward,  off  Walton.  These  facts  render  it  almost  certain  that 
this  rock  cannot  belong  either  to  the  Cretaceous  or  the  Oolitic  series, 
but  probably  belongs  to  some  of  the  older  slaty  rocks. 

This  Harwich  well  has  an  important  bearing  upon  the  character 
of  the  evidence  furnished  by  the  Kentish  Town  well.  The  discovery 
there,  under  the  chalk,  of  greenish  and  red  sandstones  and  clays 
was  so  unexpected,  that,  although  it  was  evident  that  they  closely 
resembled  some  parts  of  the  New  Red  Sandstone  (and,  without  evi- 

dence to  the  contrary,  such  similarity  of  lithological  character  must 
be  accepted  as  the  best  proof  that  could  be  obtained),  still  the  ques- 

tion could  not  be  considered  as  fully  settled  without  some  more 
positive  evidence,  the  more  especially  as  M.  Jus  showed  me  some 
fragments  of  cretaceous  Ammonites  and  Belemnites  brought  up  with 
the  red  clays ;  but,  as  I  then  observed,  they  might  have  fallen  down 
the  side  of  the  bore-hole  from  the  cretaceous  beds  above.  Some  clay 
which  I  had  washed  on  purpose  yielded  no  fossils*. 

Nothing  further  has  been  done  to  the  Kentish  Town  well ;  but  the 
evidence  which  we  have  now  obtained  from  the  boring  at  Harwich, 
combined  with  that  of  the  Calais  boring,  is  corroborative,  and  of 
such  weight,  that  I  do  not  hesitate  to  modify  materially  my  former 
opinion  of  the  continuous  range  of  the  Lower  Greensand  under 

London,  and  to  adopt  in  great  part  Mr.  Godwin-Austen's  very  in- 
genious and  philosophical  hypothesis  of  the  extension  of  an  under- 

ground tract  of  the  older  rocks,  ranging  from  the  mountains  of  the 
Ardennes  in  Belgium  to  the  Mendip  Hills  in  the  West  of  England. 
Before  the  result  of  the  Kentish  Town  well  was  known,  Mr.  God- 

win-Austen had  arrived  at  the  conclusion  that  a  tract  of  old  rocks 
underlies  the  Wealden ;  but  he  probably  was  as  little  prepared 
as  I  was  for  so  remarkable  a  confirmation  of  his  hypothesis  as  that 
furnished  by  the  well  at  Kentish  Town,  as  there,  not  only  were  all  the 
Oolitic  series  wanting,  but  the  Lower  Greensand  itself  was  absent.  I 
fear,  therefore,  that  there  is,  under  the  central  part,  at  all  events,  of 
the  London  Tertiary  area,  a  tract  or  ridge  of  the  older  rocks  imme- 

diately underlying  the  Chalk  and  Gault,  on  different  portions  of  which 
the  three  wells  of  Calais,  London,  and  Harwich  have  touched,  the  one 
on  the  Carboniferous  series,  the  other  on  the  New  Red  Sandstone, 

and  the  last  on  some  slate-rock  to  which,  in  the  absence  of  organic 
remains,  it  is  not  yet  possible  to  assign  its  exact  position  in  the  palse- 

*  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  10. 
VOL.  XIV.   PART  I.  S 
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ozoic  series.  At  the  same  time  I  must  observe  that  it  was  impossible, 
without  actual  experiment,  to  have  arrived  at  this  conclusion ;  for 
the  Lower  Greensand  crops  out  with  so  much  regularity  in  the  dis- 

tricts immediately  south  and  north  of  London,  and  with  characters  so 
much  alike,  that  it  was  not  possible  to  infer  a  priori  the  interruption 
caused  by  the  old  underground  ridge,  nor  can  I  even  now  believe 
that  there  is  a  total  want  of  continuity.  It  is  evident  that  the  Lower 
Greensand  must  be  continued  underground  to  some  unknown  distance 
between  Reigate  and  London  on  the  one  side,  and  Woburn  and  Lon- 

don on  the  other,  and  also  that  the  Lower  Greensand  of  Cambridge 
must  range  for  a  certain  distance  in  the  direction  of  Ipswich.  It  is 
a  question  of  what  was  the  size  of  the  old  palaeozoic  land—  was  it  a 
ridge,  with  breaks  in  it  at  intervals,  or  a  broad  tract  ?  The  first  is,  I 
think,  the  more  probable ;  for  I  cannot  imagine  but  that,  from  the 
very  peculiar  mineral  character  of  the  mass  in  Bedfordshire  and 
Surrey,  there  must  have  been,  in  places,  continuity  between  these 
areas,  and  I  therefore  infer  that  the  Lower  Greensand  may  yet  be 
found  under  the  Chalk  at  many  places,  and  that,  although  not 
immediately  under  the  north  of  London,  it  yet  will  be  found  at  no 
great  distance  both  to  the  north  and  south  of  that  spot. 

Note. — Mr.  BrufF  has  just  sent  me  up  a  specimen  of  the  slate  (from 
the  depth  of  1050  feet),  containing  an  impression  of  what  appears 
to  be  a  large  Posidonia.  If  so,  that  will  remove  all  doubt  as  to  the  age 
of  this  rock,  as  this  shell  is,  with  the  exception  of  one  species  which 

occurs  in  the  Lias,  confined  to  the  Palaeozoic  rocks. — April  1858. 

3.  On  a  Boulder  of  Granite  found  in  the  "White  Chalk," 
near  Croydon  ;  and  on  the  Extraneous  Rocks  from  that 

Formation.    By  Robert  Godwin- Austen,  Esq.,  F.R.S.,  G.S. 
Part  I.  CONTENTS. 

Introduction. 
Locality  and  Position  of  the  Croydon  Boulder. 
Previous  notices  of  extraneous  materials  in  Chalk. 
Description  of  the  specimens  exhibited. 
Form  of  the  Boulder. 
Character  and  composition  of  the  Boulder,  and  of  the  associated  Sand  and 

Greenstone. 
Observations  and  Inferences. 

Part  II. 
Mode  of  deposit,  extent,  and  nature  of  the  Fossils  of  the  White  Chalk. 
Means  of  transport  of  extraneous  materials  in  the  Cretaceous  Sea. 
Form  and  composition  of  the  Land  of  the  Cretaceous  Period. 

Part  I. 

Introduction. — So  recently  as  1811,  when  Mr.  James  Parkinson 

published  his  work  on  the  '  Organic  Remains  of  a  Former  World,' 
petrifactions  of  animal-  and  plant-structures  were  called  "adventi- 

tious" or  "extraneous,"  whilst  all  mineral  materials,  whatever  their 
character  or  the  composition  of  the  beds  in  which  they  occurred, 
would  have  been  considered  as  properly  belonging  to  such  beds  and 
in  their  natural  positions.     A  true  perception  of  the  origin  of  the 
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sedimentary  strata  of  the  earth's  crust  has  produced  a  complete 
change  in  such  views  ;  the  remains  of  animals,  such  as  Mollusca,  are 
inseparably  connected  with  the  deposits  formed  beneath  the  areas 
of  water  in  which  they  lived. 

Materials,  whether  organic  or  inorganic,  can  be  said  to  be  "ex- 
traneous" only  with  reference  to  the  special  conditions  of  accumulation 

implied  by  the  beds  in  which  such  materials  occur.  A.  solitary  deep- 
sea  mollusc  amidst  an  assemblage  of  shallow-water  forms  is  an 

"  extraneous  "  one  ;  and,  on  the  other  hand,  the  boulders  and  shingle 
of  a  coast-line,  or  ponderous  shells  from  the  marginal  zone,  are 
foreign  to  deep-sea  sedimentary  beds.  Such  is  the  sense  in  which 

the  term  "extraneous"  has  been  employed  in  the  following  pages. 
Whenever,  in  the  examination  of  old  sea-beds,  such  phenomena 

as  these  present  themselves  to  the  geologist,  their  investigation  will 
be  attended  with  interest  and  advantage :  the  solution  of  such  ano- 

malies invariably  conducts  to  some  further  knowledge  of  the  conditions 
and  agencies  of  the  period  when  such  things  happened. 

The  evidences  of  abnormal  agency  are  to  be  met  with  in  the  sedi- 
mentary deposits  of  all  periods. 

Locality  and  Position  of  the  Croydon  Boulder. — The  Boulder 
which,  together  with  some  other  associated  materials,  forms  the  sub- 

ject of  the  present  communication  was  found  in  a  chalk  pit,  worked 
by  Mr.  Pettiver,  by  the  side  of  the  old  London  and  Brighton  road, 
near  Purley,  about  two  miles  south  of  Croydon. 

The  road  at  this  place  runs  along  a  deep  valley  in  the  chalk ;  and 
it  may  be  here  observed  that  the  upper  and  higher  surface  of  the 
adjacent  district  is  much  eroded  into  furrows  and  covered  with 
detritus,  but  that  the  sides  of  the  valley  are  altogether  free  from 
either.  The  valley  is  one  of  those  which  have  been  excavated  since 
the  removal  of  the  lower  tertiary  strata  from  off  the  district.  The 
bottom  of  the  valley  is  filled  with  a  thick  accumulation  of  gravel, 
being  an  extension  of  that  which  is  to  be  seen  near  the  Croydon 
Station,  but  which  gravel  does  not  rise  to  the  level  of  the  floor  of  the 
quarry  where  the  boulder  was  found. 

The  portion  of  the  Chalk-formation  in  which  the  pit  is  worked,  is 
the  lower  part  of  that  containing  flints. 

The  boulder  in  question  was  originally  discovered  by  the  men 
employed  in  the  quarry,  who  exposed  it  in  raising  chalk  for  lime ; 
it  was  removed  and  put  aside,  but  the  place  it  had  occupied  would 
not  seem  to  have  been  much  disturbed.  The  first  person  to  whom 
it  was  subsequently  shown  was  Mr.  Simmonds,  who,  judging  from  its 
external  ochreous  appearance,  took  it  for  a  huge  nodule  of  iron- 
pyrites.  He  accordingly  recommended  the  men  to  break  it,  when, 
to  his  astonishment,  he  found  it  to  be  a  mass  of  crystalline  rock 
resembling  granite. 

In  an  account  of  the  discovery,  lately  communicated  to  Mr.  Rupert 

Jones,  Mr.  Simmonds  says  :  "  Thinking  it  sufficiently  interesting,  and 
never  having  seen  anything  of  the  kind  myself  after  considerable 
experience  in  the  Chalk,  I  thought  it  right  that  others  should  be 
witnesses  of  the  fact  whilst  the  hole  from  whence  it  came  was  open. s2 
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I  accordingly  invited  my  friend  Dr.  J.  Forbes  Young  to  accompany 
me  to  the  place,  which  he  did. 

"  We  set  the  men  to  work  round  the  spot ;  and  they  found  at  the 
bottom  a  quantity  of  coarse  sand-like  materials,  which  on  examination 
proved  to  be  decomposed  rock  of  the  same  kind.  They  also  dug 
from  the  same  place  several  large  fragments  of  greenstone  in  a 

state  of  decomposition  and  surrounded  by  debris  of  their  own  class." 
It  was  after  this,  and  some  time  in  the  month  of  August,  that  I 

received  a  communication  from  my  friend  Mr.  Rupert  Jones,  re- 
specting the  discovery  in  question.  I  lost  no  time  in  visiting  the 

locality  indicated ;  and  from  what  I  then  saw,  as  well  as  from  the 
evidence  I  collected,  I  felt  perfectly  satisfied  that  the  boulder,  together 
with  its  associated  materials,  when  first  discovered,  was  fairly  im- 

bedded in  the  solid  chalk,  and  that  their  mode  of  occurrence  was 
suggestive  of  various  considerations  deserving  of  notice. 

Previous  notices  of  extraneous  materials  in  Chalk.  —  Though 
I  cannot  find  that  the  occurrence  of  such  materials  as  these  has 

ever  been  made  the  subject  of  any  special  communication  to  this 

or  any  other  like  Society,  yet  it  must  not  be  understood  that  ex- 
traneous materials  in  the  body  of  the  White  Chalk  formation  have 

not  been  noticed.  I  have  several  times  had  such  specimens  brought 
to  me ;  they  are  also  to  be  met  with  in  numerous  private  collections  ; 
and  some  of  them  I  am  enabled  to  exhibit  here  this  evening,  through 

the  kindness  of  their  possessors*. 
Major-Gen.  Portlock  has  noticed  several  remarkable  examples  of 

blocks  of  hard  black  basalt,  isolated  in  the  Chalk  of  Ireland  (see 

'  Report  on  Londonderry/  &c,  pp.  93,  94).  In  1840,  Mr.  Griffith 
also  called  attention  to  the  occurrence  of  flattened  spheroids  of 
syenite  in  the  Chalk  of  Antrim. 

There  are  also  two  other  short  recorded  notices.  "In  this  countiy," 
observes  Dr.  Mantell  ('Geology  of  the  S.E.  of  England,'  p.  78),  "the 
Chalk  very  rarely  contains  traces  of  older  deposits.  The  only  instances 
of  extraneous  rocks  that  have  come  under  my  observation  are  pebbles 

of  quartz,  and  some  fragments  of  green  schist/' 
Mr.  Dixon  ('  Geology  of  Sussex,'  p.  69)  says,  "  Small  pebbles  and 

large  rolled  fragments  of  sandstone  and  quartz-rock  are  occasionally 
discovered  in  the  centre  of  the  Upper  Chalk.  Mr.  Coombe  found  one 
specimen  weighing  near  fourteen  pounds  at  Houghton,  Sussex;  and  I 
have  seen  others  from  the  same  pit  of  two  and  three  pounds  weight ; 

several  also  have  been  sent  me  by  Mr.  Catt  from  the  pits  near  Lewes." 
Description  of  the  specimens  exhibited. — I  may  here  observe,  that 

shortly  after  the  published  notice  of  the  verbal  communication  I  made 
of  the  Purley  discovery  to  the  Geological  Section  of  the  British  Asso- 

ciation at  Dublin,  I  was  informed  by  Mr.  W.  Cunnington,  of  Devizes, 
that  a  specimen  of  slate  imbedded  in  flint  had  been  found  in  Wilt- 

shire. I  had  next  an  opportunity  of  examining  a  collection  of 
extraneous  materials  from  the  Chalk,  belonging  to  this  Society,  and 

*  Specimens  from  the  Museum  of  the  Geological  Society,  and  from  the  Collec- 
tions of  the  Rev.  T.  Wiltshire,  F.G.S.,  W.  Cunnington,  Esq.,  F.G.S.,  W.  Harris, 

Esq.,  F.G.S.,  and  H.  Catt,  Esq.,  were  exhibited  when  the  paper  was  read. 
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others  the  property  of  Mr.  W.  Harris.  These  were  interesting,  as, 
in  addition  to  the  crystalline  rock-pebbles,  there  are  some  small  spe- 

cimens which  have  the  appearance  of  being  volcanic  scoriae.  Dr. 
Forbes  Young  also  kindly  communicated  some  facts  relating  to  the 
Purley  discovery,  and  placed  at  the  disposal  of  the  Society  the  seve- 

ral materials  which  he  had  collected  at  the  pit ;  the  largest  frag- 
ment measures  about  12  inches  in  each  of  its  two  longest  diameters, 

and  weighs  upwards  of  24  pounds. 

Mr.  Catt's  collection  contains  three  specimens  of  rather  soft, 
marly,  micaceous  sandstone,  of  a  greenish-grey  colour,  one  pebble 
of  opake  quartz,  two  of  transparent  quartz,  and  one  of  coloured 
quartz  :  these  are  all  small.  There  is  a  much  larger  sub-rhomboidal 
fragment  of  dark  clay-slate,  with  the  angles  rounded,  and  lastly,  a 
block  of  fine-grained  sandstone  (quartzite),  weighing  thirteen  pounds 
fourteen  ounces.  All  these  fragments  have  been  derived  from  old 
sedimentary  (palaeozoic)  strata. 

The  largest  block  shows  the  bases  of  several  attached  bodies,  such 
as  Diblasus  or  Isis,  a  Serpula,  a  Bryozoon  (Diastopora  ramosa  ?), 
and  the  lower  valve  of  a  Spondylus  lineatus.  This  block  had  been 
rolled  about  on  a  beach,  after  these  forms  had  attached  themselves. 

Mr.  Cunnington's  specimen  consists  of  a  fragment  of  thin  fissile 
slate  (very  like  common  roofing-slate)  imbedded  in  a  chalk-flint. 
The  slate  has  apparently  been  broken  in  the  direction  of  the  cleavage, 
and  at  the  time  when  the  flint  was  broken,  so  that  the  original  form 
of  this  fragment  cannot  be  determined. 

As  the  cases  where  the  occurrence  of  such  materials  has  been 

observed  are  likely  to  be  far  less  numerous  than  those  which  have 
escaped  observation,  or  not  been  recorded,  and  as  the  pits  where  chalk 
is  quarried  present  only  a  most  trifling  portion  of  its  mass  when  com- 

pared with  the  horizontal  extent  of  that  formation,  we  may  fairly 
infer  that  the  differences  of  such  extraneous  materials  must  be  much 

greater  than  we  have  heretofore  supposed. 

Form  of  the  Boulder. — When  I  visited  the  Purley  chalk-pit,  I  was 
informed  that  the  large  block  had  been  still  further  broken  up  at 

the  time  of  Dr.  Young's  visit,  so  that  the  destruction  of  the  principal 
mass  was  then  almost  complete ;  some  portions  had  been  carried 
away  by  various  persons,  whilst  others  had  been  put  into  the  kiln, 
by  way  of  experiment,  for  the  purpose  of  ascertaining  whether  they 
would  burn  into  lime,  like  the  chalk.  The  largest  fragment  which 
I  was  able  to  secure  rather  exceeded  five  pounds  in  weight. 

On  the  spot  where  the  blocks  had  been  broken  up,  I  found  a  con- 
siderable quantity  of  loose  fragmentary  materials  identical  with  one 

of  the  larger  portions,  and  derived  from  the  more  decomposed  parts. 
According  to  the  account  given  by  the  quarrymen,  the  block, 

when  first  exposed,  presented  a  rounded  surface, — a  statement 
which  is  confirmed  by  the  appearance  of  all  the  fragments  which 

have  been  preserved,  which  also  show  it  to  have  been  boldly  eg°-- 
shaped.  When  I  first  visited  the  quarry,  I  was  told  that  the  cavity 
(or  the  lower  part  of  it)  which  the  block  had  occupied  remained  in 
the  same  condition  as  when  it  was  first  lifted  out  of  it.  On  carefully 
removing  the  loose  chalk  that  had  fallen  in,  there  was  presented  a 
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basin-shaped  depression  in  the  hard  chalk,  measuring  rather  more 
than  a  foot  across  ;  the  slight  depth  of  this  cavity  compared  with  its 
diameter,  showed  that  it  was  the  cast  of  the  lower  portion  of  the 
boulder.  The  original  form  of  the  boulder  may  be  also  shown 
by  fitting  on  the  larger  fragments  to  the  remaining  principal  mass  ; 
it  will  then  be  clearly  seen  that  it  is  a  rounded  water-worn  block, 
just  such  as  may  be  met  with  by  thousands  on  any  coast-line  of  our 

own  seas,  which  is  composed  of  rocks  of*  like  mineral  character,  as 
about  the  Scilly  Isles,  the  Channel  Islands,  or  those  of  Brittany. 

Character  and  composition  of  the  Boulder,  and  of  the  associated 
Sand  and  Greenstone. — The  Purley  boulder  is  a  crystalline  granitoid 
rock,  having  its  components  very  uniformly  distributed :  those  now 
remaining  are  quartz  and  felspar,  from  which,  perhaps,  some  other 
mineral  has  been  removed ;  what  this  may  have  been  will  be  con- 

sidered in  the  sequel.  Whether  the  rock-mass  here  in  question  had 
or  had  not  undergone  such  a  change  before  it  was  imbedded,  can- 

not now  be  determined  with  any  certainty.  It  will,  however,  be 
observed  that  the  Purley  block,  which  is  by  far  the  largest  mass 
which  as  yet  has  been  found  imbedded  in  the  Chalk,  and  which 
therefore,  as  far  as  size  is  concerned,  would  be  well  fitted  to  resist 
the  process  of  decomposition  and  the  removal  of  one  component, 
presents  a  cellular  character  throughout,  whereas  the  smallest  pebbles 
and  fragments  of  other  granitoid  rocks  exhibit  no  such  structure. 

On  showing  a  fragment  of  the  large  Purley  block  to  Mr.  D.  Forbes, 
he  thought  that  he  recognized  it  as  corresponding  in  composition  and 

external  characters  with  a  peculiar  granitic  rock  which  was  intro- 
duced into  the  Scandinavian  sedimentary  series  about  the  later  palaeo- 

zoic period.  On  the  whole,  therefore,  I  am  disposed  to  consider 
that  the  rock  was  in  precisely  the  condition  in  which  it  is  now  seen 
at  the  time  it  was  imbedded,  and  that,  if  it  has  experienced  any  de- 

composition, it  was  previously  to  its  removal  from  its  original  site. 
That  all  the  extraneous  rocks  which  had  been  met  with  in  the 

Chalk  should  have  occurred  as  isolated  fragments,  was  somewhat 
remarkable ;  and  the  only  case  of  an  approach  to  anything  like 
definite  relative  position  amongst  them  was  the  discovery  of  several 
about  the  same  time  at  Houghton,  in  the  same  pit,  and  whilst  the 
men  were  at  work  on  the  same  bed ;  so  that  the  fragments  there 
may  have  been  scattered  about  at  the  same  time :  but  in  the  case  of  the 
Purley  boulder  the  case  was  very  different.  I  will  first  refer  to  Mr. 

Simmonds'  account,  quoted  above,  p.  254  ;  he  notices  the  occurrence 
of  sandy  granitic  matter,  and  fragments  of  decomposed  greenstone, 
associated  with  the  boulder. 

When  I  subsequently  visited  the  spot,  the  Chalk-rock  had  not  been 
so  widely  disturbed  but  that  I  was  enabled  to  observe  what  offers  a 
direct  corroboration  of  the  previous  statement.  The  large  boulder 
had  left  a  clean  and  distinct  cast  of  a  part  of  its  rounded  surface 
in  the  compact  Chalk.  Some  of  the  larger  fragments  of  greenstone 

according  to  the  description  of  the  pitmen,  "had  been  stuck  about 
it,  and  over  it ;"  but  on  looking  closely,  I  saw  that  there  was  a  mass 
of  sand  extending  from  the  level  of  the  cast  of  the  boulder  and 
beneath  the  solid  chalk.     Instead  of  removing  the  sand,  I  got  the 
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workmen  to  raise  off  the  chalk  with  a  pick  :  in  doing  this,  some  of 
the  sand  separated  with  the  raised  chalk ;  but  the  principal  portion 
remained,  and  showed  that  at  one  part  it  had  been  in  close  juxta- 

position with  the  block,  and  that  it  ended  abruptly  in  the  chalk  at 
the  opposite  end  of  its  mass ;  in  this  sand  there  was  a  fragment  of 
greenstone  much  decomposed,  and  which  has  since  fallen  to  pieces. 

From  the  account  of  the  workmen,  and  from  what  I  saw,  as  well 
as  from  the  materials  which  have  been  preserved,  it  is  clear  that, 
together  with  the  larger  granitic  boulder,  there  was  also  a  collection 
of  blocks  of  smaller  dimensions  ;  and  all  these  were  also  water-worn. 
Most  of  them  were  composed  of  a  peculiar  and  very  different  rock, 
consisting  of  augite,  with  tabular  double  crystals  of  felspar,  such  as 
might  be  called  a  melaphyre  or  porphyritic  augite :  the  largest  of 
these,  from  the  portions  which  remain,  must  have  been  of  consider- 

able size,  weighing  as  much  as  twenty  to  twenty-five  pounds,  but,  in 
common  with  all  the  other  specimens  of  the  same  rock,  it  was  much 
decomposed ;  there  was  a  central  portion  which  was  only  partially 
so,  and  from  which  the  compact  specimens  now  exhibited  were 
derived :  the  smaller  pebbles  were  wholly  decomposed,  and  readily 
fell  to  pieces,  forming  a  sharp  sand.  Most  of  the  loose  material 
lying  on  the  floor  of  the  quarry,  where  the  blocks  had  been  broken 
up,  consisted  of  this  decomposed  greenstone,  but  which,  from  the 
iron  in  the  original  rock,  was  of  a  browner  colour,  and  had  not  been 
derived  from  the  larger  granitic  boulder. 

In  the  specimen  of  greenstone  from  this  spot,  which  I  myself  found, 
it  was  clear  that  the  process  of  decomposition,  with  respect  to  these 
fragments,  had  been  subsequent  to  inclusion,  as,  in  their  decomposed 
condition,  they  could  not  have  been  rounded  as  we  there  found  them. 

In  addition  to  these  large  portions  of  rock,  there  was  also  a  com- 
pact mass  of  siliceous  sand.  Some  of  this  had  been  thrown  aside  as  of 

no  interest  ;•  but  a  portion  was  still  in  situ,  and  included  a  small  de- 
composed fragment  of  greenstone  :  when  the  sand  was  broken  down, 

this  last  so  fell  to  pieces  and  mixed  itself  with  it,  that  it  was  natural 
that  a  casual  observer  should  have  supposed,  first,  that  these  crystal- 

line rocks  were  all  alike  in  composition,  or  granitic,  and,  next,  that 
the  finer  materials  were  only  its  decomposed  portions. 

An  examination  of  this  portion  of  the  mass  of  materials  will  be 
sufficient  to  establish  that  it  is  fine  water-worn  beach-sand,  derived 
from  the  waste  of  a  coast-line  of  some  crystalline  rocks. 

Observations  and  Inferences, — Referring  to  the  whole  suite  of 
smaller  rock-specimens  from  the  White  Chalk  which  have  been  met 
with  from  all  quarters,  we  may  determine  thus  far,  that,  in  respect 
of  form  or  condition  they  have  this  in  common  with  the  larger  speci- 

mens from  Purley,  they  are  all  water-worn,  either  in  the  form  of 
shingle  or  rounded  boulders, — that,  as  regards  their  mineral  cha- 

racter, they  have  been  derived  largely  from  granitic  and  greenstone 
masses ;  whilst  they  differ  in  this,  that  they  have  occurred  as  isolated 

blocks  or  pebbles*,  with  the  exception  of  those  of  Houghton  (Sussex), 
where  they  were  met  with  scattered  over  the  same  level  or  sea-floor. 

*  M.  Deslongchamps,  of  Caen,  pointed  out  many  years  since,  that  modern  Cro- 
codiles are  in  the  habit  of  swallowing  pebbles ;  and  he  suggested  that  certain 
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These  several  considerations  have  distinct  bearings. 
The  marginal  sea-belt  is  under  all  circumstances  both  well-defined 

and  distinctly  marked.  It  commences  from  the  lowest  range  of 
wave-oscillation,  where  that  meets  the  line  of  sea-bed,  and  extends 
upwards  to  the  utmost  reach  of  breakers  at  high  water.  The  power 
exerted  over  this  space  commences  at  the  point  where  the  wave 
becomes  one  of  translation,  and  increases  progressively  to  where  it 
breaks  ;  from  this  its  moving  power  decreases,  being  that  only  which 
is  exerted  by  the  upper  portion  of  the  wave  as  it  is  dashed  forward. 
In  all  seas,  therefore,  the  breadth  of  this  zone  will  be  primarily 
dependent  on  the  slope  of  the  sea-bed,  and  next  on  the  range  of  the 
local  tides. 

The  amount  of  power  thus  exerted  is  very  variable ;  and  it  is  applied 
under  very  different  combinations  of  the  foregoing  conditions  ;  so  that 
it  happens  that  the  materials  of  the  marginal  zone  are  unceasingly 
being  transferred  one  way  or  another  upwards  and  outwards,  at 
intervals  corresponding  to  those  when  the  forces  are  brought  to  bear 
in  those  directions.  It  is  in  this  way  that  in  tidal  seas  we  have  two 

distinct  divisions  of  the  marginal  zone, — an  upper,  which  is  constantly 
disturbed,  and  composed  of  clean  shingle  ;  a  lower,  consisting  of  like 
materials  as  to  size,  and  which  is  only  occasionally  broken  up.  In 
the  intervals  the  constituents  of  this  lower  marginal  zone  become 
covered  with  its  characteristic  animals  and  plants.  The  conditions 
under  which  portions  of  the  submarginal  zone  are  transferred  upwards, 
though  variable,  are  yet  to  be  easily  observed  from  any  part  of  a 
coast-line.  On  our  own  shores  abundant  materials  will  always  be 
met  with  in  the  upper  track,  which  bear  marks  about  them  of  having 
belonged  for  some  previous  time  to  the  submarginal  zone. 

These  marks  or  characters  have  a  bearing  on  the  history  of  some 
of  the  pebbles  found  in  the  Chalk.  To  this  zone  belongs  the  great 
belt  of  marine  vegetation  which  attaches  itself  to  the  shingle  and 
gravel,  as  also  do  certain  species  of  Balanus,  Serpula,  Anomia,  and 
small  Oysters ;  and  such  pebbles,  even  long  after  they  have  been 
washed  up  from  the  lower  to  the  higher  zone,  retain  the  traces  or 
some  remains  of  these  incrusting  forms.  Of  the  smaller  specimens 
of  shingle  which  have  been  taken  from  the  White  Chalk,  some  are 
in  the  condition  of  clean  pebbles,  whilst  others  have  still  adhering  to 
them  some  portions  of  such  shells.  So  far  as  the  evidences  of  the 
zone  of  origin  of  all  the  extraneous  materials  of  the  Chalk  can  be 
indicated  from  such  characters  as  we  have  here  been  considering, 
we  may  feei  sure  that  they  all  have  belonged  to  the  upper  marginal 

zone, — that,  though  in  some  cases  they  may  have  travelled  down, 
and  found  a  temporary  resting-place  in  the  submarginal  region,  yet 
their  subsequent  place  was  at  the  upper  level,  before  they  started 
away  to  find  their  ultimate  position  in  the  deposits  of  calcareous  mud. 

Ordinary  wave-disturbance  along  the  marginal  sea-line  cannot  dis- 

sinoothly  rounded  stones,  which  are  occasionally  found  in  the  fine-grained  oolitic 
strata  of  Normandy,  may  have  heen  voided  by  Crocodilians  of  that  period.  I  am 
indebted  to  Mr.  Bowerbank  for  the  information  that  Sharks  also  swallow  small 

stones  ;  hence  another  agency  by  which  the  shingle  of  the  White  Chalk  period  may 
have  been  transferred  to  areas  of  deep  sea. 
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perse  the  coarser  materials  of  that  zone  beyond  the  limits  of  depth 
which  have  been  here  indicated. 

Part  II. 

Mode  of  deposit,  extent,  and  nature  of  the  Fossils  of  the  White 
Chalk. — It  next  remains  that  we  should  consider  what  are  the  con- 

ditions which  are  indicated  by  the  White  Chalk. 
Two  naturalists  lately  lost  to  us,  and  both  well  fitted  to  give  an 

opinion  on  such  a  subject  —  A.  d'Orbigny  and  E.  Forbes,  have 
said  that  the  pure  White  Chalk  must  have  been  the  deposit  of  a 
deep  and  open  sea.  Apart  from  the  evidence  to  be  derived  from  its 
included  animal  remains,  there  is  also  that  of  its  mineral  composition, 
dependent  on  the  specific  gravity  of  its  component  particles,  and 
which  shows  that  it  belongs  to  the  extreme  outward  zone  of  distri- 

bution, as  compared  with  the  sand-zones,  or  those  of  ooze  or  mud. 
In  these  fine  sedimentary  beds,  and  in  the  isolated  blocks  and  shingle 
which  they  occasionally  include,  we  have  the  two  terms  of  the  series 
of  mechanical  products  of  all  seas  and  of  all  periods,  namely  the 
abyssal  and  the  marginal ;  and  from  the  presence  of  these  two  we  may 
feel  assured  of  the  co-existence  of  every  other  intermediate  form  of 
sea-bed.  The  White  Chalk  had  its  equivalents  of  mud-depths  and 
sand-zones  ;  and  its  own  remarkable  extent  as  a  deposit  is  due  solely 
to  the  peculiar  condition  of  the  ocean  of  that  time,  which  furnished 
so  much  calcareous  material  for  abrasion  and  removal.  Systematic 
geologists  have  been  so  disposed  to  describe  the  White  Chalk  as  an 
independent  portion  of  the  cretaceous  series,  that  the  occurrence  of 
these  extraneous  materials  is  of  as  much  use  in  showing  that  it  is 
merely  one  subordinate  member  of  an  assemblage  of  marine  deposits, 
as  the  materials  themselves  are  in  indicating  the  physical  and  geo- 

graphical arrangements  of  that  remote  period. 
The  area  over  which  that  uniform  deposit  of  pure  calcareous 

matter  known  as  chalk  was  deposited  may  be  accurately  defined. 
It  will  be  unnecessary  to  follow  it  over  the  whole  of  its  extent ;  but  in 

Western  Europe  it  included  the  south-eastern  half  of  Britain — from 
Devonshire  to  Yorkshire  as  far  as  a  line  much  in  advance  of  the  present 
chalk-escarpment.  In  Denmark  it  occurs  in  Laelland  and  Moen, 
whence  it  trends  south-east,  across  Prussia  and  Northern  Russia. 
In  France  the  area  of  true  White  Chalk  extends  south  from  Cal- 

vados to  the  Loire,  and  from  the  whole  of  the  Paris  Basin  eastwards ; 
in  Belgium  it  appears  under  precisely  the  same  characters  as  in  France 
and  England.  Beyond  this  area,  the  deposits  which  were  synchro- 

nous with  the  White  Chalk  put  on  other  mineral  characters. 
In  every  sea  or  ocean  the  zones  of  sedimentary  deposit  hold  a 

general  parallelism  to  one  another,  so  that  if  the  form  or  direction 
of  one  can  be  ascertained,  that  of  the  rest  necessarily  follows.  It  is 
by  the  evidence  of  the  included  fauna  that  we  are  certified  that  dis- 

tricts surrounding  the  area  which  we  have  here  defined  were  its  equi- 
valents in  the  Cretaceous  series.  For  the  present,  the  form  of  the 

area  of  deep  and  open  sea  deposits  during  the  period  of  the  Upper 
Cretaceous  series  may  be  taken  as  here  drawn. 
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The  period  of  the  Upper  Chalk  and  its  equivalents  corresponds  to 
that  of  the  greatest  extension  of  the  area  of  the  cretaceous  sea  or 
ocean  ;  and  the  only  means  we  have  by  which  to  define  the  extreme 
boundary-line  of  this  area  is  by  following  out  the  gradation  of  sea- 

bed in  the  direction  in  which  it  passes  into  sands  and  coarser  accu- 
mulation, but  preserving  at  the  same  time  its  characteristic  fauna. 

Marginal  beds  of  this  age  occur  on  the  southern  portion  of  Norway 
and  Sweden.  In  Westphalia  and  Rhenish  Prussia,  sands  are  the 
equivalents  of  White  Chalk.  On  the  west  of  the  European  area  the 
cretaceous  strata  of  Valognes,  though  composed  of  sand  and  siliceous 
conglomerate  or  shingle,  are  yet  Upper  Chalk.  Such  is  also  the  case 
with  the  sands  of  the  West  of  England,  which  form  the  extreme  limit 
of  the  cretaceous  series  about  the  Bovey  Y  alley.  In  this  way  not  only 
the  form  and  extent  of  the  cretaceous  ocean  in  its  greatest  range,  but 
also  the  character  and  composition  of  its  coast- line,  can  be  determined 
with  approximate  certainty,  for  a  given  number  of  points. 

Belemnitella  mucronata,  which  makes  its  first  appearance  in  our 
Upper  White  Chalk,  marks  the  equivalent  of  the  White  Chalk  in 
other  places,  whatever  the  mineral  composition  of  the  beds  may  be. 

I  have  elsewhere  shown*  what  was  the  extent  of  that  first  portion 
of  the  cretaceous  sea  which  gradually  extended  itself  from  the  Medi- 

terranean area,  across  France,  or  what  is  now  part  of  the  south-east 
of  England.  From  this  first  stage,  the  history  of  the  cretaceous  for- 

mation consists  of  a  progressive  increase  of  area  in  water,  together 
with  a  change  in  time  of  its  inhabitants  or  fauna ;  so  that,  over  the 
whole  of  the  cretaceous  area,  the  lowest  beds  show  littoral  or  shallow- 
water  conditions,  both  mechanically  and  zoologically  :  and  what  is 
known  as  the  grouping  of  forms  characteristic  of  the  great  subdivi- 

sions of  the  formation  disappears  when  the  marginal  beds  are  carried 
out  to  their  widest  range  or  limit,  and  holds  good  only  for  the  central 
portions  of  the  area,  where  the  series  of  depositions  represents  both 
the  changes  which  are  due  to  the  successive  conditions  of  depth  as 
well  as  those  which  animal  forms  exhibit  in  time,  and  where  conse- 
sequently  the  results  of  these  changes  are  presented  in  order  of 

superposition. 
In  this  way  it  happens  that  the  assemblage  which  figures  in  our 

lists  as  the  fauna  of  the  White  Chalk  is  truly  that  of  the  upper  or 

newest  cretaceous  period, — but  in  part  only,  and  is  not  characteristic 
of  those  marine  conditions  of  which  that  deposit  is  the  result.  The 
remains  met  with  in  the  pure  White  Chalk  area  belong  for  the  most 

part  to  a  much  higher  sea-zone.  This  view  of  the  character  of  the 
remains  met  with  in  the  Chalk  must  have  often  suggested  itself 
to  naturalists  who  may  themselves  have  collected  from  that  forma- 

tion. Thus  the  stony  remains  of  the  Anthozoa  have  all  been  broken 
off  at  the  base,  and  are  without  any  support  in  the  beds  in  which 

they  occur.  The  Bryozoa  belong  to  a  condition  of  sea-water  very 
different  from  that  of  those  calcareous  mud-beds.  The  Echinoderms 
show  characters  of  having  undergone  decomposition.  Again,  the 
most  common  and  characteristic  forms  of  the  White  Chalk  are  frag- 

*  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  68. 
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mentary,  as  regards  the  Testacea  more  particularly ;  and  taken  alto- 
gether they  imply  a  drifting  power,  whereas  the  nature  of  the  sea- 

beds  indicates  only  conditions  of  tranquil  deposition.  Recognizable 
forms  from  the  Chalk  bear  so  small  a  proportion  to  its  mass — the 
formation  nowhere  throughout  its  vast  thickness  presents  old  sea- 
floors  over  which  a  fauna  lived* — that  I  am  disposed  to  consider  the 
greater  part  of  the  animal  remains  which  it  contains  as  having  been 
raised  off  shallower  zones,  floated  away,  and  scattered  outwards  over 
the  deeper  ones. 

This  view  of  the  Chalk-deposit — namely,  that  all  the  larger 
materials  which  it  contains,  whether  organic  or  inorganic,  belong  to 

a  higher  sea-zone — is  one  which  admits  of  a  great  amount  of  illus- 
tration, and  deserves  separate  treatment.  It  may  be  sufficient  for 

the  purpose  for  which  the  view  is  here  introduced,  to  state  that  all 
those  forms  of  Bryozoa  which,  when  living,  are  fixed  at  the  base 
only,  such  as  Idmonea,  Pustulopora,  Desmeopora,  and  many  others, 
all  occur  detached  in  the  body  of  the  Chalk.  This  is  also  well  seen 
with  respect  to  the  Anthozoa  :  the  examination  of  a  large  collection 
of  Monocarya  centralis  showed  me  that  they  all  had  been  broken 
off  before  they  were  imbedded. 

With  respect  to  the  zone  from  which  the  Chalk  forms  have  been 
mainly  derived,  it  is  sufficient  that  it  should  have  been  a  higher  one, 
where  the  accumulation  of  mineral  matter  was  necessarily  very  dif- 

ferent to  what  it  was  at  extreme  depths.  I  will  therefore  only  call 
attention  to  a  few  Chalk  forms,  and  which  also  belong  to  sand- 
deposits  usually  considered  older  than  the  Chalk  : — 

Stellaster  elegans,  Forbes.  In  Chalk.  Sussex.  In  sands  below 
the  Chalk  at  Folkestone,  and  in  the  sands  of  Blackdown. 

Serpula  plexus.  Chalk,  and  abundant  in  the  Blackdown  and 
Haldon  sands. 

Pecten  cequicostatus.  Chalk,  and  abundant  in  the  Blackdown  and 
Haldon  sands. 

Plagiostoma  parallelum.     Greensand,  Gault,  Chalk. 

Considering  the  poorness  of  the  White  Chalk  fauna,  the  proportion 
of  bivalved  Mollusca  having  a  byssus  is  remarkable.  Such  shells  are 
now  widely  distributed  by  floating  weed. 

The  occasional  occurrence  of  large  dead  shells  of  Dolium  or  Cas- 
sidaria,  of  which  a  single  specimen  is  as  yet  recorded  from  our  White 
Chalk,  requires  for  its  explanation  an  agency  at  least  equal  to  the 
transport  of  ordinary  shingle.  The  species  seems  to  be  identical 
with  one  from  the  cretaceous  sands  of  Mans,  where  it  is  scarce. 
Dolium  would  not  belong  to  such  a  zone ;  but  the  animal  has  the 
power  of  swimming  by  inflating  its  disk,  and  in  this  way  it  may 
occasionally  be  floated  away  from  the  marginal  sea-line,  and  so  perish, 
and  sink  in  deeper  water.     The  form  Dolium  evidently  belongs  to 

*  The  occurrence  of  a  large  block  of  Coral  in  the  White  Chalk  caused  me  to 
form  at  one  time  a  different  opinion.  I  have  now  no  doubt  but  that  it  was  a 
transported  mass  from  some  distant  reef.     Proc.  Geol.  Soc.  vol.  iv.  p.  169. 
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the  southern  cretaceous  fauna,  as  do  also  the  fragments  of  Hippu- 
rite  which  have  been  found  in  the  Chalk  of  Sussex  and  Kent. 

Means  of  transport  of  extraneous  materials  in  the  Cretaceous 
Sea. — The  nature  of  the  White  Chalk  formation,  and  the  fact  of  the 
presence  there  of  extraneous  blocks  and  pebbles,  lead  naturally  to 
the  inquiry  as  to  the  agency  by  which  they  have  been  conveyed  there. 
Most  geologists  will  doubtless  at  once  call  to  mind  the  account  which 

Mr.  Darwin  *  has  given  of  a  rounded  block  of  greenstone  which  he 
found  on  the  outer  coast  of  a  small  atoll  belonging  to  the  Keeling 
group.  The  Keeling  Islands  are  600  miles  from  the  nearest  land 

(Sumatra)  ;  they  consist  wholly  of  coral-formation,  and  Mr.  Darwin 
came  to  the  conclusion  that  the  block  (which  was  rather  larger  than 

a  man's  head)  had  become  entangled  in  the  roots  of  a  tree  which  had 
been  washed  into  the  sea,  floated  thus  far,  and  finally  liberated  on  the 
beach  where  it  was  found. 

If  only  one  single  block  could  have  been  conveyed  thus  far  by 
such  an  agent,  much  more  similar  material  must  have  been  dropped 
and  lost  than  ever  reached  so  remote  a  coast-line.  The  sedimentary 
deposits  of  open  oceans,  such  as  the  Indian  or  Pacific,  where  so  many 
of  the  lines  exposed  to  coast- abrasion  consist  of  coral-formation, 
must  be  identical  in  composition  with  our  White  Chalk,  so  that  the 
rocks  which  are  being  conveyed  away  from  the  mainlands  of  those 
seas  may  be  presented  at  some  future  time  under  precisely  the  same 
conditions  as  the  extraneous  materials  now  are  in  our  Chalk :  the 

correspondence  between  the  two  cases  is  so  close,  that  it  is  difficult 
to  avoid  the  consequence,  that  one  case  explains  the  other,  and  is 
evidence  of  like  agency  at  very  distant  times. 

Mr.  Darwin's  Keeling  observations  would  fully  account  for  the 
presence  of  all  the  extraneous  materials  which  have  been  met  with  in 
the  White  Chalk  and  other  deep-sea  sediments  up  to  the  time  of 
the  Purley  discovery. 

The  peculiarities  of  this  case  are  these: — Apart  from  the  large 
boulder  there  was  a  smaller  one,  weighing  upwards  of  twenty  pounds, 

some  coarse  shingle,  and  a  quantity  of  loose  sea-sand  ;  and  these  had 
all  sunk  down  together  without  separating :  for  this  they  must  have 
been  firmly  held  together,  both  during  the  time  they  were  being 
floated  away,  as  also  whilst  falling  from  the  surface  to  the  depths  of 
the  cretaceous  sea. 

If  we  suppose,  in  the  case  we  are  now  considering,  that  all  the 
coarser  materials  were  so  firmly  bound  up  in  the  knitted  roots  of 
some  tree  which  which  had  grown  on  a  sea-margin,  as  afterwards  to 
be  carried  about,  until  the  tree  became  water-logged  and  sank,  it  is 
difficult  to  conceive  how  the  finer  sand  should  not  have  been  washed 

out ;  and,  as  wood  is  well  preserved  in  chalk,  we  might  expect  that 
traces  of  the  tree  itself  (and  it  must  have  been  a  considerable  one) 
would  have  been  discovered  in  immediate  juxtaposition  with  these 
materials  :  such,  however,  was  not  the  casef. 

*  Journal,  1839,  p.  549. 
t  Fossil  wood,  and  even  lignite,  has  been  found  by  Mr.  Simmonds  in  the  chalk 

of  the  neighhourhood. 
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The  conditions  which  have  to  be  satisfied  in  this  particular  case 
are,  the  removal  of  a  large  boulder,  together  with  coast-line  shingle 
and  sand,  and  their  transference  to  a  deep  and  distant  sea-bed,  in 
precisely  the  same  relative  positions  in  which  they  lay  together  in 
the  parent  beach. 

Sir  C.  Lyell,  who  had  his  attention  drawn  to  the  fact  of  the  oc- 
currence of  pebbles  in  chalk  by  Mr.  Catt,  has  adopted*  the  observa- 

tions of  Mr.  Darwin,  in  preference  to  such  other  means  of  transport 

as  floating  weed  or  floating  ice.  Sir  Charles's  objection  to  the  agency 
of  floating  ice  is,  that  it  is  inconsistent  with  the  conditions  of  climate 
indicated  by  a  sea  abounding  in  chambered  Cephalopods. 

At  all  past  periods  the  globe  must  have  had  its  climatal  zones ; 
and,  taking  Mollusca  as  our  guides,  we  know  that,  for  the  secondary 
and  tertiary  periods  at  least,  the  order  or  gradation  was  placed  very 
much  as  it  is  at  present.  We  know,  too,  what  is  the  distribution  of 
the  extmct  Cephalopods  over  the  European  area ;  and  on  these  joint 
grounds  it  may  be  stated  confidently  that  no  sure  conclusion  as  to 
climate  can  be  derived  from  the  Ammonites  and  Belemnites  of  our 

secondary  formations. 
For  the  Oolitic  period  (Lower  Mesozoic)  the  geographical  distribu- 

tion of  Cephalopods  is  rather  northern  than  southern,  whilst  for  the 
Upper  Mesozoic  (or  Cretaceous)  they  decrease,  both  as  species  and 
individuals,  towards  the  upper  chalk. 

Apart  from  these  considerations,  the  fauna  of  a  sea  is  no  indication 
as  to  whether  ice  from  polar  regions  may  not  occasionally  be  floated 
into  it.  All  that  is  requisite  is  that  the  area  of  water  should  have 
an  extension  into  polar  regions ;  and  then  the  liberated  ice  must  at  all 
times  have  been  distributed  according  to  the  same  laws  as  influence 
it  now.  Polar  ice,  it  must  be  remembered,  is  now  occasionally  floated 
down,  and  its  load  scattered,  as  low  as  the  Azores  and  Canaries, 
where  its  detritus  becomes  imbedded  in  deposits  containing  the  forms 
of  the  South  Lusitanian  fauna. 

The  condition  of  one  hemisphere  of  our  globe  at  the  period  of  the 
greatest  extension  of  the  Cretaceous  ocean,  represented  in  the  map 

exhibited  to  the  Meeting,  shows — 1st,  how,  as  far  back  as  the  creta- 
ceous period,  the  waters  of  the  great  and  old  Atlantic  valley  extended 

into  the  Polar  basin  ;  and  next,  what  was  the  extent  and  character  of 

the  subaerial  surface,  the  coast  of  which  supplied  the  mineral  mate- 
rial for  the  sedimentary  beds  of  those  seas  over  the  European  area. 

I  know  only  of  two  other  agencies  by  which  the  coarse  materials 
of  the  marginal  sea-zone  can  be  conveyed  away  so  as  to  be  distributed 
over  the  deeper  sea- beds,  viz.  sea-plants  and  coast-line  ice. 

Sea-plants  being  lighter  than  water,  it  happens  that,  when  the  sea- 
bed of  the  zone  of  Fuci  or  LaminaricE  is  composed  of  loose  materials, 

such  as  shingle,  the  mass  of  weed  attached  to  small  blocks  or  pebbles 
becomes  buoyant  enough  to  float  them  ;  in  this  way,  when  the  plants 
have  attained  their  full  growth,  and  gales  of  wind  set  in,  the  plants 
lift  great  quantities  of  deep  shingle  from  off  its  bed,  and  carry  it  into 
the  upper  sea-line.  With  a  gale  and  a  falling  tide,  the  weed  may,  in 

*  See  Manual,  5th  ed.  p.  243. 
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like  manner,  convey  marginal  shingle  outwards ;  but  the  transport 
in  this  direction  is  far  less  in  amount  than  it  is  in  the  other. 

Such  a  process  as  this  has  been  in  operation  at  all  geological 
periods  ;  and  some  years  since  I  indicated  it  as  the  only  one  by  which 
large  detached  valves  of  such  shells  as  Oysters  (Exogyra  gryphcea) 
could  have  found  their  way  into  the  fine  sandy  beds  of  the  Lower 
Greensand  formation. 

Sea-plants  have  their  limits  of  growth  ;  and  the  bulk  of  each  mass 
will  be  limited  by  the  support  or  surface  of  attachment :  conversely, 
therefore,  there  is  a  limit  to  the  size  and  weight  of  the  materials 
which  can  be  lifted  by  such  an  agency.  As  far  as  my  own  observa- 

tions go,  the  floating  power  of  large  masses  even  of  Bladder-fucus 
does  not  disturb  shingle-stones  weighing  much  above  1  lb.  A  good 
deal  of  the  extraneous  shingle  from  the  White  Chalk  is  undoubtedly 
under  this  weight,  and  so  far  therefore  admits  of  being  thus  accounted 
for :  but  the  agent  becomes  wholly  inadequate  when  considered  with 
reference  to  blocks  of  12  and  14  lbs.  weight,  such  as  have  occurred 

in  Sussex ;  still  less  could  any  conceivable  mass  of  sea- weed  have  ever 
carried  the  Purley  boulder. 

But,  even  if  it  be  assumed  that  sea-plants  of  that  time  could  have 
lifted  the  largest  boulder,  and  that  a  tangled  mass  of  them  could 
have  floated  away  at  the  same  time  all  the  smaller  stones  associated 
with  it,  the  difficulty  as  to  the  mass  of  loose  sand  still  remains. 

Sea- plants,  when  detached  from  their  proper  zone,  are  constant 
agents  in  transferring  the  animal  forms  belonging  to  it,  as  well  out- 

wards as  upwards ;  and  it  was  in  this  way  most  probably  that  the  White 
Chalk  acquired  the  very  peculiar  assemblage  which  it  contains.  This 
agency,  like  that  of  floating  trees,  is  not  to  be  excluded  with  refer- 

ence to  past  times,  and  may  possibly  have  been  engaged  in  trans- 
porting some  of  the  smaller  pebbles,  which  are  met  with  in  beds 

into  which  they  could  not  have  been  drifted.  Naturalists,  who  are 
well  aware  how  many  forms  are  to  be  found  amidst  the  roots  of  sea- 
plants  when  these  are  washed  up  to  the  marginal  zone,  will  see  that 
these  must  act  as  the  distributors  of  the  fauna  of  the  same  sea-zone 
when  the  plants  are  drifted  away  outwards. 

Masses  of  ice  floating  at  sea  have  two  distinct  sources  of  origin  ; 
and,  as  a  consequence  of  this,  they  are  also  distinct  in  the  external 
characters  of  the  records  they  leave.  The  larger  masses  known  as 
icebergs,  which  are  the  terminal  portions  of  the  glaciers  of  Polar 
regions,  which  have  reached  down  to  the  sea,  have  been  reported 
by  a  long  list  of  observers  to  be  laden  with  detritus :  in  this  case  the 
detritus  is  sub-aerial,  and  its  form  angular.  Yet  I  have  not  seen  a 
single  angular  fragment  from  the  White  Chalk,  nor  from  any  part  of 
the  Cretaceous  series. 

There  is  another  form  of  floating  ice,  in  which,  though  it  is  far 
less  imposing  in  respect  of  its  mass,  it  is  of  infinitely  greater  power 
as  a  means  of  transport.  This  ice  has  its  origin  along  the  coast-lines 
of  Polar  lands  ;  it  incorporates  itself  with  all  the  materials  of  the 
beaches  to  which  it  is  attached ;  it  acquires  increased  buoyancy 
from  the  snow-ice  which  collects  on  its  surface  ;  and,  when  the  annual 
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period  of  the  breaking  up  of  the  coast- ice  arrives,  great  masses  are 
drifted  away,  bearing  with  them  in  their  under  surfaces  compact 
masses  of  frozen  beach,  which  separates  itself  as  the  ice  decays. 

We  have  only  to  imagine  a  case  where  a  portion  of  such  a  floe, 
so  laden,  should  have  wasted  as  it  travelled  into  warmer  regions,  so 
that  it  no  longer  retained  sufficient  buoyancy  to  float  the  mass  of 
boulders,  shingle,  and  detritus  attached  to  it ;  and  what  remained 
would  then  sink  together,  and  become  buried  in  whatever  the  sub- 

stance of  the  sea-bed  beneath  the  spot  might  happen  to  be. 
Geologists  have  long  since  become  aware  of  the  power  of  coast-line 

ice  as  a  moving  agent :  even  in  our  climate  and  country  its  mode  of 
action  is  exhibited ;  it  may  be  well  seen  every  winter  over  the  north- 

ern European  area,  whilst  for  its  fullest  powers,  as  displayed  in  high 
northern  regions,  we  have  graphic  pictures  in  the  narrative  of  Dr. 
Kane.  I  know  of  no  other  agent  but  that  of  coast-ice  by  which 
a  mass  of  incoherent  materials  could  have  been  held  together,  as  a 

characteristic  portion  of  a  sea-beach,  and  so  deposited  at  a  vast 
distance  from  the  nearest  land.  Such,  1  conclude,  was  the  nature  of 

the  agency  by  which  the  assemblage  discovered  in  the  chalk  at 
Purley  was  kept  together  and  conveyed. 

Form  and  composition  of  the  Land  of  the  Cretaceous  Period. — 
The  upper  Mesozoic  group  (cretaceous)  in  its  northern  expansion 
outspanned  the  limits  of  the  lower  Mesozoic  (oolitic).  We  have 
abundant  evidence  that  strata  of  Great  Oolite  and  Oxford  Clay  entered 
into  the  coast-line  of  the  Lower  Greensand  sea ;  but  the  materials 

carried  into  the  area  of  the  chalk-deposit  have  as  yet  consisted  mainly, 
if  not  exclusively,  of  Crystalline  and  Palaeozoic  formations. 

Such  was  the  character  of  the  dry  land  which  bounded  the  cre- 
taceous gulf  or  bay  extending  west  from  the  Cotentin,  across  our 

south-eastern  area,  towards  Sweden. 
It  remains  only  to  notice,  and  that  most  cursorily,  the  composition 

of  those  areas  of  land  which  existed  as  such  at  the  time  of  the  greatest 
extension  of  the  Cretaceous  ocean,  and  which  continue  as  such  at  the 

present  time. 
On  the  west  the  cretaceous  strata  of  Noirmoutier  indicate  littoral 

conditions,  as  also  do  those  of  Aix  (oolitic)  or  Charentelnferieure.  Such 
is  the  case  also  with  respect  to  the  sands,  shingle-beds,  and  calcareous 
strata  of  the  Cotentin.  The  intervening  country  between  these  two 
localities,  which  forms  the  western  district  of  France,  consists  of 
gneissic  and  granitic  rocks,  with  old  sedimentary  slates  and  sandstones 
(quartzite).  The  west  of  England  is  similarly  composed.  We  may 
place  the  whole  of  the  area  between  these  two  adjoining  peninsulas 
in  the  condition  of  land-surface  at  the  end  of  the  Cretaceous  period, 
and  may  extend  this  old  land  far  into  the  present  Atlantic  area. 

The  small  outlier  of  Cretaceous  sand  near  Bideford  shows  that  the 

Cretaceous  sea  must  have  had  an  extension  considerably  to  the  west 
of  its  present  limits.  The  course  of  the  outline  of  this  sea  across  our 
island  may  be  passed  over  for  the  present,  as  the  extraneous  materials 
in  the  White  Chalk  do  not  resemble  any  of  the  crystalline  rocks  of  our 
series.    In  the  south  of  Sweden,  on  the  contrary,  the  cretaceous  beds 
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along  a  line  drawn  from  Engelholm  on  the  west,  to  Karlskrona  on  the 
east,  rest  on  granite,  gneiss,  claystone- porphyry,  and  old  sedimentary 
slates  and  sandstones. 

It  perhaps  may  be  thought  by  some  that,  by  the  aid  of  such  a  col- 
lection of  extraneous  materials  as  has  been  now  brought  together,  it 

would  have  been  easy  to  have  determined  almost  with  certainty  the 
precise  portions  of  the  old  cretaceous  coast-line  from  which  they  had 
been  derived  ;  such,  however,  at  present  is  not  the  case. 

M.  Brongniart  has  noticed  the  very  great  resemblance  which  exists 
between  the  crystalline  rocks  of  the  Cotentin  and  Scandinavia  ;  and 
either  district  could  have  furnished  the  large  block  of  quartzite  now 

in  Mr.  Catt's  collection.  On  the  whole,  however,  and  guided  mainly 
by  the  peculiar  greenstone-porphyry,  and  the  condition  of  the  large 
boulder  from  Purley,  from  which  the  mica  has  been  removed,  as  it 
has  from  great  masses  of  a  Scandinavian  granite,  I  am  disposed  to 
look  to  that  quarter  as  the  source  of  the  extraneous  materials  of  our 
Chalk-formation. 

There  is  a  difficulty,  however,  which  I  feel  will  suggest  itself  to 
some,  with  respect  to  the  agency  of  floating  ice  in  transporting  the 
materials  imbedded  at  Purley  :  it  may  be  asked  whether  in  such  case 
we  should  not  long  since  have  become  familiarized  with  the  opera- 

tions of  such  an  agent  with  reference  to  the  Chalk-period,  seeing  the 
extent  to  which  that  formation  is  quarried.  Such  an  objection  is  in 
part  negative  only :  much  evidence  akin  to  that  at  Purley  may  have 
presented  itself,  and  yet  not  have  been  noticed.  But,  even  should  the 
assemblage  met  with  at  Purley  be  the  first  of  its  kind  that  has  ever 
been  met  with  till  now,  we  may  feel  sure  that  thousands  of  like  cases 
are  concealed  in  the  mass  of  the  Chalk,  from  the  incalculable  im- 

probability which  exists  that  the  Purley  phenomenon  should  be  the 
only  one  of  its  kind  throughout  the  formation.  It  is  only  with  refer- 

ence to  such  mixed  assemblages  of  boulders,  shingle,  and  sand,  that 
the  agency  of  ice  is  required. 

The  physical  arrangement  of  the  circumjacent  portions  of  the 

earth's  surface  at  the  Cretaceous  period  preclude  the  idea  that  floating 
coast-ice  could  have  been  either  a  constant  or  a  very  powerful  agent 
of  transport  with  reference  to  the  White-chalk  area  of  Europe.  The 
line  of  coast,  from  which  it  has  been  suggested  that  the  Croydon 

boulder  was  derived,  lay  a  little  to  S.  of  the  60°  of  north  latitude  ; 
and,  though  coast-ice  is  a  powerful  agent  there  at  present,  the  inten- 

sity of  cold  must  have  been  modified  then  by  the  expanse  of  sea  that 
lay  immediately  to  the  south.  The  requisite  degree  of  cold  need  not 
have  been  greater  than  what  has  occasionally  been  experienced  on 
our  own  eastern  coast,  when  ice  has  lifted  and  floated  away  far  greater 
weights. 

Many  general  results  will  some  day  be  arrived  at  from  the  study 
of  the  extraneous  mineral  materials  of  our  old  oceanic  deposits  ;  by 
their  means  we  shall  certainly  arrive  at  a  definite  outline  for  the 
ocean  of  the  Cretaceous  period. 
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January  6,  1858. 

The  Rev.  Arthur  W.  Ingram,  M.A.,  Hawington,  and  Timothy 
Curley,  Esq.,  Hereford,  were  elected  Fellows. 

The  following  communications  were  read  : — 

1.  On  Cephalaspis  and  Pteraspis.  By  Thomas  H.  Huxley, 
F.R.S.,  F.G.S.,  Professor  of  Natural  History,  Government  School 
of  Mines. 

[Plates  XIV.  XV.] 

The  genus  Cephalaspis  (Agassiz)  was  originally  established  to  in- 
clude four  species  of  Devonian  fishes, — C.  Lyellii,  C.  rostratus, 

C.  Lloydii,  and  C.  Lewisii ;  but  the  differences  between  the  first  and 
the  last  of  these  species  were  so  great,  that  the  founder  of  the  genus 
himself  suggested  the  probability  of  their  future  separation. 

The  two  groups  of  species  are  said  by  Prof.  Agassiz  to  be  con- 
trasted not  only  by  their  forms,  but  also  by  their  minute  structure. 

In  regard  to  form,  the  cephalic  disc  of  Cephalaspis  Lyellii  is  stated 

to  possess  an  almost  semicircular  anterior  outline,  while  its  postero- 
lateral angles  are  greatly  prolonged  backwards.  The  middle  part  of 

the  occipital  region,  Prof.  Agassiz  adds,  is  cut  off  almost  square 
(coupee  presque  carrement).  As  regards  this  last  point,  however, 
my  own  observations  are  at  variance  with  his  description. 

Several  specimens  in  the  museum  of  this  Society  show  that 
the  middle  of  the  occipital  margin  is  not  truncated,  but  is  greatly 
produced  backwards,  the  margins  of  the  produced  portion  being 
concave.  The  same  peculiarity  is  clearly  distinguishable  in  the 
specimen  of  C.  Lyellii  now  in  the  British  Museum,  and  figured 
by  M.  Agassiz,  pi.  1.  a.  2  :  indeed  the  artist  has  faithfully  depicted 
the  real  contour  of  the  occipital  margin  in  the  figure  cited.  The 

well-known  occipital  spine  is  supported  by  this  produced  portion  of 
the  disk. 

The  discoid  bodies,  corresponding  to  all  appearance  with  the 
cephalic  disc  of  C.  Lyellii,  upon  which  alone  the  species  C.  Lewisii 
and  Lloydii  were  established,  differ  widely  from  C.  Lyellii,  being 
oval  in  contour  and  not  prolonged  into  postero-lateral  cornua. 

The  structural  differences  observable  in  the  disk  of  C.  Lyellii 
on  the  one  hand,  and  of  C.  Lewisii  and  Lloydii  on  the  other,  are 
thus  stated  by  Prof.  Agassiz : — 

"  In  C.  Lyellii  the  head  is  covered  with  a  pavement  of  polygonal 
plates,  altogether  similar  to  that  which  covers  the  head  of  Ostracion. 
Each  plate  is  convex  in  the  centre,  and  is  marked  by  radiating  grooves 
ending  at  the  margin  in  denticulations,  by  which  the  scales  interlock. 
These  scales  appear  to  be  osseous  and  to  have  their  external  surface 
enamelled.  At  the  circumference  of  the  disk  they  become  con- 

founded together,  and  the  enamel  presents  wrinkles  parallel  to  the 

edge.'5  Elsewhere  these  plates  are  said  to  be  "true  scales  juxta- 

posed." In  the  '  Recherches,'  M.  Agassiz  describes  "  fibrous  bones  of  the 
VOL.  XIV.— PART  I.  T 
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head  "  under  the  "  scales,"  and  he  particularly  mentions  and  figures 
the  radiating  direction  of  these  "  fibres  ;"  but  in  the  *  Monograph  of 
the  Old  Red  Sandstone  Fishes '  I  find  the  following  general  remarks 
applied  to  the  whole  of  the  Cephalaspidce : — 

"  It  would  appear  from  the  condition  of  the  specimens  preserved, 
that  all  the  cranial  bones  were  only  protecting  plates,  which  covered 
a  cartilaginous  cranium  similar  to  that  of  the  Sturgeons  ;  at  least 
I  have  never  been  able  to  discover  any  cranial  bones  deprived  of 
that  characteristic  granulation,  which  indicates  that  the  plates  were 
in  direct  relation  with  the  integument.  Therefore,  I  think  there  can 
be  no  doubt  that  all  these  granular  plates  rested  by  their  inner  and 
smooth  surface  on  a  cranial  cartilage,  such  as  is  found  in  cartilaginous 

fishes  and  in  the  embryos  of  osseous  fishes." — Monog.  Gres  Rouge, 

p.  3. Nevertheless,  in  speaking  of  the  genus  Cephalaspis,  a  few  pages 
further  on,  Prof.  Agassiz  states  that  he  has  nothing  to  add  to  his 
previous  account  of  the  genus ;  so  that  I  am  puzzled  to  know  what 
view  I  ought  to  ascribe  to  him  at  present.  We  shall  see  by-and- 
by  that  the  last-quoted  is  the  only  one  warranted  by  the  facts  of 
the  case. 

The  disk  of  Cephalaspis  Lloydii  is  said  to  consist  of  an  external 

striated  enamel,  of  a  middle  layer  "  composed  of  granules  similar  to 
those  of  the  bones  of  Chondropterygious  fishes,"  and  of  an  internal 
layer  made  up  of  superimposed  lamellae.  Prof.  Agassiz  considers  that 

this  structure  "  singularly  recalls  that  of  the  test  of  the  Crustacea" 
Notwithstanding  these,  partly  real  and  partly  imaginary,  differences 

between  his  different  species  of  Cephalaspis,  Prof.  Agassiz  found  in 
Cephalaspis  rostratus  (a  species  which  I  have  had  no  opportunity 
of  observing)  a  form  and  structure  of  so  transitional  a  character  that 
he  included  them  all  under  the  same  genus. 

That  so  close  an  affinity  obtains  between  all  the  species  of  Cepha- 
laspis has,  however,  been  disputed  latterly  by  M.  Rudolph  Kner, 

who  in  1847  published  a  memoir  in  Haidinger's  '  Naturwissenschaft- 
liche  Abhandlungen  *  for  the  purpose  of  proving  that  C.  Lloydii 
and  C.  Lewisii  are  not  piscine  remains  at  all,  but  that  they  are  the 

internal  shells  of  a  Cephalopod  allied  to  Sepia,  for  which  he  pro- 
posed the  name  of  Pteraspis. 

M.  Kner's  reasoning  is  based  upon  his  examination  of  the  structure 
of  a  fossil  (evidently  closely  allied  to  C.  Lloydii)  from  the  Silurian 
rocks  of  Gallicia.  The  form  of  this  fossil,  says  M.  Kner,  is  very 
similar  to  that  of  C.  Lloydii ;  but  it  is  larger,  having  a  length  of  about 
four  inches  by  a  width  of  two.  It  consists  of  three  layers.  The 
innermost  is  shining,  bluish-green,  enamel-like,  and  presents  four  or 
five  distinct  lamellae.  This  layer  forms  one  continuous  surface 
marked  in  the  centre  by  a  longitudinal  depression,  smaller  at  one 
end  than  at  the  other,  and  by  obscure  radiating  lines.  The  upper 
part  of  the  conical  depression  is  covered  with  minute  pores  or 
depressions,  which  are  visible  in  the  deeper  as  well  as  in  the  more 
superficial  layers,  but  become  evanescent  in  its  lower  part. 

Between  the  layer   of  enamel   and   the   prismatic   layer  which 
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succeeds  it,  there  lies  a  thin  dull  layer,  in  some  places  of  a  brownish 
colour.  This  is  followed  by  an  excessively  delicate  lamina  of  enamel 
which  lies  upon  the  prisms. 

The  layer  of  prisms  is  one  line  thick,  and  in  section  presents  a 
number  of  more  or  less  hexagonal  disks.  The  enamel  passes  for  a 
short  distance  between  the  prisms.  Externally  the  prisms  lie  on  a 

granular  layer,  to  which  the  outermost  very  delicate  "  epidermic  " 
lamina  marked  with  parallel  strise  succeeds. 

M.  Kner  asserts  (supporting  his  statement  by  the  authority  of 
Heckel)  that  in  no  known  fish  does  any  such  epidermic  or  prismatic 
layer  exist,  and  assuredly  no  such  continuous  internal  enamel-layer, 
as  in  the  fossil ;  and  he  then  proceeds  to  compare  the  latter  with 
the  cuttle-bone. 

M.  Kner  would  hardly  have  published  his  views,  had  he  sub- 
jected his  sections  to  a  more  minute  and  careful  microscopical  exami- 

nation. But,  even  apart  from  the  characteristicallv  piscine  structure 
of  these  disks,  very  strong  objections  suggest  themselves.  In  fact, 
to  get  at  any  sort  of  resemblance,  M.  Kner  has  to  compare  the 
outer  layer  of  the  fossil  with  the  inner  of  the  cuttle-bone,  and  vice 
versa ;  and  even  the  superficial  resemblance  in  the  striation  of  the 
two  bodies  is  anything  but  close. 

InDunkerand  Von  Meyer's  'Palseontographica'  (B.iv.  H.3. 1855) 
Roemer  gives  an  account  of  a  fossil,  which  he  refers  to  the  Sepiadce, 
under  the  name  of  Palceoteuthis.  Whether  this  body  is  or  is  not 
a  Cephalopod,  is  a  point  I  will  not  enter  upon  here  ;  but  Roemer  in 

referring  to  Kner's  Memoir,  expresses  the  opinion  that  the  Pteras- 
pides  are  Crustacea. 

Mr.  Salter  and  myself  described  two  new  species  of  Cephalaspidce 

allied  to  C.  Lloydii  (Ag.),  in  a  note*  appended  to  a  paper  read  before 
this  Society  by  Mr.  Banks,  in  December  1855.  Without  acceding 

to  Kner's  views  respecting  the  zoological  affinities  of  such  Cephalae- 
pids,  we  adopted  his  name.  The  facts  to  be  detailed  in  the  present 
paper  will,  I  believe,  fully  justify  this  step  ;  and  I  shall  hereafter  speak 
of  C.  Lloydii  and  its  allies  under  the  generic  name  of  Pteraspis. 

Professor  Pander  j*  has  recently  described  two  Silurian  species  of 
Cephalaspis  (C.  verrucosus  and  C.  Schrenckii)  both  from  Rootsikiille. 
The  former  somewhat  resembles  C.  ornatus  (Egerton),  having  a 
highly  ornamented  and  tuberculated  upper  surface.  In  the  broad 
tuberculated  antero-dorsal  plates,  separated  from  the  head  by  a  suture, 
it  foreshadows  Auchenaspis,  Eg.  C.  Schrenckii  has  hexagonal  orna- 

mented plates  upon  its  disk. 
Professor  Pander  appears  to  think  that  the  margins  of  the  disk  re- 

present jaws,  being  led  to  this  conclusion,  apparently,  by  their  produc- 
tion into  short  quadrate  serrations,  which  he  regards  as  teeth.  Sections 

of  these  "jaws"  and  "teeth,"  examined  microscopically,  exhibited 
"  a  homogeneous  base,  in  which  clear  and  dark  cells  of  the  most 
various  forms — rounded,  elongated,  and  angular,  with  fine  radiating 
branches,  lay  scattered,  and  were  frequently  disposed  in  concentric 

*  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  100. 
f  Monographie  der  fossilen  Fische  des  Silurischen  Systems.     1856. 

t2 
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layers,  where  a  tubercle  rose  above  the  general  surface.  Although 
they  have  not  the  same  regular  form  as  ordinary  bone-lacunse  (such 
as  occur  in  Pterichthys  and  Coccosteus),  yet  they  can  hardly  be 
called  by  any  other  name.  The  very  thin  narrow  teeth,  closely  united 
with  the  margins  of  the  jaws,  and  coalescent  with  them,  have  a  porous 
basis,  and  shining,  broad,  sharp  upper  and  lateral  edges.  If  both 
surfaces  are  carefully  rubbed  down,  the  basis  is  seen  to  consist  for 
the  most  part  of  a  homogeneous  transparent  mass,  full  of  small  dark 
cells,  from  which  the  very  fine  tubuli  radiate  in  all  directions,  branch 
out,  unite  with  the  neighbouring  ones,  and  by  their  many  anasto- 

moses form  a  most  complex  network.  Towards  the  shining  surface,  as 

well  as  anteriorly  and  posteriorly — at  least,  certainly,  towards  one  sur- 
face— the  cells  cease  ;  the  tubuli,  winding  irregularly  in  the  base,  take 

a  straight  course,  and  ascend  apparently  with  an  enlarged  diameter, 
without  convolutions  and  rarely  branching,  towards  the  external 

sharp  angle."  (7.  c.  p.  46.) 
I  am  not  aware  of  the  existence  of  any  other  account  of  the  minute 

structure  of  Cephalaspis  and  Pteraspis  beyond  these ;  and  I  will 
therefore  now  proceed  to  the  immediate  subject  of  this  paper,  which 
is,  to  describe  that  structure  more  fully  and,  I  hope,  more  accurately 

than  previous  observers  have  done, — to  compare  Pteraspis  and  Cepha- 
laspis, pointing  out  their  real  differences  and  resemblances, — and 

finally  to  consider  the  bearing  of  the  structural  facts  upon  the  ques- 
tion of  the  zoological  position  of  these  ancient  fishes. 

Cephalaspis.     (PI.  XIV.) 

In  but  few  of  the  specimens  of  Cephalaspis  Lyellii  which  I  have 

had  the  opportunity  of  observing,  has  the  external  surface  of  the  ce- 
phalic shield  been  well  exhibited,  or  preserved  over  any  considerable 

surface.  Where  best  shown  it  is  somewhat  uneven,  and  presents  that 
curious  apparent  division  into  polygonal  (usually  hexagonal)  arese 
which  has  been  described  by  Professor  Agassiz.  On  examining  the 

apparent  sutures  closely,  however,  they  have  not  presented  to  my  ob- 
servation precisely  the  appearance  figured  in  the  pi.  1  b.  fig.  2.  of  the 

'  Recherches.'  They  appear  rather  as  if  short,  delicate,  reddish- 
brown  lines  had  been  ruled  across  the  line  of  junction  of  the  sides  of 
the  hexagons,  for  some  way  towards  the  centre  of  each  hexagon;  and 
these  lines  are  so  gently  convergent  as  to  seem  nearly  parallel. 
Neither  do  I  remember  to  have  met  with  such  strongly  marked  cen- 

tral elevations  as  those  represented  in  the  figure  cited. 
The  inner  surface  of  the  disk  has  presented  itself  well  preserved 

in  more  than  one  specimen.  It  never  exhibits  any  trace  of  the 

apparent  sutures  of  the  outer  surface  (compare  Agassiz's  'Recherches,' 
pi.  1  b.  fig.  3,  where  this  fact  is  clearly  shown),  but  appears  whitish, 
enamel-like,  and  very  smooth  where  it  is  not  furrowed  by  certain 
shallow  and  narrow  depressions  which  radiate  from  the  region  of  the 
orbits  and  occiput  towards  the  margin,  before  reaching  which  they 
repeatedly  subdivide  and  anastomose.  I  do  not  doubt  that  these  are 
the  impressions  of  the  vessels  which  ramified  under  the  disk  during 
life.    Sometimes,  by  the  elevation  of  the  substance  of  the  disk  into  a 
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wall  on  each  side  of  one  of  these  depressions,  the  latter  may  become 
almost  converted  into  a  canal,  so  as  to  retain  a  portion  of  the  matrix. 
This  however  is  a  rare  occurrence. 

When  the  concave  inner  surface  of  a  disk  and  the  convex  cast  of 

another  specimen  are  compared,  it  is  at  once  seen  that  the  "  radiating 
fibres"  of  the  one  correspond  with  the  grooves  and  furrows  of  the 
other.  The  surface  of  the  cast  is  remarkably  darker  than  the  sur- 

rounding matrix,  and  might  not  unreasonably  at  first  be  supposed 
to  be  of  a  different  nature.  When  the  inner  surface  of  the  disk  is 

carefully  examined  with  a  magnifying  glass,  a  number  of  reddish- 
brown  minute  dots  appear  scattered  irregularly  over  its  surface.  It 
will  be  seen  immediately  that  these  are  the  internal  openings  of  vas- 

cular canals  which  enter  the  substance  of  the  disk. 

If  a  vertical  section  of  the  cephalic  shield  of  Cephalaspis  Lyellii 
is  carried  through  the  orbits  and  perpendicularly  to  the  axis  of  the 
body,  it  will  be  seen  that  the  disk  is  exceedingly  thin,  hardly  anywhere 

attaining  ̂ -th  of  an  inch  in  thickness,  except  at  the  margins  and  the 
spine,  which  are  thicker.  At  the  lateral  margin  the  thin  lamella  is 
bent  abruptly  and  almost  horizontally  inwards  for  about  a  quarter  of 
an  inch.  It  then  suddenly  thins  so  much  as  to  be  little  more  than 
a  flexible  membrane,  which  in  the  specimen  now  under  description 
is  pressed  up  into  close  proximity  with  the  dorsal  part  of  the  shield 

The  thinness  and  fragility  of  the  disk  of  Cephalaspis  render  it 
difficult  to  obtain  good  sections  for  microscopical  examination.  The 

best  I  have  seen  (PL  XIV.  fig.  1.)  is  taken  at  an  angle  of  about  45° 
to  the  longitudinal  axis  of  the  head,  and  intersects  the  occipital  spine 
just  beyond  its  origin.  The  section  of  the  spine  is  in  the  best  con- 

dition, and  may  be  described  first. 

It  is  about  -j^th  of  an  inch  thick  in  its  thickest  part,  which  corre- 
sponds with  the  median  ridge  of  the  spine,  and  presents  three  regions 

or  layers,  distinguishable  from  one  another  partly  by  their  minute 
structure,  and  partly  by  the  different  mode  of  distribution  of  the  vas- 

cular canals  by  which  the  tissue  is  permeated  in  each.  The  inner- 
most or  deep  layer  (d)  is  made  up  of  superimposed  lamellae  not 

more  than  -g^nnfth  of  an  inch  thick,  each  of  which  sometimes  ap- 
peared to  be  still  more  finely  laminated. 

Interspersed  among  these,  at  greater  or  less  distances,  are  numerous 
osseous  lacunae,  whose  long  axes  are  parallel  with  the  planes  of  the 
laminae  (fig.  3).  The  length  of  these  lacunae  varies  greatly,  but 
may  be  taken  at  J^tli  of  an  inch  on  the  average  ;  some,  however, 
are  twice  or  three  times  this  length,  while  others  are  much  less.  The 
transverse  diameter  is  equally  variable ;  but  nOne  that  I  measured  ex- 

ceeded -g-^-^th  of  an  inch  in  this  direction.  The  form  of  the  lacunae 
is  very  irregular  in  consequence  of  the  long  branching  and  anasto- 

mosing canaliculi  which  are  given  off  not  only  from  their  ends  but 
from  their  sides.  In  some  parts  the  innermost  layer  appears  almost 
black  when  viewed  by  transmitted  light,  in  consequence  of  the  quan- 

tity of  air  retained  in  the  multitudinous  lacunae  and  canaliculi.  3 
l>nx?$  vascular  canals,  measuring  from  -g-oiyth  tp  ̂ yth  of  an  inch 
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in  diameter,  whose  inner  openings  correspond  with  the  brown  spots 
on  the  inner  surface,  traverse  the  innermost  layer  very  obliquely,  in 
their  course  towards  the  middle  layer  (fig.  1,  e.)  Their  branches  are 
few,  and  for  the  most  part  run  parallel  with  the  main  trunk ;  but 
they  give  off  a  great  multitude  of  minute  canaliculi,  which  anastomose 
with  those  of  the  nearest  lacunae.  Such  of  these  canals  as  I  have 

seen  in  section  were  oval,  their  long  diameters  being  parallel  with  the 
planes  of  the  lamellae.  In  the  specimen  described  the  walls  of  the 
canals  are  lined  with  a  reddish  matter  (like  oxide  of  iron)  ;  and  a 
similar  substance  obstructs  many  of  the  canaliculi. 

The  middle  layer  (c)  is  distinguished  from  the  inner  by  the  rarity 
or  entire  absence  of  the  lacunae,  and  by  the  indistinctness  of  the 
lamination  as  compared  with  that  of  the  deep  layer.  Such  stria- 

tums of  the  nearly  homogeneous  base  as  seem  to  indicate  lamination 
are,  in  the  middle  and  inner  parts  of  the  middle  layer,  so  disposed 
as  to  be  nearly  perpendicular  to  those  of  the  deep  layer,  appearing 
to  follow  the  course  of  the  vascular  canals. 

The  latter  are  continuous  with  the  large  vascular  canals  of  the 
deep  layer,  but  they  are  smaller  and  form  a  close  network.  Each  of 
the  large  canals,  on  reaching  the  middle  layer  gives  off  several 
branches,  which  run  nearly  parallel  with  the  surface  (and  there- 

fore greatly  inclined  to  the  course  of  the  great  canals),  and  anasto- 
mose with  those  around,  above,  and  below  them.  In  this  particular 

part  of  the  disk,  in  fact,  a  large  canal  gives  off  as  many  as  three  tiers 
of  these  lateral  branches,  separated  from  one  another  by  not  much 
more  than  their  own  diameter,  and  all  ramifying  and  anastomosing 
with  one  another.  These  lateral  vascular  canals  have  at  first  a  dia- 

meter of  about  -gxnyth  of  an  inch  ;  but  many  of  their  anastomotic 
branches  are  much  smaller. 

Sooner  or  later  all  these  branches  appear  to  end  in  a  close  "  super- 
ficial network,"  b,  which  lies  in  the  boundary  between  the  middle 

and  the  superficial  layers.  The  latter  or  third  layer  of  the  disk  (a) 
sometimes  appears  structureless,  at  others  presents  an  obscure  vertical 
striation,  as  if  it  were,  like  enamel,  made  up  of  minute  fibres.  The 
superficial  vascular  network  sends  into  it  a  great  number  of  minute 
short  processes,  which  branch  out  abruptly  at  their  ends,  like  a  thorn- 
bush  or  a  standard  rose-tree,  and  end  in  excessively  fine  tubuli,  like 
those  of  dentine.  The  tubuli  appear  empty  and  are  much  finer  than  the 
vascular  processes,  which  are  usually  full  of  the  dark  red  matter 
before  referred  to.  Hence,  when  the  section  is  viewed  by  transmitted 
light,  the  vascular  canals  are  very  distinct,  and  appear  to  end  abruptly 
in  the  deep  half  of  the  superficial  layer,  while  the  tubuli  have  the 
aspect  of  fine,  clear,  sparsely  ramified  lines,  by  no  means  so  readily 
visible.  In  some  cases  they  seem  to  open  on  the  surface.  This 
substance,  it  will  be  observed,  corresponds  very  closely  in  structure 
with  the  "cosmine"  of  Professor  Williamson.  I  have  been  unable  to 

find  any  trace  of  a  "ganoin"  layer  external  to  it. 
The  superficial  layer  does  not  form  a  continuous  whole,  but  is  seen 

in  the  section  to  be  divided  into  masses  of  various  length  by  inter- 
spaces or  gaps,  which  extend  as  far  as  the  superficial  vascular  net- 
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work,  the  canals  of  which  appear  indeed  to  open  into  the  bottom  of 
the  interspaces. 

A  structure  in  every  essential  respect  similar  to  that  just  described 

is  to  be  found  in  all  other  completely  ossified  parts  of  the  cephal  Jc 
shield,  whether  dorsal  or  ventral.  In  other  regions  of  the  dorsal 
part,  however,  the  lamination  of  the  inner  layer  is  far  more  marke  d ; 
and  as  a  general  rule  the  middle  layer  in  these  parts  of  the  shield  is 
thinner  and  contains  fewer  layers  of  lateral  vascular  ramuscules.  The 
like  is  true  of  the  inner  part  of  the  ventral  region,  in  which  only 
a  single  layer  of  close-set  vascular  canals  makes  its  appearance 
(PI.  XIV.  fig.  5).  The  flexible  part  of  the  ventral  layer  appears  to 
be  composed  of  the  lamellar  inner  layer  only ;  and  the  thick  margins 
of  the  disk  resemble  the  spine  in  structure. 

The  structure  of  the  ventral  layer,  enclosed  as  it  is  on  both  sides  by 
the  matrix,  is  usually  very  well  displayed  in  sections,  and  the  b  etter, 
on  account  of  the  dark  reddish-brown  hue  which  is  acquired  b  y  the 
matrix,  for  some  little  distance  from  its  line  of  contact* with  the  ani- 

mal substance.  But  neither  in  these  nor  in  any  other  secti  ons  can 
any  trace  of  bony  substance  be  discovered  beyond  that  whic  h  enters 
into  the  composition  of  the  thin  cephalic  shield  itself.  I  believe, 

therefore,  that  the  so-called  "  fibrous  bone"  is  nothing  but  the  sur- 
face of  the  matrix  impressed  by  the  inner  surface  of  the  disk,  and 

stained  of  a  darker  colour  than  elsewhere. 

If  flakes  of  the  inner  layer  of  the  shield  be  detached  and  well  soaked 
in  hot  Canada  balsam,  they  become  transparent,  and  their  structure  is 
well  displayed  in  a  superficial  view  (fig.  3).  At  their  broken  edges,  the 
lamellae  of  which  they  are  composed  are  seen  cropping  out  one  beyond 
the  other ;  but  their  most  striking  feature  consists  in  the  long  lines 
of  lacunae  which  lie  in  parallel  and  equidistant  series  in  each  layer, 
so  that  under  a  low  power  it  appears  to  be  composed  of  broad  flat 
fibres  arranged  side  by  side.  The  axes  of  the  lacunae  of  each  layer 
are  directed  nearly  at  right  angles  to  those  of  the  layers  above  and 
below,  so  that  under  a  low  power  the  section  appears  cross-hatched 
by  a  series  of  dark  lines.  The  great  vascular  canals  are  well  seen 
traversing  the  successive  lamellae  very  obliquely. 

In  flakes  of  the  disk  similarly  treated,  but  containing  more  of  the 
middle  and  outer  layers,  fig.  2,  it  is  obvious  that  the  great  canals  divide 
into  the  branches  of  the  middle  layer  which  have  already  been  seen  in 
the  vertical  section,  chiefly,  if  not  only,  along  lines  corresponding  with 

the  apparent  sutures  between  the  so-called  "polygonal  scales."  The 
canals  of  the  middle  layer  are  very  singularly  arranged,  passing  from 
their  origin,  across  these  sutural  lines  and  nearly  parallel  with  one 

another,  towards  the  centre  of  the  adjacent  "scales."  The  appearance 
of  distinct  "  scales,"  and  of  the  curious  lines  along  their  boundaries,  is 
entirely  due  to  this  vascular  distribution,  the  canals  with  their  reddish 
lining  showing  very  distinctly  against  the  whitish  general  substance. 
In  these  views,  again,  the  fissures  by  which  the  superficial  layer  is 
interrupted  in  the  sectional  view  are  seen  to  be  nothing  more  than  the 
expression  of  the  valleys  between  the  irregular  and  inconspicuous 
tubercles  into  which  the  superficial  layer  is  raised  (PI.  XIV.  fig.  2). 



274  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.        [Jan.  6, 

Pteraspis.     (PL  XV.) 

A  fragmentary  specimen  of  Pteraspis  Banksii  (belonging  to  Mr. 
Marston)  affords  by  far  the  best  view  I  have  yet  met  with  of  the 
general  structure  of  the  shield  of  this  genus.  A  cast  of  the  outer 
surface  is  exhibited,  and  for  the  greater  part  of  its  extent  the  sub- 

stance of  the  shield  is  absent ;  but  in  the  centre  a  patch  is  left,  ex- 
hibiting all  the  layers  in  their  natural  condition  and  relations  (fig.  2). 

The  innermost  layer  (d)  is  composed  of  a  reddish-white  nacreous 
substance,  exhibiting  a  distinct  appearance  of  lamination  at  its  free 
edges  :  its  surface  is  somewhat  uneven,  and  presents  scattered  rounded 
apertures  about  yjjxfth  of  an  inch  in  diameter.  The  edges  of  these 
apertures  were  not  unfrequently  somewhat  raised  ;  and  their  cavities 
were  full  of  a  reddish  matter.  External  to  the  innermost  layer  is  the 
middle  layer  (c),  composed  of  vertical  plates  of  a  laminated  substance 
of  similar  appearance  to  the  inner  layer,  and  varying  in  thickness  from 

^-jLjth  of  an  inch  downwards.  These  plates  are  so  disposed  as  to 
form  a  network,  enclosing  polygonal  (4-5-6-sided)  cells  of  an  average 
diameter  of  about  ̂ y-th  of  an  inch. 

The  inner  apertures  of  these  cells  are  closed  by  the  inner  layer. 
Externally,  they  are  also  closed  by  a  substance  of  the  same  nature 
as  their  walls,  but  perforated  by  a  variable  number  of  apertures  some- 

what smaller  than  those  in  the  inner  layer  (b) .  The  inner  surface  of 
this  substance  presents  in  many  cases  a  striation  more  or  less  parallel 
to  the  sides  of  these  apertures  ;  and  when  it  is  broken  away  the 
thickness  of  the  layer  which  closes  the  outer  apertures  of  the  cells  is 
seen  to  be  permeated  by  numerous  small  canals  which  give  it  a  sort 

of  worm-eaten  or  reticulated  appearance.  I  will  call  this  the  "  reticular 

layer."  Lastly,  outside  the  reticular  layer  is  a  white  substance,  very 
imperfectly  visible  in  this  specimen,  in  which  no  canals  are  visible,  and 
which  constitutes  the  external  layer  (a). 

A  view,  the  precise  complement  of  that  just  described,  is  afforded 

by  another  of  Mr.  Marston' s  specimens  of  Pt.  Banksii.  This  ex- 
hibits, for  the  most  part,  a  cast  of  the  internal  surface  ;  but  towards 

the  edge  a  considerable  portion  of  the  shield  is  left  in  a  very  perfect 
state  of  preservation,  and  with  its  external  surface  intact.  The  external 
layer  is  produced  into  strong  ridges,  the  summits  of  which  are  turned 
outwards  and  their  bases  juxtaposed.  The  summits  of  the  ridges  are 
as  much  as  y^th  to  yy^th  of  an  inch  apart.  In  some  cases  they  were 
sharply  angular,  in  others  more  rounded.  Where  this  layer  was 
broken  away,  the  reticular  layer  beneath  it,  and  the  polygonal  cells 
of  the  next  layer  were  well  displayed.  The  bottoms  of  these  cells 
were  seen  to  be  closed  by  the  inner  layer,  and  in  this  apertures  were 
visible,  corresponding  with  those  on  its  inner  surface.  I  have  not 
examined  transverse  sections  of  this  species ;  but  the  structure  of 
Pt.  Lloydii  is  so  similar,  that  its  transverse  section  perfectly  elucidates 
the  appearances  presented  by  P.  Banksii. 

I  have  seen  no  specimen  exhibiting  the  unaltered  external  surface 
of  Pt.  Lloydii ;  but  its  internal  surface  and  its  other  layers,  where  the 
inner  one  is  broken  away,  are  well  displayed  in  two  specimens  belong- 
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ing  to  the  Geological  Society.  The  inner  layer  is  thin,  whitish,  and 
nacreous,  and  presents,  scattered  over  its  surface,  apertures  of  a  similar 
character  and  size  to  those  shown  by  Pt.  Banksii. 

The  next  layer  appears,  at  first,  to  be  very  different,  inasmuch  as 
it  seems  to  be  composed  of  irregular  reddish  prisms  with  white  inter- 

spaces.   The  prisms  have  a  diameter  of  ̂ j-th  of  an  inch,  more  or  less. 
The  reticular  layer  is  hardly  distinguishable  in  this  view ;  but  when 

the  apparently  prismatic  substance  is  broken  away,  either  a  thin 
filmy  outer  substance  is  visible,  or  a  peculiar  striation.  A  thin  sec- 

tion of  the  shield  ofPt.Lloydii  (fig.  1 ),  taken  perpendicularly  both  to 
its  plane  and  to  its  long  axis,  exhibits  the  following  appearances  when 

viewed  with  a  low  power  by  reflected  light.' 
The  total  thickness  of  the  section  is  about  ̂ 0tn  °*  an  iuch,  and  of 

this  amount  about  -j-nyth  of  an  inch  is  occupied  by  the  inner  layer, 
y^th  of  an  inch  by  the  second  layer,  ̂ -jj-^th  of  an  inch  by  the  next, 
and  yj-0th  by  the  outermost  layer. 

The  outer  layer  (a)  appears  to  consist  of  a  series  of  papillary  eleva- 
tions which  have  a  broad  free  end,  and  are  attached  by  narrow  bases,  so 

that  a  triangular  interspace  with  its  apex  outwards  is  left  between 
every  pair  of  elevations.  The  matrix  filling  these  interspaces,  and 
for  some  distance  in  the  immediate  vicinity  of  the  outer  surface,  is 
much  darker  than  elsewhere,  and  has  a  deep  brown  hue.  The  attached 
ends  of  the  elevations  pass  into  a  whitish  substance,  which,  under 
this  power,  looks  similar  to  their  own.  It  is  traversed  by  many  reddish 
canals,  which  send  diverticula  into  the  elevations  (b)  ;  and  hence  this 

substance  clearly  represents  the  "  reticular  layer"  of  Pt.  Banksii.  At 
intervals  of  about  y^th  to  yrotn  of  an  inch  or  thereabouts,  thin  septi- 
form  processes  are  given  off  from  the  reticular  layer,  and  pass  perpen- 

dicularly inwards  to  the  inner  layer ;  they  thus  subdivide  the  second 
layer  into  a  series  of  irregularly  quadrate  spaces,  corresponding  with 
the  prisms  seen  in  the  superficial  view. 

The  inner  layer  is,  like  the  rest,  whitish,  and  is  traversed  parallel 
with  its  surface  by  four  or  five  much  whiter  streaks,  so  that  it  appears 
to  be  composed  of  only  a  corresponding  number  of  lamellae  ;  but  on 
allowing  the  light  to  pass  through  the  section,  it  is  at  once  obvious 
that  each  of  these  apparent  lamellae  is  in  reality  made  up  of  many  of 
the  primitive  laminae  which  constitute  the  inner  layer,  and  that  the 
bright  and  dull  white  streaks  are  due  entirely  to  a  difference  of  texture 
or  composition  in  the  successive  groups  of  laminae. 

Under  a  high  power  the  laminae  are  seen  to  have  a  thickness  of 
about  4;^00th  of  an  inch,  and  to  run  nearly  parallel  with,  and  closely 
applied  to,  one  another.  They  present  an  indistinct  vertical  striation, 
but  exhibit  no  canals  nor  lacunae.  The  septa  of  the  second  layer  are 
composed  of  similar  laminae,  but  less  distinct,  and  curved  in  various 
directions,  usually  more  or  less  parallel  to  the  walls  of  the  large  cavities 
which  they  bound.  A  fragment  of  the  inner  layer  (fig. 4),  rendered 
transparent  by  Canada  balsam,  and  viewed  by  transmitted  light,  shows 
that  it  contains  no  lacunae  ;  nor  have  I  been  able  to  detect  any  di- 

stinct structure  in  its  laminae,  unless  an  obscure  and  very  delicate 
striation,  visible  here  and  there,  may  be  regarded  as  such. 
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A  similar  disposition  of  curved  laminae  can  be  traced  in  the  "  re- 
ticular layer  ;"  but  in  the  elevations  of  the  external  layer,  such 

laminae  are  no  longer  distinctly  visible,  although  here  and  there  traces 
of  them  may  be  seen.  Each  elevation,  in  fact,  nearly  resembles  the 
tooth  or  dermal  defence  of  a  placoid  fish.  It  contains  a  central 
cavity,  commonly  filled  with  a  dark  red  matter,  which  usually  occupies 
the  centre  of  the  basal  half  of  the  elevation  and  then  suddenly 
ends  in  a  number  of  excessively  minute  branches,  which  pass  towards 
the  surface,  ramifying  as  they  go,  and  closely  resembling  the  canals 
of  dentine  or  cosmine.  They  appear  to  terminate  on  the  surface,  on 
which  I  have  been  unable  to  discover  any  trace  of  laminated  struc- 

tureless ganoin.  The  central  canals  of  the  elevations  open  internally 
into  the  network  of  vascular  canals  which  lies  in  the  reticular  layer. 
These  canals  rarely  exceed  y^-th  to  -g^njth  of  an  inch  in  diameter,  and 
they  are  rendered  particularly  obvious  by  the  dark  red  granules  with 
which  their  walls  are  dotted. 

Internally  they  open  directly  into  the  interspaces  of  the  septa  which 
connect  the  reticular  with  the  inner  layer,  and  the  granules  are  con- 

tinued on  to  the  walls  of  the  septa,  which  are  themselves  occasionally 
traversed  by  short  canals.  The  interspaces  (e)  are  full  of  a  more 
or  less  transparent  inorganic  matter,  identical  with  that  of  the  matrix. 

It  follows,  therefore,  that  the  "bony  prisms"  or  "granules"  which 
have  been  described  have  no  existence,  these  so-called  prisms  being 
nothing  but  the  matrix  which  has  filled  up  the  cavities  of  the  poly- 

gonal cells,  visible  in  their  natural  empty  condition  in  Pt.  Banksii. 
Canals  resembling  those  of  the  reticular  layer,  as  I  have  said,  traverse 
some  of  the  septa  and  put  their  chambers  in  communication. 

In  the  section  under  description,  the  inner  layer  is  for  the  most 
part  devoid  of  canals ;  but  one  (/)  is  exhibited  very  beautifully.  It  has 
in  the  middle  a  diameter  of  about  -^-^th  of  an  inch,  but  is  wider  at 
both  ends,  and  traverses  the  inner  layer  almost  perpendicularly.  The 
laminae  are  bent  outwards  for  a  certain  distance,  where  they  impinge 
upon  its  walls. 

The  structure  just  described  is  that  of  the  central  part  of  the  section. 
At  one  of  its  ends,  near  the  margin  of  the  disk,  the  arrangement 
of  the  vascular  channels  is  more  like  that  in  Cephalaspis, — the 
reticular  layer  assuming  a  much  greater  development,  and  the 
areolar  character  of  the  sinuses  of  the  second  layer  becoming  greatly 
obscured. 

On  comparing  together  the  appearance  of  a  section  with  those  pre- 
sented by  the  internal  and  external  views  of  Pteraspis,  there  can  be 

no  doubt  that  the  elevations  of  the  outer  layer  of  the  one  are  the 
sections  of  the  ridges  of  the  other  ;  and  it  is  remarkable  that  there 
should  be  so  striking  a  difference  in  the  form  of  these  ridges  in  Pt. 
Banksii  and  Pt.  Lloydii.  The  ridges  seen  in  concave  casts  probably 
always  correspond  with  the  whole  interspaces  between  the  ridges  of 
the  outer  layer  in  Pt.  Banksii ;  but  it  is  quite  conceivable  that  in 
Pt.  Lloydii  the  ridges,  in  consequence  of  their  peculiar  form,  might 
sometimes  be  held  by  the  matrix  and  sometimes  not ;  so  that  at  one 
time  the  ridges  of  the  cast  would  be  very  narrow,  corresponding  only 
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tvith  the  intervals  between  the  summits  of  the  ridges  of  the  disk,  some- 
times broad,  and  corresponding  with  the  intervals  between  their  bases. 

Comparison  of  Pteraspis  and  Cephalaspis. 

If  the  exposition  which  has  just  been  given  of  the  structure  of 
Cephalaspis  and  Pteraspis  be  correct,  it  follows  that  neither  the 
resemblances  nor  the  differences  in  the  structure  of  these  two  genera 
have  hitherto  been  rightly  apprehended. 

The  sole  important  differences  consist,  1st,  in  the  absence  of 
osseous  lacunae  in  Pteraspis — their  presence  in  Cephalaspis  j  2nd,  in 
the  different  general  character  and  arrangement  of  the  vascular 
sinuses ;  3rd,  in  the  different  mode  of  arrangement  of  the  external 
layer.  These  differences  appear  to  me  to  be  in  themselves  fully  suffi- 

cient to  warrant  a  generic  distinction,  but  not  more ;  for  they  are 
not  greater  than  may  be  found  among  closely  allied  genera. 

It  will  be  observed  that  the  account  of  the  structure  of  Pteraspis 
given  by  M.  Kner  coincides,  so  far  as  it  goes,  with  mine  ;  and  the  ex- 

amination of  one  of  his  Pteraspides  (of  which  Sir  Philip  Egerton, 
with  his  usual  liberality,  has  permitted  me  to  have  a  section  made), 
though  not  so  satisfactory  as  I  could  have  wished,  still  leads  me  to 
entertain  no  doubt  that  his  fossils  are  really  Pteraspides,  and  closely 
allied  to  Pteraspis  Lloydii. 

In  this  specimen,  however,  the  histological  characters  which  have 
been  described  are  almost  all  undistinguishable.  All  that  remains 
of  the  Pteraspis  is  a  yellowish  substance,  without  any  definite  struc- 

ture, which  appears  in  the  section  to  form  loops  broader  at  their  free 
than  at  their  attached  ends,  and  to  send  in  longer  or  shorter  reticu- 

lated processes  of  a  similar  character  into  the  interior  of  the  matrix. 
The  interspaces  of  the  loops  are  filled  up  with  crystalline  masses  of 
carbonate  of  lime  (?) . 

The  length  of  the  loop-like  processes  is  about  ̂ jo"th  of  an  inch,  and 
the  breadth  of  their  wide  end  about  the  same ;  the  width  of  their 

necks  is  not  more  than  -g^th,  or  thereabouts. 
Now  these  are,  as  nearly  as  may  be,  the  average  dimensions  of  the 

sections  of  the  ridges  of  Pteraspis. 
No  one  can,  I  think,  hesitate  in  placing  Pteraspis  among  Fishes. 

So  far  from  its  structure  having  "  no  parallel  among  Fishes,"  it  has 
absolutely  no  parallel  in  any  other  division  of  the  animal  kingdom. 
I  have  never  seen  any  Molluscan  or  Crustacean  structure  with  which 
it  could  be  for  a  moment  confounded.  Its  relations  with  Cephalas- 

pis, on  the  contrary,  are  very  close.  In  each  the  shield  is  excessively 

thin,  and  composed  of  three  or  four  layers: — 1st,  an  "internal," 
composed  of  lamellae  parallel  with  the  surface,  and  traversed  more  or 

less  obliquely  by  vascular  canals  ;  2nd,  next  to  this  is  a  "middle  layer," 
containing  the  network  of  wide  canals  or  areolae ;  3rd,  the  "  reti- 

cular layer,"  described  in  Cephalaspis  as  part  of  No.  2,  from  which 
it  is  not  distinctly  marked  in  that  genus  ;  4th,  the  "  external  layer," 
consisting  of  a  cosmine-like  substance  raised  into  ridges  or  tubercles. 

The  "  bony  granules,"  or  "prisms,"  supposed  to  be  characteristic 
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of Pteraspis,  the  "polygonal  ossicles"  and  the  "fibrous  bony  layer," 
supposed  to  be  peculiar  features  of  Cephalaspis,  have,  as  I  have 
shown,  no  existence.  Supposing  that  the  shield  of  Pteraspis,  like 

that  of  Cephalaspis,  covered  the  animal's  head  (though  there  may 
be  some  ground  for  entertaining  a  doubt  on  this  point),  then  it  may 
be  said  that  the  presence  of  orbits  in  one,  and  their  absence  in  the 
other,  indicates  a  wide  difference  between  the  two  genera.  It  must 
be  remembered,  however,  that  there  is  precisely  the  same  difference 
between  Pterichthys  and  Coccosteus,  which  are  admitted  by  all  to 
be  closely  allied. 
Though  I  have  had  no  opportunity  of  examining  the  Russian 

species,  I  believe  I  do  not  err  in  regarding  what  Pander  describes 
as  the  teeth  of  Cephalaspis  as  merely  an  excessive  development  of 
the  marginal  tubercles  of  the  outer  layer.  It  does  not  appear  to  me 
that  there  is  any  evidence  that  the  mouth  was  situated  at  the  margin 
of  the  shield ;  on  the  contrary,  the  inward  prolongation  of  the  re- 

flected ventral  layer  leads  me  to  suspect  that  the  under  surface  of 
the  head  of  Cephalaspis  resembled  that  of  Loricaria  or  of  Acipenser. 

Zoological  position  of  Cephalaspis  and  Pteraspis. 

Leaving  for  the  present  Professor  Pander's  "  Conodonts"  out  of 
view,  Cephalaspis  and  Pteraspis  are  among  the  oldest,  if  they  are 
not  the  very  oldest,  of  known  fishes ;  and  it  is  therefore  highly  inter- 

esting to  inquire  into  their  position  in  the  scale  of  ichthyic  nature. 
Palaeontologists  in  general,  following  Agassiz,  classify  them  as 

"  Ganoids ;"  but  it  is  to  be  feared  that  few  persons  who  have  not 
paid  special  attention  to  recent  Ichthyology  and  to  Comparative 
Anatomy  have  a  clear  conception  of  what  is  meant  by  the  term 
"  Ganoid." 

The  founder  of  the  Order,  allowing  himself  to  attach  an  undue 
weight  to  mere  secondary  characters,  included  under  the  head  of 

"  Ganoidei"  a  heterogeneous  assemblage  of  Fishes  characterized  by 
very  few  common  characters,  save  their  hard  and  shining  scales,  and 
the  abdominal  position  of  their  ventral  fins,  but  embracing  the  Silu- 
roids,  the  Gymnodonts,  and  the  Ostracionts,  while  the  genus  Amia 
was  allowed  to  remain  among  the  Clupeidce. 

If  these  are  all  Ganoids,  and  if  such  are  the  characters  of  the 
Order,  then  doubtless  Pteraspis  and  Cephalaspis  are  Ganoids. 

Since  the  publication  of  the  admirable  and  philosophica  re- 
searches of  Johannes  Muller,  however,  the  term  Ganoidei  has  been 

received  in  a  very  different  sense  by  the  great  mass  of  naturalists. 
Muller  showed  that  the  great  majority  of  the  recent  Fishes  classed  as 
Ganoid  by  Agassiz,  viz.  the  Siluroids,  the  Gymnodonts,  the  Ostracionts, 
&c,  were  in  no  essential  respect  different  from  the  Teleostei,  or  true 
bony  fishes,  while  the  true  recent  Ganoids  formed  a  small  but  extremely 
remarkable  assemblage,  characterized  by  a  structure  in  many  respects 
intermediate  between  that  of  Teleostei  and  that  of  the  Elasmobranchii 

(or  what  are  commonly  called  cartilaginous  fishes).  Muller  showed, 
furthermore,  that  the  character  of  the  surface  and  the  histological 
texture  of  the  scales  are  of  little  systematic  value,  and  reduced  the 
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diagnostic  marks  of  a  Ganoid,  visible  in  the  external  skeleton,  to  two 

— the  presence  of  "  fulcra "  and  the  articulation  of  the  scales  by 
gomphosis.  The  rest  of  the  essential  characters  of  the  Ganoids  are 

entirely  derived  from  the  soft  parts — the  brain,  the  heart,  the  branchiae, 
and  the  air-bladder.  A  Ganoid  is  in  fact  distinguished  from  any 
other  fish  by  the  following  peculiarities. 

The  optic  nerves  form  a  chiasma  ;  the  bulbus  aortae  is  rhythmi- 
cally contractile,  and  provided  with  several  series  of  valves  ;  the 

branchiae  are  free ;  there  is  an  air-bladder  connected  by  an  open  duct 
with  the  intestine ;  the  ventral  fins  are  abdominal.  These  essential 

characters  are  shared  by  only  six  genera  of  existing  fishes — Lepidos- 
teus,  Polypterus,  Amia,  Acipenser,  Scapirhynchus,  and  Spatularia 
— which  are  no  less  singular  in  their  distribution  than  in  their  ana- 

tomy. All  are  essentially  freshwater  fishes ;  all  are  found  in  the 

northern  hemisphere;  three — Lepidosteus,Amia,sa\&  Spatularia — are 
exclusively  North  American ;  Polypterus  is  only  known  in  the  Nile, 
while  Acipenser  is  common  to  Europe,  Asia,  and  North  America. 

Now  what  evidence  have  we  that  either  Cephalaspis  or  Pteraspis  are 
in  the  proper  sense  Ganoids  ?  There  is  nothing  about  their  dermal 
covering  peculiarly  characteristic  of  Ganoids ;  and  as  to  the  rudiment- 

ary state  of  ossification  of  the  vertebral  column,  there  are  Teleostean 
fishes  (e.  g.  Helmichthys)  quite  as  imperfect  in  this  respect  as  any 
Ganoid. 

Without  doubt  there  is  a  singularly  close  resemblance,  in  the  struc- 
ture of  the  dermal  plates,  between  Cephalaspis  and  Megalichthys — 

the  last  being  very  probably  a  true  Ganoid ;  but  the  point  of  differ- 
ence is  noteworthy  :  it  is  precisely  the  characteristic  ganoin-layer 

which  is  absent  in  Cephalaspis. 
On  the  other  hand,  the  arrangement  of  the  hard  tissues  in  Pter- 

aspis reminds  one  almost  as  strongly  of  Ostracion,  an  undoubted 
Teleostean. 

The  existing  fishes  to  which  Cephalaspis  presents  the  nearest 
resemblance  in  form,  viz.  Loricaria  and  Callichthys,  are  Siluroid 
Teleosteans,  and  not  Ganoids ;  and,  if  we  take  the  immediate  allies 
of  Cephalaspis  and  Pteraspis,  viz.  Coccosteus  and  Pterichthys,  their 
analogies  with  Siluroids,  such  as  Bagrus  and  Boras,  are  as  strong  as 
those  with  Acipenser. 

A  careful  consideration  of  the  facts,  then,  seems  to  me  to  prove 

only  the  necessity  of  suspending  one's  judgment.  That  Cephalaspis 
and  Pteraspis  are  either  Ganoids  or  Teleosteans  appears  certain ;  but 
to  which  of  these  orders  they  belong,  there  is  no  evidence  to  show. 

If  this  conclusion  is  valid,  it  is  clear  that  the  ordinary  assumption, 
that  the  earliest  fishes  belonged  to  low  types  of  organization,  falls  to 
the  ground,  whatever  may  be  the  relative  estimation  in  which  the 
different  orders  of  fishes  are  held. 

But  it  is  said  that  the  great  development  of  the  dermal  skeleton, 
combined  with  the  rudimentary  condition  of  the  endo-skeleton,  shows 
that  these  early  fishes  occupied  a  low  place  within  their  own  group. 

Mere  a-priori  argumentation  on  such  questions  as  these  would  be 
a  waste  of  time  ;  but,  happily,  we  can  put  the  principle  involved  in 
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this  reasoning  to  the  test  hy  direct  observation.  This  principle 
clearly  is,  that  the  development  of  the  exo-  and  endo-skeletons  stands 
in  some  ratio  to  the  general  perfection  of  the  organization  of  a  fish. 

Now  the  existing  genera  of  Ganoids  are,  as  I  have  said  above, 
characterized  by  certain  anatomical  peculiarities  common  to  all ; 
and,  in  every  essential  of  organization,  no  one  can  be  said  to  be 
superior  or  inferior  to  another.  The  same  kind  of  brain,  heart,  and 
respiratory  organs  are  to  be  found  in  all ;  nevertheless,  Nature  seems 
to  have  amused  herself  with  working  out  in  this  small  group  every 

possible  variety  and  combination  of  endo-skeleton  and  exo-skeleton. 
Lepidosteus  has  a  greatly  developed  exo-skeleton,  and  the  most 

Salamandroid  vertebra  known  among  fishes. 

Polypterus  has  an  equally  well-developed  exo-skeleton,  and  a  well- 
ossified  but  piscine  vertebral  column. 

Amia  has  scales  as  thin  and  flexible  as  those  of  a  carp,  with  a 
well-ossified  skeleton  like  that  of  an  ordinary  Teleostean  fish. 

Acipenser  and  Scapirhynchus  have  large  enamelled  dermal  plates, 

constituting  a  well- developed  exo-skeleton,  with  a  cartilaginous  ver- 
tebral column  and  persistent  chorda  dorsalis  ; 

While,  finally,  Spatularia,  with  its  mainly  cartilaginous  endo- 
skeleton,  has  a  smooth  skin,  without  dermal  plates  at  all. 

In  the  face  of  these  plain  anatomical  facts,  what  is  the  value  of  the 

argument  from  the  development  or  non-development  of  the  skele- 
ton to  the  grade  of  organization  of  a  fish  ? 

EXPLANATION  OF  THE  PLATES. 

Plate  XIV. 

Cephalaspis. 

Fig.  1.  Vertical  section  of  the  shield  of  Cephalaspis,  magnified  100  diameters. 
a.  Outer  layer,  b.  Reticular  layer,  c,  d.  Middle  and  innermost  sub- 

stance,    e.  Vascular  canals,    f.  Matrix. 
Fig.  2.  Horizontal  section  of  the  same,  viewed  from  the  outer  side,  showing  the 

peculiar  arrangement  of  the  vascular  canals  along  the  so-called  "  su- 
tures," magnified  50  diameters. 

Fig.  3.  Thin  scale  of  the  inner  substance  showing  the  osseous  lacunae  of  two 
laminae,  magnified  200  diameters. 

Fig.  4.  Outline  of  a  vertical  section  through  the  shield  of  Cephalaspis,  showing  its 
inflected  margin  (a)  and  inferior  flexible  wall  (b),  magnified  2  diameters. 

Fig.  5.  Section  of  the  inferior  wall  at  the  point  of  transition  of  the  ordinary  sub- 
stance of  the  shield  (a)  into  the  thin  flexible  under  layer  (b),  magnified 

100  diameters. 
Plate  XV. 

Pteraspis. 

Fig.  1.  Vertical  section,  magnified  100  diameters,  a.  "  Enamel  "-ridges  forming the  outer  layer,  b.  Reticular  layer,  c,  d.  Middle  and  inner  substance. 

e.  Cavity  filled  with  matrix — one  of  the  supposed  "  ossicles."  f.  Vascular 
canal,    g.  Matrix. 

Fig.  2.  Portion  of  the  shield  of  Pteraspis  Banksii,  viewed  from  within :  letters  as 
in  fig.  1  :  magnified  10  diameters. 

Fig.  3.  Vertical  section  of  inner  layer  of  Pteraspis,  showing  the  laminae  and  one 
of  the  vascular  canals,  magnified  100  diameters. 

Fig.  4.  A  flake  of  the  inner  layer  viewed  from  within,  magnified  25  diameters, 
a.  Vascular  canals. 
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2.  On  a  New  Species  of  Plesiosaurus  from  Street,  near  Glas- 
tonbury ;  with  Remarks  on  the  Structure  of  the  Atlas  and 

Axis  Vertebrae,  and  of  the  Cranium,  in  that  Genus.  Bv 
Thomas  H.  Huxley,  F.R.S.,  F.G.S.,  Professor  of  Nat.  Hist.  &c. 

The  locality  where  the  Plesiosaurus,  which  forms  the  subject  of  the 

present  brief  notice*,  was  obtained  is  already  famous  for  its  richness 
in  such  remains.  In  fact,  the  limestone  beds  of  the  Lower  Lias  at 

Street  have  already  yielded  at  least  three  species  of  Plesiosaurus — 
P.  Hawkinsii,  P.  macrocephalus,  and  P.  megacephalus ;  and  it  seemed 
so  unlikely  that  a  fourth  species  should  have  inhabited  the  same 

area,  that  I  was  for  a  long  while  unwilling"  to  admit  the  distinctness of  the  form  at  present  under  consideration. 
The  evidence  which  I  shall  bring  forward,  however,  seems  to  me 

to  admit  of  no  other  conclusion. 

The  specimen  is  a  remarkably  fine  one.  The  limestone  matrix  in 
which  it  is  imbedded  being  hard  and  free  from  pyrites,  every  part  is 
well  preserved ;  and  the  value  of  the  fossil  is  further  enhanced  by 
two  circumstances  : — first,  the  very  slight  amount  of  disturbance 
which  the  bones  have  undergone,  so  that  the  vertebrae  from  the  third 
cervical  to  the  last  caudal  are  all  in  their  natural  positions ;  secondly, 
the  perfectly  lateral  view  of  the  body  which  is  presented.  The  only 
important  defects  are  the  absence  of  the  paddles,  and  the  flattening 
and  apparent  loss  of  the  lower  jaw  which  the  head  has  suffered . 

The  total  length  of  the  skeleton  is  about  7\  feet.  The  left  side 
is  exposed,  and  the  neck  and  tail  are  strongly  bent  upwards,  as  if  the 
creature  had  died  in  a  state  of  opisthotonic  rigidity.  The  head  is 
twisted,  so  that  its  upper  surface  only  is  visible,  and  it  is  at  the  same 
time  bent  back,  at  right  angles  to  the  neck.  In  consequence  of  this, 
the  occipital  condyle  and  the  atlas  are  well  separated.  The  two 
anterior  cervical  vertebrae  were  originally  partially  covered  by  the 
crushed  right  os  quadratum ;  but  by  removing  the  latter  both  atlas 
and  axis  have  been  very  clearly  exposed. 

As  the  Museum  of  Practical  Geology  is  indebted  to  the  judgment 
and  energy  of  my  friend  and  colleague  Mr.  Robert  Etheridge,  F.G.S., 
for  the  acquisition  of  this  fine  Plesiosaurus,  I  think  I  cannot  do  better 
than  name  it  after  him,  P.  Etheridgii. 

The  following  are  the  most  important  characters  of  this  species  : — 
1 .  The  length  of  the  skull  (measured  from  the  end  of  the  pre- 

maxillaries  to  the  occipital  condyle f)  is  less  than  one- thirteenth  of 
the  whole  length  of  the  body.  As  the  anterior  teeth  have  nearly 
disappeared,  it  is  not  certain  that  the  skull  may  not  have  borne  a 
slightly  larger  proportion  to  the  body ;  but  the  anterior  slope  of 
the  premaxillaries  clearly  shows  that  the  allowance  to  be  made  on 
this  ground,  if  any,  must  be  very  small. 

*  The  specimen  will  be  fully  described  and  figured  in  the  Decades  of  the  Geo- 
logical Survey  of  Great  Britain. 

t  The  "  length  of  the  head"  measured  from  the  end  of  the  snout  to  the  poste- 
rior extremity  of  the  lower  jaw  is  commonly  taken  as  the  unit  of  comparison. 

But  the  end  of  the  os  quadratum  and  the  lower  jaw  are  so  readily  displaced  as  to 
render  this  anything  but  a  safe  standard. 
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2.  There  are  thirty  cervical  vertebrae — vertebrae,  that  is,  which 
present  facets  for  articulation  with  ribs  on  the  lower  half  of  their 

centrum ;  the  ribs  being  short  and  compressed  superiorly,  or  hatchet- 

shaped*. 
3.  Three  times  the  length  of  the  skull  equals  the  length  of  the 

anterior  twenty-three  cervical  vertebrae  ;  four  times  the  same  length 
equals  the  anterior  twenty-eight  cervical  vertebrae.  It  follows  there- 

fore that  the  neck  is  between  four  and  five  times  as  long  as  the  skull. 
4.  There  are  about  90  vertebrae,  of  which  30  are  cervical,  23  dor- 

sal, 2  sacral,  and  34  or  35  caudal. 

5.  The  humerus  and  the  femur  are  as  nearly  as  may  be  equal  in 
size. 

6.  The  vertical  diameter  of  the  centra  of  the  anterior  cervical  ver- 

tebrae is  greater  than  the  longitudinal,  the  proportion  being  at  least 
as  three  to  two  in  the  third  cervical.  In  the  thirtieth  cervical  the 

two  measurements  are  nearly  equal,  though  the  vertical  predominates 
a  little.  So  far  as  they  are  visible  in  the  transverse  sections  exposed 
by  fracture  of  the  limestone  slab,  the  articular  faces  of  the  centra 
are  nearly  circular. 

7.  The  cervical  costal  pits  are  elliptical,  about  half  as  long  verti- 
cally as  longitudinally,  and  from  the  third  to  the  twenty-sixth  inclu- 

sive are  divided  lengthwise  by  a  well-marked  longitudinal  depres- 
sion ;  but  there  is  no  subdivision  into  two  distinct  facets.  In  all 

these  vertebrae  the  pits  look  outwards  and  a  little  downwards,  their 
axes  are  parallel  with  those  of  the  vertebrae,  and  they  are  completely 
sessile. 

In  the  last  three  cervical  vertebrae  the  costal  pits  are  directed 
more  and  more  backwards  as  well  as  outwards,  and  take  the  form  of 
flattened  facets.  At  the  same  time  their  anterior  edges  are  raised  up 
by  an  outgrowth  of  the  body  of  the  vertebra. 

8.  The  articular  facets  of  the  anterior  dorsal  vertebrae  are  nearly 
circular.  In  the  anterior  eight  or  nine  dorsal  vertebrae  the  transverse 
processes  arise  partially  from  below  the  level  of  the  upper  margin  of 
the  centrum.  In  the  tenth  they  appear  to  arise  completely  above 
it,  their  upper  margins  being  on  a  level  with  the  upper  edges  of  the 
posterior  zygapophyses.  In  the  eighteenth  they  begin  again  to  de- 

scend, so  that  in  the  first  sacral  more  than  half  the  root  of  the  trans- 
verse process  is  below  the  level  of  the  superior  margin  of  the  body. 

9.  The  neural  spines  of  the  cervical  vertebrae  are  inclined  a  little 
backwards,  and  have  their  anterior  edges  bevelled,  so  that  their  apices 
are  more  or  less  pointed.  Those  of  the  dorsal  and  sacral  vertebrae 
are  vertical,  with  their  anterior  and  posterior  margins  parallel  and 
their  apices  squarely  truncated. 

10.  The  articular  faces  of  the  caudal  vertebrae  are  nearly  round, 
and  their  centra  larger  vertically  than  longitudinally.  The  neural 
spines  slope  backwards  a  little,  but  their  anterior  edges  are  straight 

*  The  neurapophysial  sutures  are  not  visible ;  but  as  there  is  reason  to  believe 
that  the  neurapophyses  do  not  extend  upon  the  bodies  of  the  cervical  vertebrae 
beyond  their  dorsal  half,  the  character  of  a  cervical  vertebra  here  used  is  probably 
equivalent  to  that  employed  by  Prof.  Owen  Cloc.  cit.). 
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and  their  ends  truncated.     The  three  or  four  last  caudals  have  ap- 
parently neither  spines  nor  neurapophyses. 

There  are  more  than  thirty  named  species  of  Plesiosaurus.  Of 
these,  however,  far  more  than  half  are  founded  upon  detached  bones, 
and  I  am  not  aware  that  entire,  or  nearly  entire,  specimens  of  more 
than  four  species,  viz.  dolichodeirus,  Hawkinsii,  macrocephalus,  and 
brachycephalus,  have  as  yet  been  described.  This  point  is  worthy 
of  notice,  when  we  consider  that  the  proportion  of  the  head  to  the 
body  constitutes  an  important  datum  in  the  determination  of  the 
species  of  this  genus.  I  will  compare  P.  Etheridgii  first  with  those 
of  which  complete  or  nearly  complete  skeletons  have  been  ob- 
served. 

In  P.  hrachycephalus,  according  to  Prof.  Owen,  the  head  equals 
one-eighth  of  the  body  in  length  ;  in  P.  macrocephalus  the  length  of 
the  head  equals  one-half  that  of  the  neck ;  they  are  therefore  at  once 
excluded. 

The  classical  authority  on  Plesiosauri,  Mr.  Conybeare,  states  that 

the  head  of  P.  dolichodeirus  equals  one-thirteenth  of  the  entire  body, 
or  one-fifth  of  the  neck,  while  the  head  and  neck  together  are  to  the 

body  as  six  to  seven*.  These  proportions  approach  those  of  P. 
Etheridgii.  But  they  are  not  the  same  ;  and  besides,  the  neural 

spines  of  the  cervical  vertebrse  of  P.  dolichodeirus  are  quite  differ- 
ently shaped  from  those  of  P.  Etheridgii.  And  though  the  total 

number  of  vertebrae  in  P.  dolichodeirus  is  the  same,  viz.  90,  35  are 
said  to  be  cervical,  27  dorsal,  2  sacral,  and  26  caudal.  Clearly  then 
the  specimen  described  has  nothing  to  do  with  dolichodeirus. 

Plesiosaurus  Hawkinsii  approaches  it  much  more  closely  in  size, 
form,  and  general  proportions. 

Several  magnificent  specimens  of  this  species  are  to  be  seen  at  the 
British  Museum,  and  afford  excellent  materials  for  the  determination 
of  its  distinctive  characters.  Nevertheless  the  account  of  its  charac- 

ters in  the  i  Report/  already  cited,  presents  some  difficulties  to  the 
reader.  At  page  57,  for  instance,  it  is  stated  that  in  this  species 

"  the  neck  equals  three  lengths  of  the  head,  and  the  neck  and  head 
together  equal  the  trunk  and  tail."  If  this  be  true,  of  course  the 
length  of  the  head  must  equal  one-eighth  of  that  of  the  whole  body. 

Nevertheless,  at  page  61  of  the  same  *  Report,'  it  is  said  that  the 
head  equals  less  than  one-tenth  part  of  the  body. 

Again,  at  page  6 1  (and  by  implication  at  page  63  ?),  P.  Hawkinsii 
is  said  to  possess  twenty-nine  cervical  vertebrae  ;  but  at  page  57  the 

*  In  his  well-known  memoir  (Geol.  Trans,  ii.  1, 1824)  Mr.  Conybeare  states  at 
page  382,  "  the  neck  is  fully  equal  in  length  to  the  body  and  tail  united  ;  "  but 
at  page  385  he  says,  "  taking  the  head  as  1,  the  neck  will  be  5,  the  body  as  4, 
and  the  tail  as  3  :  the  total  length  being,  as  before  remarked,  13  times  that  of  the 

head."  Prof.  Owen,  in  his  '  Report  on  the  British  Fossil  Reptilia,'  quotes  Mr. 
Conybeare's  first  statement,  but  omits  to  refer  to  the  last.  Prof.  Owen  further 
states  (Report,  p.  61)  that  in  PL  dolichodeirus  the  head  is  four  times  the  length 
of  the  neck.  I  suppose  this  to  be  a  misprint,  and  that  what  is  meant  is,  that  the 
neck  is  four  times  the  length  of  the  head  ;  but  even  this  is  at  direct  variance  with 

Mr.  Conybeare's  assertions  and  figures. 
YOL.  XIV. — PART  I.  U 
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number  given  is  thirty-one*  ;  and  thirty-one  is  stated  to  be  the 

number  in  this  species  in  the  same  author's  memoir  on  P.  macro- 
cephalus  (p.  523).  No  less  contradictory  are  the  statements  as  to 

the  number  of  dorsal  vertebrae.  At  pages  57  and  58  of  the  *  Report ' 
they  are  by  implication  estimated  at  twenty-five ;  but  at  page  66 
they  are  said  to  be  twenty-three.  I  can  nowhere  find  the  slightest 
indication  that  Prof.  Owen  imagines  the  number  of  cervical  or  dorsal 
vertebrae  to  be  variable  in  the  same  species  of  Plesiosaurus.  The 
opposed  statements  which  I  have  quoted  are  wholly  devoid  of  the 
comment  which  would  have  been  naturally  evoked  by  the  discovery 
of  so  remarkable  a  fact. 

The  specimens  of  Plesiosaurus  Hawkinsii,  on  which  the  description 

of  the  species,  contained  in  the  *  Report  on  British  Fossil  Reptilia/ 
is  chiefly  based,  are,  I  believe,  those  now  contained  in  the  Collection 

of  the  British  Museum.  Of  these  specimens  three,  viz.  that  num- 

bered ^  and  figured  by  Mr.  Hawkins  in  his  plate  24,  that  num- 

bered 14,549  and  figured  in  plate  28  of  the  same  work,  that  num- 

bered H,54i  and  figured  in  Hawkins's  plate  27,  are  but  little  dis- 
turbed, and  retain  the  head  and  neck  in  situ. 

In  a  fourth  specimen,  14,550,  which  is  in  many  respects  ex- 
tremely valuable  and  instructive,  the  head  is  unfortunately  displaced 

and  the  anterior  cervical  vertebras  are  absent. 

Besides  these  four  specimens,  there  is  a  fifth  Plesiosaurus,  num- 
bered 2000  and  named  dolichodeirus ;  it  is  however  certainly  either 

Hawkinsii  or  Etheridgii,  and  I  believe  the  latter,  although  the  ab- 
sence of  the  head  and  anterior  cervical  vertebrae  renders  it  hazardous 

to  give  a  confident  opinion. 
I  will  speak  of  these  specimens  in  the  order  here  named,  under  the 

heads  of  Nos.  1,  2,  3,  4,  and  5.  But  I  must  first  remark,  that  no 
one  of  them  affords  the  means  of  determining  the  number  of  the 
dorsal  vertebrae  with  so  much  certainty  as  in  P.  Etheridgii.  To 
ascertain  the  number  of  the  dorsal,  or  dorso-lumbar,  vertebrae  in 
any  vertebral  column,  it  is  obviously  necessary  that  we  should  be 
able  to  assure  ourselves  of  these  facts: — 1st,  that  we  know  which 
is  the  last  cervical ;  2nd,  that  we  know  the  first  sacral ;  and  3rd, 
that  we  know  how  many  vertebrae  intervene  between  these. 

In  No.  1  the  vertebral  column  is  so  obscured  by  the  ribs  and  pec- 
toral and  pelvic  girdles,  that  no  one  of  these  points  can  be  ascertained 

with  accuracy.  In  No.  2  the  anterior  part  of  the  sixth  vertebra  from 
the  skull  is  gone,  and  it  is  impossible  to  be  certain  that  a  whole  ver- 

tebra may  not  have  disappeared  ;  at  the  same  time  an  uncertain 
number  of  vertebrae  have  been  displaced  from  the  middle  region  of 
the  back. 

*  At  least,  this  is  the  only  conclusion  consistent  with  the  definition  of  a  cer- 
vical vertebra  at  page  58.  Prof.  Owen  there  proposes  to  consider  as  cervical  those 

vertebras  whose  centrum  exhibits  the  whole  or  a  part  of  the  costal  articular  sur- 
face. At  page  57  he  states  with  respect  to  P.  Hawkinsii,  "In  the  first  or  ante- 

rior 31  vertebra;  the  centrum  supports  the  whole  or  part  of  the  costal  pit." 
Therefore,  according  to  the  definition,  these  31  vertebrae  are  cervical. 
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In  No.  3  the  dorso-sacral  vertebrae  are  hidden  in  the  same  way  as 
in  No.  1 . 

In  No.  4  the  head  and  anterior  cervical  vertebrae  are  removed,  and 
the  dorsal  region  is  dislocated,  the  hinder  part  of  the  vertebral 
column  overlapping  the  anterior. 

No.  5  alone  exhibits  the  posterior  part  of  the  cervical  and  the  whole 
dorsal  region  undisturbed.  Either  the  sixteenth  or  the  seventeenth 
vertebra  in  the  series,  counting  from  the  first  (broken)  one,  is  here 
certainly  the  first  dorsal — I  believe  the  seventeenth. 

The  forty-second  vertebra  is  certainly  caudal ;  hence  as  there  are 
two  sacrals,  42— (17 +2)  =  23,  which  is  the  number  of  dorsals  in 
P.  Etheridgii,  to  which  this  specimen  has  in  other  respects  a  close 
resemblance. 

Under  these  circumstances  I  can  only  suppose  that  Prof.  Owen 

has  some  other  evidence  than  that  mentioned  in  his  '  Report '  for  the 
following  statement : — 

"  From  the  32nd  to  the  56th  vertebra  inclusive,  the  costal  arti- 

cular surface  is  wholly  impressed  on  the  neurapophysis." — (Report, 
p.  57.) 

Now,  as  Prof.  Owen  states  in  his  memoir  on  P.  macrocephalus 

(p.  527),  that  in  the  sacral  vertebras  of  P.  Hawkinsii  "a  small  part 
of  the  costal  articular  surface  is  contributed  by  the  centrum,"  it 
necessarily  follows  that  these  twenty-five  vertebrae  (32nd  to  56th  in- 

clusive) are  neither  sacral  nor  cervical,  but  dorsal.  It  is  true  that 

at  page  66  of  the  '  Report '  Prof.  Owen  affirms  that  there  are  only 
twenty-three  dorsal  vertebrae  ;  but  I  cannot  venture  to  set  this  cur- 

sory contradiction  against  a  definite  anatomical  statement  like  the 
foregoing. 

I  have  been  most  desirous  to  arrive  at  a  clear  understanding  of 

Prof.  Owen's  definition  of  the  species  P.  Hawkinsii ;  but  after  long 
and  careful  study  1  can  only  arrive  at  the  following  alternatives  : — 

Either  1.  The  apparently  contradictory  statements  which  I  have 
quoted  have  been  made  through  the  use  of  a  double  definition  of  a 

"  cervical  vertebra," — meaning  thereby  in  one  case  a  vertebra  with  a 
certain  kind  of  rib,  in  the  other  a  vertebra  with  a  certain  kind  of 
costal  articular  facet ; — 

Or  2.  Believing  the  number  of  cervico-dorsal  vertebrae  to  be  con- 
stant in  the  same  species,  Prof.  Owen  conceives  that  the  special 

dorsal  modification  may  commence  either  at  the  30th  or  at  the  32nd 
vertebra,  according  to  individual  variations. 

On  this  hypothesis  it  must  be  assumed  that  the  smaller  number  of 
dorsal  vertebrae  assigned  to  this  species  was  found  in  that  individual 
which  exhibited  the  larger  number  of  cervicals,  and  vice  versa. 
The  numbers  in  the  one  case  would  be  31+23=54,  in  the  other 
29  +  25=54. 

Or  3.  Prof.  Owen  imagines  that  the  total  number  of  cervico-dorsal 
vertebrae  may  vary  between  52  (29  +  23)  and  56  (31  +  25)  in  dif- 

ferent individuals  of  the  same  species. 
I  am  not  aware  that  a  shadow  of  evidence  exists  in  favour  of  the 

occurrence  of  so  remarkable  a  variation  as  the  last-named  in  any  ver- 
v  2 
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tebrate  animal  so  highly  organized  as  the  Plesiosaurus.  If  the 

second  be  the  right  interpretation  of  Prof.  Owen's  views,  then  P. 
Hawkinsii  will  always  have  the  same  number  of  cervico-dorsal  ver- 

tebrae, and  that  number  is  according  to  Prof.  Owen  at  least  fifty-four, 
and  at  most  fifty-six.  I  have  shown,  however,  that  in  P.  Etheridgii 
there  are  only  fifty-three  cervico-dorsal  vertebrae. 

I  beg  to  repeat,  however,  that  I  can  find  no  proof  of  the  existence 

of  fifty-four  cervico-dorsal  vertebrae  in  any  P.  Hawkinsii  in  the  Bri- 
tish Museum.  Under  these  circumstances  it  became  necessary  to  in- 
quire whether  the  proportions  of  the  head,  body,  and  neck  might  not 

furnish  the  needful  marks  of  specific  distinction.  Measuring  these 

in  the  same  way  as  P.  Etheridgii,  I  find  with  regard  to  No.  1  that — 
1 .  Taking  the  length  of  the  skull  (from  the  occipital  condyle  to 

the  end  of  the  snout)  as  1,  the  whole  body  measures  between  10  and 
1 1 .  Taking  the  head  from  the  end  of  the  snout  to  the  end  of  the 
lower  jaw  as  1,  the  whole  body  measures  between  8  and  9. 

2.  Three  times  the  length  of  the  skull  equals  the  anterior  25  ver- 
tebrae ;  four  times  the  same  length  equals  the  anterior  31  vertebrae. 

In  No.  2  the  end  of  the  tail  is  gone,  and  therefore  the  proportions 
of  the  skull  to  the  entire  body  cannot  be  ascertained ;  but  three  times 
the  length  of  the  skull  measured  along  the  neck  reaches  the  middle 
of  the  twenty-fifth  cervical  vertebra,  and  four  times  equals  the  31 
vertebrae  as  before. 

In  No.  3  the  length  of  the  skull  is  rather  less  than  one-eleventh 
of  the  whole  body  ;  while  the  length  from  the  snout  to  the  angle  of 
the  jaw  is  rather  less  than  one-ninth  of  the  whole  hodj.  The  propor- 

tions of  the  head  to  the  neck  are  as  in  No.  1 . 

In  No.  1  the  rib  of  the  29th  cervical  vertebra  is  hatchet-shaped  ; 
the  shape  of  the  ribs  of  the  30th  and  31st  vertebrae  is  not  certainly 
discoverable,  nor  can  the  character  of  their  articular  surfaces  be  clearly 
made  out. 

In  No.  3  the  rib  of  the  29th  vertebra  is  truly  hatchet-shaped. 
Those  of  the  31st  vertebra  cannot  be  made  out  clearly,  nor  can  that 

of  the  30th  on  the  left-hand  side.  On  the  right  side  the  head  of  a 
rib  lies  against  the  posterior  part  of  the  neural  arch  of  this  vertebra ; 

and,  though  its  produced  angle  is  more  or  less  broken,  its  hatchet- 
shape  can  be  clearly  distinguished.  The  costal  articular  facets  of 

both  the  30th  and  31st  vertebrae  are  traversed  by  the  neurapophy- 
sial  suture. 

In  No.  2  the  condition  of  the  posterior  cervical  vertebrae  is  such 
as  to  render  it  very  unsafe  to  speak  decidedly  as  to  the  character  of 
either  the  ribs  or  their  articular  facets. 

So  far  as  these  specimens  go,  then,  they  favour  the  idea  that  P. 
Hawkinsii  has  31  vertebrae  cervical  in  Prof.  Owen's  sense  of  the 
term,  and  they  assuredly  do  not  countenance  the  notion  that  these 
vertebrae  may  vary  in  the  same  species.  But  if  Plesiosaurus  Haw- 

kinsii has  54  or  56  cervico-dorsal  vertebrae,  and  if  31  of  these  are  cer- 
vical, then  P.  Etheridgii  differs  from  it  in  the  following  particulars : — 

1 .  The  number  of  cervical  vertebrae  is  at  least  one  less. 
2.  The  number  of  cervico-dorsal  vertebrae  is  one  or  three  less. 
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3.  The  head  is  shorter  in  proportion  to  the  body. 
4.  The  head  is  shorter  in  proportion  to  the  neck. 
I  think  then  there  can  be  no  doubt  as  to  the  specific  distinctness 

of  P.  Etheridgii  from  all  the  Plesiosauri  as  yet  mentioned. 
With  regard  to  the  other  species,  I  judge  from  the  descriptions 

and  from  such  specimens  as  I  have  seen,  that  P.  Etheridgii  is  very 

different  from  megacephalus,  macromus,  pachyomus,  arcuatus,  sub- 
trigonus,  trigonus,  brachyspondylus,  costatus,  doedicomus,  rugosus, 
trochanteric,  and  affinis.  I  doubt  at  present  whether  it  would  be 
possible  to  distinguish  the  detached  vertebrse  of  P.  Etheridgii  from 
those  of  P.  Hawkinsii ;  but  I  believe,  having  examined  the  series  of 

vertebrae  in  the  College  of  Surgeons'  Museum,  on  which  some  four- 
teen species  have  been  founded,  they  are  all  different  from  those  of 

P.  Etheridgii. 

The  measurements  of  the  different  parts  are  as  follows,  in  inches 
and  tenths : — 

Head.  in.  tenths. 

From  end  of  intermaxillary  to  end  of  occipital  condyle    6     5 
End  of  intermaxillary  to  anterior  margin  of  orbit    2  15 
End  of  intermaxillary  to  anterior  end  of  parietal  foramen    4    2 
Width  of  orbit      1     2 
Length  (oblique  longest  diameter)     1     5 
Extreme  length  of  head  from  end  of  intermaxillary  to  end  of 

quadratum    6     8 

Neck. 

Length  of  first  seventeen  cervical  vertebrse,  measured  along  their 
bodies    12     9 

Length  of  following  thirteen       15     1 

Giving  as  entire  length  of  neck       28    0 
Sixteenth  cervical  vertebra. 

Centrum. — Longitudinal  diameter     0  9 
Vertical  to  base  of  neurapophysis*    1  1 
Thence  to  top  of  neural  spine     1  4 
Neural  spine  vertically     0  8 
Neural  spine  longitudinally     0  7 

Costal  pit. — Longitudinal  measure     0  5 
Vertical  measure     0  3 

Costal  pit  to  base  of  neurapophysis    0  6 
Dorsal  region. — Total  length       26  5 

Sixth  dorsal  vertebra. 

Centrum. — Longitudinally      1  25 
Vertically  (anterior  face)     1  3 
Transversely    «.    1  6 

Neural  spine. — Vertically    2  1 
Longitudinally    0  9 

Transverse  process. — Length       0  75 
Antero-posterior  diameter       0  5 
Vertical  diameter     0  75 

Sacral  region. — Total  length       2\  in. 

*  Reckoned  as  the  deepest  part  of  the  depression  under  the  zygapophysis,  no 
suture  being  visible. 
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Fi?*st  sacral  vertebra.  in,  tenths. 
Centrum. — Vertically       1     3 

Transversely     1  65 
Upper  edge  of  centrum  to  summit  of  neural  spine    2     2 
Neural  spine — Vertically     1  55 

Longitudinally  (about)    0     7 
Lower  edge  of  body  to  origin  of  transverse  process      0  75 
Thickness  of  transverse  process      0  82 
Length      0  25 
Sacral  rib. — Length     1     3 

Thickness  of  distal  end       0     6 

Caudal  region.— Total     26    0 

Eleventh  caudal  vertebra. 

Centrum. — Length       0  9 
Vertical     1  15 
Transverse     1  35 

From  upper  edge  of  centrum  to  summit  of  neural  spine       2  8 
Length  of  neural  spine. — Vertically  (about)      1  1 

Longitudinally       0  65 

Ribs. — 11th  measured  along  its  curve    11    0 
Diameter  of  head     0     7 
Diameter  of  body     0  45 

Humerus. — Long     7     2 
Thickness  of  anterior  end  from  above  downwards  ...  1     9 

Expanded  distal  end -I  .i.^L          ft    5 
Femur. — Long         7  15 

Anterior  extremity  from  above  downwards       1     8 

The  Structure  of  the  Atlas  and  Axis. 

Thanks  to  the  investigations  of  Sir  Philip  Egerton,  the  structure 
of  the  axis  and  atlas  of  Ichthyosaurus  is  placed  beyond  doubt.  But 
our  knowledge  of  the  corresponding  parts  of  Plesiosaurus  cannot  be 
said  to  be  by  any  means  so  well  based,  since  it  rests,  so  far  as  I  am 
aware,  upon  the  examination  of  a  single  and  imperfect  specimen, 
which  has  been  described  in  the  following  terms  by  Professor  Owen : — 

"  A  recent  opportunity  of  examining  the  atlas  and  axis  of  the  Ple- 
siosaurus, kindly  afforded  me  by  my  friend  Professor  Sedgwick,  has 

not  only  strengthened  this  view  of  the  general  nature  of  the  '  subver- 
tebral  wedge-bones/  but  has  made  me  incline  to  the  second  hypothesis 
of  the  special  homology  of  the  first  or  anterior  of  the  wedge-bones 

which  is  proposed  in  my  '  Report  on  British  Fossil  Reptiles,'  viz. : — 
That  it  answered  to  the  part  described  as  the  body  of  the  atlas,  in 
the  existing  Saurians  and  Chelonians  ;  which  therefore  may  be  re- 

garded, like  the  first  subvertebral  wedge-bone,  as  the  cortical  part 
only  of  such  vertebral  body,  like  the  plate  of  bone  beneath  the  bi- 

concave central  part  of  the  body  of  the  atlas  in  the  Siluroid  fish. 

"  The  atlas  and  axis  in  the  Plesiosaurus  (fig.  3)  preserve  the  general 
proportions  of  the  other  cervical  vertebrae,  and  are  consequently  longer 
than  their  homologues  in  the  Ichthyosaurus ;  but  they  are  similarly 
anchylosed  together,  and  measure  A\  centimetres  (nearly  2  inches) 
in  length,  3  centimetres  across  the  anterior  concave  surface  of  the 
atlas,  and  3£  centimetres  across  the  less  concave  posterior  surface : 
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the  neural  arch  of  each  vertebra  has  coalesced  with  its  centrum,  and 
a  long  obtuse  process  is  formed  below  by  a  similar  coalescence  of  the 
first  and  second  wedge-bones  with  each  other  and  their  respective 
centrums.  The  limits  of  the  anterior  wedge-bone,  ca,  ex,  are  traceable : 
it  is  proportionally  larger  than  in  the  Ichthyosaurus  (fig.  2),  in  which 
it  is  likewise  larger  than  the  succeeding  wedge-bones.  It  forms  in 
the  Plesiosaurus  the  lower  third  part  of  the  atlantal  cup  for  the 
occipital  condyle  B  ca,  ex:  the  anchylosed  bases  of  the  neurapophyses 
(n  a)  form  the  upper  border  of  the  cup,  and  the  intermediate  part  or 
bottom  of  the  cavity  is  formed  by  the  centrum  of  the  atlas  (c  a),  or 
rather  by  that  part  which,  like  the  biconcave  centrum  in  the  Siluroid 
fish,  is  developed  from  the  central  portion  of  the  notochord. 

"  The  smaller  or  second  wedge-bone  (c  x,  e  x)  is  lodged  in  the  infe- 
rior interspace  between  the  atlas  and  axis,  but  has  coalesced  with  both 

bones,  as  well  as  with  the  large  anterior  wedge-bone  or  cortical  part 
of  the  body  of  the  atlas,  ca,  ex.  This  anterior  wedge-bone  developes 
a  thick  but  short,  rough  tuberosity  from  its  under  part,  but  there  is 
no  distinct  second  tuberosity  from  the  second  wedge-bone ;  both 
indeed  have  so  coalesced  together,  as  to  parallel  the  continuous  ossi- 

fication of  the  under  part  of  the  notochordal  capsule  beneath  the 
central  parts  of  the  bodies  of  the  axis  and  atlas  in  the  Siluroid  fish 
(fig.  1,  c  a  ex,  ex  e  x,  &c).  There  is  no  transverse  process  from  the 
centrum  of  the  atlas  of  the  Plesiosaurus;  but  the  fractured  base  of  a 

depressed  parapophysis,  p  (lower  transverse  process),  or  anchylosed 

rib,  projects  from  each  side  of  the  proper  centrum  of  the  axis." — 
(Professor  Owen  on  the  Atlas,  Axis,  and  Subvertebral  Wedge-bones 
in  the  Plesiosaurus. — Annals  Nat.  Hist.  vol.  xx.  p.  219,  1847.) 

This  is  all  the  evidence  of  the  nature  of  the  atlas  and  axis  in  Ple- 

siosaurus which  is  given  in  the  paper  quoted,  its  author  seeming  not  to 
be  aware  that  important  materials  for  checking  his  conclusions  were 
offered  by  the  specimens  of  Plesiosaurus  Hawkinsii  which  he  had 
already  described.  This  is  the  more  to  be  regretted,  as  the  structure 
of  these  specimens  is  to  my  mind  quite  irreconcileable  with  Professor 
Owen's  views. 

What  I  have  observed  in  Plesiosaurus  Etheridgii  and  in  Plesio- 
saurus Hawkinsii  leads  me,  in  fact,  to  form  a  very  different  concep- 

tion of  the  structure  of  the  atlas  from  that  just  cited. 
Viewed  in  front,  the  deep  hemispherical  articular  cup  of  the  atlas 

of  Plesiosaurus  Etheridgii  is  seen  to  be  divided  by  a  triradiate  mark 
(formed  by  the  limestone  of  the  matrix)  into  three  portions ;  of  these, 
one  is  inferior,  the  other  two  lateral  and  superior.  The  inferior  piece 
I  take  to  correspond  with  the  so-called  anterior  or  first  wedge- 
bone  of  P.  pachyomus ;  but  it  forms  a  more  considerable  portion  of 
the  articular  cup  than  in  the  latter  case,  if  I  may  judge  by  the  figure. 
Viewed  anteriorly,  this  inferior  piece  has  a  semicircular  contour, 
while  seen  from  below  its  anterior  edge  is  straight,  and  the  posterior 
produced  laterally  into  a  sort  of  cornu  which  overlaps  the  sides  of  a 

second  so-called  "  subvertebral  bone."  The  posterior  margin  is  much 
excavated  in  the  middle,  receiving  the  convex  anterior  contour  of  this 

second  "subvertebral  bone." 
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The  supero-lateral  pieces  are  separated  by  an  interval  in  the  median 
line,  wider  than  the  close  suture  between  them  and  the  first  wedge- 
bone.  At  the  bottom  of  this  interval  a  small  portion  of  bone  appears, 
which  I  believe  to  belong  to  the  os  odontoideum. 

After  contributing  their  share  towards  the  articular  cup  for  the 
occipital  condyle,  the  supero-lateral  pieces  bend  backwards  so  as  to 
overlap  the  anterior  zygapophyses  of  the  axis.  They  seem  to  ter- 

minate above  by  a  smooth  and  rounded  edge.  The  antero-lateral 
margin  of  these  portions  of  the  atlas  is  nearly  straight,  the  upper 
third  or  thereabouts  being  inclined  at  a  great  angle  to  the  rest :  the 

postero-lateral  margin  is  greatly  excavated,  on  account  of  the  back- 
ward projection  of  the  supero- lateral  pieces  above  and  of  the  cornua  of 

the  inferior  piece  below.  The  body  of  the  axis  is  concave  posteriorly, 
the  sides  are  convex  from  above  downwards.  Below  it  is  rather  con- 

cave from  behind  forwards.  Its  posterior  margin  is  straight ;  the 
anterior  is  also  straight,  except  for  a  short  distance  inferiorly,  where 
it  is  much  beveled  off.  Traces  of  a  rib,  which  probably  articulated 
with  the  os  odontoideum,  exist  on  both  sides  of  the  anterior  part 
of  the  body  of  the  axis. 

Between  its  anterior  edge  and  the  posterior  excavated  margin  of 
the  parts  of  the  atlas  just  described,  there  is  an  interspace  of  yth  of 
an  inch.  This  is  filled  by  a  mass  of  bone  with  a  convex  edge,  and 
separated  by  a  deep  groove  from  the  axis  and  the  rest  of  the  atlas. 

Superiorly  this  bony  mass  is  overlapped  by  the  supero-lateral  piece 
of  the  atlas — inferiorly  by  one  of  the  cornua  of  the  inferior  piece ;  but 
on  cutting  this  cornu  away,  I  found  it  rested  on  a  sort  of  articular  face 
furnished  by  the  inferior  continuation  of  the  bony  mass.  But  this 
passed  below,  without  any  visible  line  of  demarcation,  into  the  second 
"  sub  vertebral"  bone.  This  bone  is  convex  below  and  in  front 
(where  it  fits  into  the  excavated  margin  of  the  inferior  piece  of  the 
atlas),  and  behind  slopes  backwards  to  articulate  with  the  beveled 
face  of  the  axis. 

I  have  nowhere  seen  the  structure  of  the  anterior  articular  cup, 
and  the  sutures  which  unite  the  supero-lateral  and  inferior  pieces  of 

the  atlas,  displayed  as  they  are  in  this  specimen*  ;  but  many  of  the 
other  peculiarities  are  as  well  shown  in  one  or  other  of  the  specimens 
of  P.  Hawkinsii  in  the  British  Museum. 

Thus  the  under  surfaces  of  the  atlas  and  axis  are  exhibited  in  the 

specimen  I  have  called  No.  1 .  They  are  a  good  deal  broken  away, 
so  as  to  display  a  longitudinal  and  nearly  horizontal  section  of  these 
vertebrae.  The  axis  has  nearly  the  same  form  and  size  as  in  P. 
Etheridgii ;  the  inferior  piece  of  the  atlas  appears  to  be  bent  upwards, 
and  to  be  broken  inferiorly  and  posteriorly ;  but  between  the  two.  is 
seen  a  thin  bony  disk,  not  more  than  a  third  as  long  as  the  axis,  and 

which  I  take  to  be  the  section  of  the  bony  plate-like  mass  interposed 
between  the  axis  and  the  three  anterior  pieces  of  the  atlas  in  P. 
Etheridgii.  No.  2  shows  the  right  side  of  the  axis  and  atlas  very 
well,  but  the  latter  is  somewhat  crushed  and  distorted  ;   nevertheless 

*  I  may  observe,  that  I  performed  all  the  more  delicate  operations  required  in 
bringing  out  these  parts  myself. 
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the  anterior  concavity  is  well  seen.  The  suture  between  the  cor- 
tical and  neurapophysial  portions  is  not  traceable ;  the  latter  slopes 

back  as  in  P.  Etheridgii,  and  is  visible  on  the  left  as  well  as  on  the 
right  side.  The  peripheral  piece  appears  to  be  prolonged  anteriorly 
instead  of  posteriorly,  but  I  believe  this  to  arise  from  crushing  merely. 

The  edge  of  an  interposed  bony  plate  is  seen,  as  in  P.  Etheridgii, 
between  the  posterior  edge  of  the  three  anterior  portions  of  the  atlas 
and  the  body  of  the  axis.  The  neural  spine  of  the  axis  is  long 
and  recurved ;  there  is  a  rib  with  a  short  and  broad  head,  which  is 
articulated  for  the  greater  part  of  its  extent  either  with  the  axis,  or 
more  probably  with  the  os  pdontoideum ;  its  anterior  angle  extends 
forwards  as  far  as  the  inferior  piece  of  the  atlas. 

Putting  these  different  views  and  sections  of  the  atlas  and  axis  of 
Plesiosaurus  together,  it  seems  to  me  that  they  are  consistent  with 

only  the  following  interpretation : — 
1.  The  atlas  and  axis  are,  as  Prof.  Owen  states,  anchylosed. 
2.  What  I  have  called  the  inferior  piece  of  the  anterior  part  of  the 

atlas,  corresponds  with  what  Prof.  Owen  terms  the  anterior  subver- 
tebral  wedge-bone ;  but  I  find  its  shape  to  be  exceedingly  different 
from  that  ascribed  to  the  corresponding  piece  in  P.  pachyomus. 

3.  The  sutures  between  this  and  the  supero-lateral  pieces  are 
situated  at  a  higher  level  on  the  face  of  the  articular  cup  in  P. 
Etheridgii.  They  are  here,  in  fact,  radii  from  the  centre  of  that  cup, 
while  in  the  figure  of  P.  pachyomus  the  sutures  meet  below  the 
centre. 

4.  Prof.  Owen  describes  no  distinct  supero-lateral  pieces  or  me- 
dian suture;  and,  not  having  seen  them,  he  considers  the  upper  two- 

thirds  of  the  cup  to  be  formed  by  a  distinct  mass,  with  which  the 
neurapophyses  have  coalesced.  In  P.  Etheridgii  this  mass  is  cer- 

tainly nothing  more  than  the  bases  of  the  neurapophyses  themselves, 
which  contribute,  as  in  the  Crocodile,  to  form  the  articular  surface 
for  the  occipital  condyle. 

5.  Prof.  Owen  conceives  that  the  upper  two-thirds  of  the  articular 
cup  (all  but  its  extreme  margin  ?)  constitute  the  homologue  of  the 

os  odontoideum,  which  is  (as  Rathke*  proved  eighteen  years  ago) 
simply  the  separately  ossified  central  portion  of  the  body  of  the  atlas ; 
the  so-called  body  of  that  bone  (the  homologue  of  the  inferior  piece 
in  the  Plesiosaurus)  being  a  distinct  peripheral  ossification. 

I  have  just  shown,  however,  that  in  P.  Etheridgii  the  os  odontoi- 
deum must  be  sought  elsewhere,  and  I  have  not  the  slightest  doubt 

that  it  is  that  osseous  plate  whose  convex  lateral  edges  are  seen  be- 
tween the  anterior  portions  of  the  atlas  and  the  axis,  and  which  ends 

below  in  the  so-called  second  subvertebral  bone. 
6.  I  have  not  as  yet  met  with  any  neural  spine  in  the  atlas  of 

*  Ratlike,  Entwickelungs-geschichte  der Natter,  1839,  pp.  119, 120 ;  also  "Ueber 
die  Entwickelung  der  Schildkroten,"  1848.  In  the  former  essay,  Rathke  says  of 
the  "  processus  odontoideus,"  "  Therefore  this  process  is  not  an  outgrowth  of  the epistropheus,  but  the  body  of  the  atlas ;  while  that  bone  which  is  reckoned  as 
the  first  cervical  vertebra  is  not  a  perfect  vertebra,  having  no  true  body.  What  is 
called  its  body  is  nothing  but  a  modified  inferior  spinous  process." 
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Plesiosaurus  corresponding  with  the  flattened  and  separate  homologue 
of  this  part  of  a  vertebra  which  is  found  in  the  atlas  of  the  Crocodile  ; 
but  the  complete  correspondence  of:  the  Plesiosaurian  atlas  and  axis  (in 
this  reading  of  their  structure)  with  those  of  the  Crocodilia  is  highly 
interesting,  as  it  harmonizes  perfectly  with  the  strongly  crocodilian 
affinities  manifested  by  many  other  parts  of  the  organization  of  the 
Plesiosaurus.  I  reserve  a  lengthened  comparison  of  the  two  struc- 

tures for  my  Memoir,  merely  adding  that  Cuvier  found  the  atlas  and 

axis  of  his  "Crocodile  d'Honfleur"  (a  Teleosaurian)  "soudes  en- 
semble," the  posterior  face  of  the  axis  being  concave*  ;  and  that, 

according  to  Von  Meyer's  figures,  the  atlas  and  axis  of  Nothosaurus 
were  very  similar  to  those  of  Plesiosaurusf. 

The  Structure  of  the  Cranium. — The  length  to  which  these  re- 
marks have  already  extended,  and  the  impossibility  of  rendering  any 

account  of  the  structure  of  the  cranium  intelligible  without  a  large 
number  of  illustrations  (which  will  be  more  fitly  reserved  for  my 
forthcoming  memoir),  lead  me  to  throw  what  I  have  to  say  into  a 
few  propositions,  whose  full  proof  will  be  adduced  hereafter. 

1.  The  structure  of  the  Plesiosaurian  cranium  is  best  to  be  under- 

stood by  comparing  it  with  that  of  Teleosaurus%,  when  its  numerous 
crocodilian  affinities  become  at  once  apparent. 

2.  In  the  Teleosauria  (Teleosaurus  temporalis)  there  is  a  singular 
aperture  closely  resembling  in  form  and  position  the  external  nostril 
of  the  Plesiosaurus,  though  in  the  Teleosauria  there  is  every  reason 
to  believe  that  the  nostrils  were,  as  in  the  Gavials,  at  the  end  of  the 
snout.  The  bony  margins  of  the  aperture  are,  however,  somewhat 
differently  constituted  in  the  two  genera. 

3.  In  the  Teleosaurus  the  jugal  bone  is  long  and  slender.  In 
Plesiosaurus  Etheridgii  and  others,  I  find  a  bony  style  of  greater 
or  less  length,  broken  posteriorly,  but  having  otherwise  precisely  the 
same  relations  and  form  as  the  jugal  of  the  Teleosaurus  §.  This 
process  is  particularly  well  shown  in  a  cranium  (named  P.  dolicho- 
deirus)  in  the  Museum  of  the  Society,  and  is  figured  by  Mr.  Cony- 
beare  in  his  restoration. 

*  Ossemens  Fossiles,  ed.  4.  t.  ix.  pp.  306-7. 
f  Hermann  von  Meyer  says  (Die  Saurier  des  Muschelkalkes)  of  Nothosaurus : 

"  The  atlas  had  a  remarkably  depressed  superior  arch,  whose  spinous  process  was 
inclined  backwards  at  an  angle  of  about  25°.  The  posterior  articular  processes 
were  directed  backwards ;  and  below,  a  short  lateral  part,  analogous  to  a  hook-like 
cervical  rib,  appears  to  have  been  attached       The  atlas  and  axis  do  not 

seem  to  have  been  anchylosed."  (p.  30.)  On  comparing  Von  Meyer's  figures,  the 
similarity  of  the  atlas  and  axis  to  those  of  Plesiosaurus  is  remarkable.  The  inter- 

space left  between  the  axis  and  atlas  corresponds  to  that  for  the  os  odontoideum, 
and  the  projecting  piece  figured  at  the  lower  anterior  edge  of  the  axis  may,  I 
think,  very  possibly  be  the  free  lower  end  of  the  os  odontoideum. 

X  My  statements  respecting  the  structure  of  the  skull  of  Teleosaurus  are  based 
on  my  examination  of  two  very  beautiful  specimens  of  T.  temporalis  in  the 
Tesson  Collection,  now  in  the  British  Museum.  I  am  informed  that  these  crania 
were  worked  out  from  the  matrix  by  M.  Selys  Deslongchamps,  to  whom  therefore 
the  credit  of  the  discovery  of  any  new  points  is  properly  due. 

§  Hermann  von  Meyer  figures  a  very  similar  process  in  Simosaurus,  pi.  65. 
figs.  1  &  2. 
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4.  Contrary  to  what  is  commonly  stated,  the  post-frontal  appears 
to  me,  in  P.  Etheridgii  and  Hawkinsii  at  any  rate,  to  articulate  with 

a  bone,  the  homologue  of  the  squamosal*  of  the  Crocodile. 
5.  The  squamosal  of  the  Plesiosaurus  seems  to  have  been  con- 

founded by  some  with  a  process  of  the  parietal. 

6.  The  temporal  fossa  is  divided  by  the  post-frontal  in  the  manner 
so  characteristic  of,  though  not  absolutely  peculiar  to,  the  Croco- 

dilian reptiles.  The  great  superior  fossse  correspond  with  the  large 
superior  temporal  fossae  of  the  Teleosaurian,  and  even  the  narrowness 
and  crested  form  of  the  upper  surface  of  the  parietal  (supposed  to 
be  distinctive  of  the  Plesiosaurus)  are  very  closely  approached  in 
such  Teleosauria  as  T.  temporalis. 

7.  The  exoccipital  sends  outwards  and  downwards  a  process  which 
reaches  the  great  quadratum,  and  between  this  below,  the  quadratum 
externally,  and  the  squamosal  above,  there  is  a  large  aperture  in  the 
Plesiosaurus. 

In  the  triassic  Enaliosauria,  however,  the  corresponding  interval 

is,  judging  by  Hermann  von  Meyer's  figures  of  Nothosaurus,  smaller 
in  proportion,  or,  as  in  Simosaurus,  absent  (?).  On  the  other  hand, 
it  is  larger  in  the  Teleosauria  than  in  the  existing  Crocodilia. 

8.  The  basi-sphenoid  appears  upon  the  base  of  the  skull  for  a 
great  space  in  the  Plesiosaurus,  while  in  the  ordinary  Crocodile  it  is 
not  visible  at  all,  being  hidden  by  the  pterygoids.  Even  in  the 
Gavial,  however,  the  basi-sphenoid  shows  itself  fully  on  the  base  of 
the  skull,  while  in  the  Teleosaurus  it  is  as  much  exposed  as  in  the 
Plesiosaurus,  and  presents  a  median  ridge  with  a  deep  fossa  on 
either  side.  There  are  a  similar  ridge  and  fossae  in  Plesiosaurus,  the 
latter  having,  I  imagine,  been  mistaken  for  the  posterior  nares. 

9.  I  believe  the  posterior  nares  were  situated  far  forwards  in  the 
Plesiosaurus ;  for  in  the  first  place,  the  object  of  their  being  situated 
as  in  the  Crocodile  is  not  intelligible  teleologically ;  and  on  morpho- 

logical grounds  we  should  expect  to  find  them  anteriorly  situated, 
for  the  Gavial  has  them  more  forward  than  the  Crocodile,  and  the 
Teleosaurus  than  the  Gavial.  In  the  latter,  indeed,  they  are  so  far 
forward,  that  the  pterygoids  do  not  enclose  them  below  at  all.  They 
are  nearly  on  a  line  with  the  middle  of  the  orbits. 

10.  The  pterygoids  of  the  Plesiosaurus  send  processes  backwards 
to  abut  against  the  quadratum f.  The  ends  of  the  corresponding 
bones  are  broken  off  in  the  Teleosauria  I  have  examined. 

11.  The  descending  process  of  the  basi-occipital  is  single  in  the 
ordinary  Crocodile,  but  in  the  Teleosaurus  it  is  divided  into  two 
widely  separated  tubercles  as  in  Plesiosaurus. 

12.  The  supra-occipital  is  widely  separated  from  the  edge  of  the 
occipital  foramen  by  the  exoccipitals  in  the  Crocodile.    In  the  Teleo- 

*  This  is  the  hone  commonly  but  erroneously  termed  the  "  mastoid  "  in  the 
Crocodile.  Rathke  and  Hall  man  have  long  since  satisfactorily  shown  that  the 
homologous  bone  has  no  relation  with  the  true  mastoid. 

f  These  processes  are  particularly  well  shown  in  the  very  instructive  specimen 
labeled  14,550  in  the  British  Museum.  I  propose  to  figure  this  as  well  as  some 
others  in  my  Memoir. 
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saurus  it  comes  close  to  that  edge.  In  the  Plesiosaurus  it  forms 

part  of  it. 
13.  The  petrosal  bone  is  covered  externally  by  the  qnadratum  in 

the  Crocodile.  In  the  Teleosaurus  it  is  almost  completely  exposed, 
as  in  the  Plesiosaurus. 

These  facts  seem  to  me  to  have  an  especial  interest  when  we  con- 
sider the  palseontological  relations  of  the  Teleosauria  to  the  long- 

necked  Enaliosauria,  on  the  one  hand,  and  to  the  Crocodilia  on  the 

other.  Anatomically,  as  chronologically,  the  Teleosaurian  bridges 
over  the  gap  between  Nothosaurus  and  Alligator. 

3.  On  the  Coal  found  to  the  $ow£Ao/,Concepcion,  in  Southern 
Chili.  By  Dr.  C.Forbes,  R.N.  (In  a  Letter  to  the  President.) 

[Abstract.] 

The  coal*  is  found  in  seams  alternating  with  shales  and  overlaid 
by  calcareous  sandstone  ;  fire-clay  underlies  the  whole.  The  shales 
contain  fine  impressions  of  dicotyledonous  leaves ;  and  some  of  the 
sandstones  above  the  coal  abound  with  casts  of  a  Mactra-like  bivalve ; 
and  others  with  Turritellce.  From  this  association  of  fossils,  Dr.  C. 
Forbes  believes  that  the  coal  is  decidedly  not  of  palaeozoic  age,  and 
may  be  tertiary. 

4.  On  a  Quantity  of  Crabs   thrown  up  on  the  Beach  in  Payta 
Bay.    By  Dr.  C.  Forbes,  R.N.    (In  a  Letter  to  Prof.  Ansted, 
F.G.S.) 

[Abstract.] 

For  some  time  previous  to  the  occurrence  of  a  severe  earthquake- 
shock,  on  or  about  the  30th  August  1857,  the  Bay  of  Payta  swarmed 
with  crabs  of  a  kind  not  generally  observed,  and  ten  days  after  the 

earthquake  they  were  thrown  up  on  the  beach,  in  a  raised  wall-like 
line,  3  to  4  feet  wide,  and  to  the  height  of  about  3  feet,  along  the 

whole  extent  of  the  bay,  and  above  highwater-mark. 
At  the  same  time  as  the  upheaval  of  the  crabs  took  place,  the 

water  of  the  bay  became  changed,  from  a  clear  blue,  to  a  dirty 
blackish-green  colour,  much  resembling  that  off  the  Island  of  Chiloe, 
Concepcion,  and  the  southern  parts  of  Chili.  Ten  days  afterwards, 
Dr.  C.  Forbes  found  that  living  specimens  of  the  crabs  were  still 
numerous  in  the  bay,  but  all  appeared  to  be  sickly,  and  numbers 
came  ashore  to  die. 

There  were  no  appearances  of  any  alteration  of  the  relative 
position  of  sea  and  land  in  the  vicinity,  nor  had  any  ebullition  of 
gases  been  observed  ;  although  probably  to  both  these  causes  com- 

bined the  phenomenon  described  was  due. 

*  For  notices  of  the  coal  of  Chili,  see  also  Darwin's  '  South  America/  p.  125, 
and  Mr.  W.  Bollaert's  paper  in  the  Roy.  Geograph.  Soc.  Journ.  vol.  xxv.  p.  172. 
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January  20,  1858. 

William  Adams,  Esq.,  Ebbw  Vale,  Monmouthshire,  and  the  Rev . 
Francis  H.  Morgan,  M.A.,  Hemel  Hempstead,  were  elected  Fellows. 

The  following  communications  were  read  : — 

1 .  On  the  Evolution  of  Ammonia  from  Volcanos.  By  Charles 
G.  B.  Daubeny,  M.D.,  F.R.S.,  F.G.S.,  Professor  of  Botany  in 
Oxford,  &c. 

In  the  year  1849,  Wohler  ascertained  that  the  copper-coloured  cry- 
stals found  so  frequently  in  the  ferruginous  mass,  technically  called 

"bear"  or  " horse,"  which  accumulates  in  the  hearths  of  the  iron- 
smelting  furnaces,  and  which  Dr.  Wollaston  a  long  time  before  had 
pronounced  to  consist  of  titanium,  were  in  reality  composed  of  the 
cyanide  and  nitride  of  that  metal,  containing  1 8  per  cent,  of  nitrogen 
and  4  per  cent  of  carbon. 

It  has  been  since  found,  that  the  same  nitride  is  also  obtained  in 
the  process  recommended  by  Rose  for  procuring  the  metal,  when 
chloride  of  titanium  together  with  sal-ammoniac  is  heated  in  a  glass 
flask ;  in  which  case  metallic  scales,  which  had  been  formerly  re- 

garded as  consisting  of  metallic  titanium,  but  which  now  turn  out 
to  be  a  compound  of  it  with  nitrogen,  are  left  in  the  vessel  after  the 
other  matters  had  sublimed. 

The  facts  just  mentioned,  however  interesting  to  a  chemist,  would 
not  be  of  a  nature  to  bring  before  this  Society,  were  it  not  for  their 
bearing  upon  one  part  of  the  Theory  of  Volcanos,  namely  on  the 
evolution  of  ammonia,  and  the  consequent  presence  of  ammoniacal 
salts  amongst  the  products  of  their  operations. 

This,  then,  is  my  excuse  for  proposing  to  occupy  a  few  minutes 
of  your  time  on  this  occasion  with  some  comments  upon  these  facts, 
and  upon  the  inferences  to  which  they  appear  to  conduct  us. 

I  should,  perhaps,  in  the  first  instance  remind  you,  that  sal-am- 
moniac, or  ammonia  combined  with  muriatic  acid,  ranks  amongst 

the  commonest  products  of  volcanic  action,  and  is  found  in  such 
quantities,  efflorescing  on  the  surface  of  newly  ejected  lavas  at 
Vesuvius,  as  to  be  regarded  worth  collecting  for  the  purposes  of  the 
arts. 

The  mode  of  its  production  has  given  rise  to  much  speculation ; 
but  I  shall  confine  myself  to  three  hypotheses  that  have  been  sug- 

gested to  account  for  it :  namely,  to  one  by  Professor  Bischoff,  of 
Bonn ;  a  second  by  Professor  Bunsen,  of  Heidelberg  ;  and  a  third 
by  myself. 

The  first  of  these  may,  it  is  presumed,  be  dismissed  in  a  few 
words. 

It  is  founded  upon  the  assumption  that  bituminous,  coaly,  or  other 
organic  matters  exist  in  the  neighbourhood  of  volcanos,  by  the  de- 

composition of  which  ammonia  comes  to  be  generated  *. 

*  See  his  '  Elements  of  Chemical  Geology,'  Engl.  Transl.  p.  212. 
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In  reply  to  this,  it  may  be  sufficient  to  remark,  that  we  have  no 
evidence  of  the  existence  of  such  materials  in  volcanos  generally,  and 
that,  if  the  ammonia  evolved  had  been  derived  from  such  sources,  it 

ought  to  he  accompanied  with  bituminous  exhalations,  with  carbu- 
retted  hydrogen,  and  with  other  products  arising  from  the  distillation 

of  such  materials  which  have  never  been  observed  to  be  present*. 
I  will  proceed,  then,  to  consider  the  second  hypothesis,  that  of  Pro- 

fessor Bunsen ;  namely,  that  the  lava,  in  flowing  over  the  herbage 
existing  on  the  surface  of  the  land  which  it  invaded,  had  caused  the 
conversion  of  the  nitrogenized  matter  present  in  it  into  ammonia, 

which,  meeting  with  muriatic  acid,  a  gas  constantly  present  in  vol- 
canos when  in  a  state  of  activity,  was  sublimed  through  the  crevices 

of  the  lava-current  in  the  form  of  sal-ammoniac. 
Now,  without  pausing  to  consider  how  far  the  largeness  of  the 

quantity  of  sal-ammoniac  evolved  may  be  consistent  with  such  an 
hypothesis,  I  will  merely  observe  that  its  validity  depends  altogether 
upon  the  question  whether  the  salt  is  confined  to  the  lava-currents, 
or  has  been  met  with  likewise  amongst  the  products  derived  from 
the  crater  itself. 

In  my  memoir  on  the  eruption  of  Vesuvius  in  1844,  published  in 

the  • Philosophical  Transactions,'  I  have  already  stated  the  latter 
to  be  the  fact ;  but  it  has  since  been  denied  with  reference  to  the 

volcanos  of  Iceland  by  Bunsen,  and  disputed  in  the  case  of  Vesu- 
vius by  Scacchi,  one  of  the  most  distinguished  observers  of  volcanic 

phenomena  at  present  in  Naples.  • 
It  nevertheless  appears  at  length  to  be  substantiated  on  good 

authority,  by  the  recent  researches  of  Palmuri  with  respect  to  the 
products  of  the  eruption  or  series  of  eruptions  which  has  been  going 
on  for  several  months  past,  and  which  has  not  yet  terminated. 

We  are  therefore  driven  to  resort  to  some  other  solution,  which 

must  be  independent  of  the  supposed  presence  of  organic  matter  in 
any  form  ;  for  undoubtedly  nothing  of  the  kind  can  exist  within  the 
focus  at  which  the  volcanic  operations  have  been  for  so  long  a 

period  carried  on. 
The  hypothesis  I  myself  brought  forward  some  years  ago  to 

account  for  the  phenomenon,  and  which  assumed  that  gaseous  hy- 
drogen, although  incapable  of  combining  with  nitrogen  under  ordi- 

nary pressures,  might  unite  with  it  under  that  exercised  upon  it  in 
the  interior  of  the  earth,  is  not  open  to  the  same  objections  as  the 
two  already  commented  upon ;  but  it  is  unlikely,  perhaps,  to  meet 
with  much  countenance,  until  the  experiment  of  bringing  the  gases 

*  Carburetted  hydrogen  was  stated  by  myself  ('Volcanos,'  p.  267  ;  from  per- 
sonal observations  made  in  1824,  embodied  in  my  memoir  on  Sicily,  published  in 

1  Jameson's  Journal ')  to  be  abundant  in  certain  lakes  situated  near  the  base  of 
Etna,  as  well  as  at  Macaluba  in  the  centre  of  the  island.  This  M.  Deville,  in  his 

Memoir  ('  Ann.  de  Chim.'  Jan.  1858,  p.  62),  has  confirmed,  stating  with  great 
apparent  accuracy  the  proportion  which  this  gas  bears  to  others  present.  But 
these  latter  evidently  belong  to  the  class  of  "  Salses,"  and  must  be  distinguished 
from  true  volcanos,  in  which  carburetted  hydrogen  has,  I  believe,  never  yet  been 

detected.— See  my  Remarks  on  Macaluba, '  Volcanos,'  2nd  edit.  p.  539. 
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together  in  a  highly  condensed  condition  shall  have  been  tried  in  an 
unexceptionable  manner. 

Perhaps  indeed,  if,  as  Professor  Bischoff  states,  a  mixture  of  the 
two  gases  has  been  submitted  to  a  pressure  of  50  atmospheres 
without  combining,  the  question  is  not  likely  soon  to  be  set  at  rest, 
since  it  would  not  be  easy  to  apply  an  artificial  pressure  equal  to 
that  to  which  they  would  be  subjected  at  the  bottom  of  the  ocean ; 
where,  at  the  depth  of  a  mile  and  a  quarter,  the  pressure  is  equal  to 

2809  lbs.  to  the  square  inch,  or  to  at  least  187  atmospheres*. 
Might  not  the  experiment  be  tried  by  sending  down  to  a  great 

depth  in  the  ocean  a  vessel  charged  with  a  mixture  of  the  two  gases, 
furnished  with  a  piston,  which  should  exert  upon  the  contents  a 
pressure  equal  to  that  of  the  weight  of  water  incumbent  ? 

But  the  affinity  which  certain  metals  possess  for  nitrogen  seems  to 
me  to  afford  a  more  solid  ground  upon  which  to  build  a  theory  to 
account  for  the  fact  before  us. 

Not  to  speak  of  the  simple  combustibles,  phosphorus  and  sulphur, 
and  the  metalloids,  potassium  and  sodium,  which  form  combinations 

with  nitrogen, — zinc,  copper,  and  iron  may  be  instanced  as  bodies 
capable  of  combining  with  it, — the  nitride  of  the  latter  even  dis- 

engaging ammonia  when  heated  in  contact  with  water. 
As  these  combinations,  however,  require  for  their  production  the 

previous  formation  of  ammonia,  through  the  medium  of  which 
alone  they  are  known  to  be  brought  about,  they  cannot  be  appealed 
to  as  proving  that  the  metal  in  question  is  capable  of  uniting  with 
gaseous  nitrogen,  and  are  only  cited  as  indications  that  nitrogen 
possesses  a  wider  range  of  affinities  than  had  formerly  been  attri- 

buted to  it. 

To  meet  the  requirements  of  my  hypothesis  I  must  go  a  step 
further,  and  appeal  to  the  late  researches,  which,  it  seems,  that 
Wohler,  in  conjunction  with  M.  H.  Sainte-Claire  Devillef,  of  Paris, 
has  instituted  with  regard  to  the  metal  titanium,  undertaken  with 
a  view  of  elucidating  the  discovery,  which  he  had  announced  in 
1849,  concerning  the  combination  which  this  body  forms  with  ni- 

trogen. Now,  it  appears  from  the  recent  researches  of  these  two 

chemists,  reported  upon  in  the  *  Comptes  Rendus'  for  October 
1857  (and  which  I  now  find  detailed  in  a  more  extended  form  in 

the  'Annales  de  Chimie'  for  the  present  month,  January  1858), 
that  titanium  absorbs  nitrogen  from  the  air,  even  in  preference  to 
oxygen ;  titanic  acid  being  reduced  at  a  high  temperature  whenever 
air  is  admitted,  and  a  nitride  of  titanium  being  formed  in  conse- 

quence. Such  indeed,  it  is  stated,  is  the  affinity  of  this  metal  for 
nitrogen,  that  titanium  can  only  be  obtained  pure  by  heating  the 
titanic  acid  in  an  atmosphere  of  pure  hydrogen ;  for  if  the  opera- 

tion be  conducted  in  the  presence  of  nitrogen,  a  nitride  is  sure  to  be 
produced.  The  union,  indeed,  takes  place  with  so  much  energy 
as  to  generate  light  and  heat,  and  thus  to  constitute  a  genuine  case 

*  The  pressure  of  the  atmosphere  may  be  estimated  at  about  15  lbs.  to  the 
square-inch;  the  pressure  of  the  sea  at  1£  mile  is  187x15=2805. 

f  Ann.  de  Chimie,  Jan.  1858,  p.  61. 
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of  combustion,  in  which  nitrogen,  and  not  oxygen,  acts  as  the  sup- 
porter. After  the  operation  is  concluded,  a  metallic  matter,  of  a 

copper-red  colour,  sprinkled  with  brilliant  crystalline  laminae,  is  pro- 
duced ;  and,  in  proof  that  this  contains  nitrogen,  it  may  be  suf- 

ficient to  state,  that  hydrate  of  potass  extricates  from  it  sufficient 
ammonia  to  saturate  a  large  amount  of  muriatic  acid. 

It  is  even  not  necessary  to  bring  the  metal  into  contact  with  pure 

nitrogen ;  for  if  a  closed  charcoal-crucible  containing  titanic  acid  be 
kept  at  a  high  temperature  for  some  hours,  sufficient  nitrogen  pene- 

trates the  porous  texture  of  the  vessel  to  displace  the  oxygen,  and  to 
form  with  the  metal  a  nitride,  capable,  as  in  the  preceding  instance, 
of  being  decomposed  by  hydrate  of  potass  into  ammonia  and  titanic 
acid.  It  is  true,  that  in  order  to  eifect  a  combination  between  the 

metal  and  the  nitrogen,  the  titanic  acid  must  first  be  reduced,  and  con- 
sequently the  presence  of  carbon  in  some  form  or  othergwould  appear 

to  be  an  essential  condition.  But  if  such  a  reaction  be  conceived  as 

taking  place,  not  near  the  surface,  but  at  such  depth  as  that  at  which 
the  advocates  of  the  Chemical  Theory  of  Volcanos  would  place  the 
still  unoxidized,  or  but  partially  oxidized,  nucleus  of  the  globe,  no 
reducing  agent  would  then  be  required  to  bring  about  the  supposed 

union*. 
Other  experiments  are  given  by  Wohler,  all  tending  to  establish 

the  same  point ;  but  enough  probably  has  been  said  to  show  that,  at 

an  elevated  temperature,  titanium  exerts  a  strong  affinity  for  nitro- 
gen, and  that  the  compound  which  it  forms  evolves  ammonia  under 

the  agency  of  the  fixed  alkalies.  Now,  that  titanium  is  present 
in  most  volcanos,  is  obvious  from  the  occurrence  of  titanite  in  several 

places  in  Auvergne,  at  Kaiserstuhl  in  Germany,  at  TenerhTe,in  Mexico, 
and  amongst  the  recent  as  well  as  the  older  products  of  Vesuvius  and 

its  neighbourhood.  And,  if  it  be  objected  that  it  is  found  in  an  oxi- 
dized and  not  in  a  metallic  form,  the  same  remark  applies  equally 

to  all  the  other  bases  which  are  present  along  with  it. 
It  may,  however,  be  fairly  asked,  whether  its  probable  quantity 

within  the  mountain  be  sufficient  to  account  for  the  large  amount  of 
ammonia  often  disengaged  ? 

This,  indeed,  is  a  question  to  which  I  should  be  loth  to  give  an 
affirmative  reply ;  and  therefore,  whilst  maintaining  that  the  affinity 
of  titanium  for  nitrogen  does  furnish  us  with  a  vera  causa  for  the 
presence  of  ammonia  amongst  volcanic  products,  I  am  more  disposed 

*  This  ammonia  would,  of  course,  combine  with  muriatic  acid  so  soon  as  ever 
it  came  into  contact  with  that  body  ;  but  the  experiments  of  Gay-Lussac,  which 
most  chemists  have  repeated,  show  that,  at  a  high  temperature,  a  chloride  in  con- 

tact with  silica  or  alumina  has  its  chlorine  set  free,  whilst  its  base  forms  a  com- 
pound with  the  silicic  or  other  acids  present. 

The  existence,  therefore,  even  of  common  salt  at  the  spot  where  the  nitride  was 
formed,  would  not  prevent  the  alkalies  from  exerting  their  proper  action  upon 
the  nitride,  and  giving  birth  to  ammonia. 

The  only  difference  in  the  result  would  be,  that,  in  this  case,  the  formation  of 
sal-ammoniac  would  be  immediate,  whilst  otherwise,  it  might  take  place  during 
the  passage  of  the  gas  upwards  to  the  external  air. 
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to  insist  upon  the  fact,  as  supplying  us  with  an  argument  from  ana- 
logy, that  other  bodies  which  are  present  in  volcanos  may,  through  a 

similar  reaction,  be  instrumental  in  bringing  about  the  same  result. 
It  seems  hardly  possible  that  the  affinity  for  nitrogen  should  be 

confined  to  titanium  alone  ;  and  indeed  I  have  pointed  out,  that 
under  different  circumstances  it  may  be  proved  to  extend  to  several 
of  the  commoner  metals. 

Is  it  not,  therefore,  more  probable,  that  in  the  interior  of  the 
globe,  where  high  pressure  and  other  circumstances  may  modify  the 
nature  of  those  reactions  which  take  place  under  our  eyes,  nitrogen 
combines  directly  with  other  bodies  besides  titanium — with  iron  for 
instance,  or  possibly  even  with  hydrogen ;  and  that  it  is  in  this 
manner  that  that  amount  of  ammonia  which  often  finds  its  way  through 
the  orifices  of  a  volcano  may  be  generated,  seeing  that  its  abundance 
is  often  such  as  would  lead  us  to  doubt  whether  the  nitride  of  a  metal 

comparatively  so  rare  as  titanium  could  alone  afford  it ;  at  least,  if 
the  quantity  found  on  the  surface  in  such  localities  is  to  be  regarded 
as  an  index  of  the  proportion  which  it  bears  to  the  other  principles 
present  in  the  interior  of  the  volcano  1 

P.S. — Since  writing  the  above,  my  attention  has  been  called  by  a 
friend  to  a  more  recent  paper  by  M.  Ste.-Claire  Deville,  reported 

upon  in  the  '  Comptes  Rendus,'  which  also  I  find  given  in  extenso 
in  the  January  number  of  the  '  Annales  de  Chimie '  for  this  year 
1858.  From  this  it  appears  that  boron  also,  like  titanium,  has  the 
property  of  combining  directly  with  the  nitrogen  of  the  air,  and  that 
the  compound  which  it  forms  with  it  possesses  alike  the  property  of 

evolving  ammonia  under,  the  influence  of  the  alkaline  hydrates*. 
This  fact  is  the  more  significant,  from  the  occurrence  of  boracic 

acid  in  the  craters  of  certain  volcanos,  as  in  the  iEolian  Islands, 
accompanied  in  this  instance,  as  I  have  myself  found,  with  muriate 
of  ammonia ;  and,  where  the  two  are  thus  associated,  we  should  not 
be  disposed  to  look  for  the  source  of  the  ammonia  further  than  to 
the  nitride  of  boron  generated  within  the  interior  of  the  volcano. 

Boracic  acid,  however,  does  not  seem  to  be  usually  present  in  the 
lavas  of  Vesuvius,  for  it  has  been  only  once  observed  amongst  the 
products  of  its  eruptions,  namely  by  Monticelli  and  Covelli  in  1817. 
I  should,  therefore,  be  unwilling  to  attribute  the  formation  of  ammo- 

nia in  this  volcano  generally  to  the  agency  of  boron,  and  am  rather 
disposed  to  appeal  to  the  fact  as  another  proof  that  gaseous  nitro- 

gen, instead  of  that  chemical  indifference  which  has  been  commonly 
attributed  to  it,  possesses  in  fact  a  somewhat  wide  range  of  affinities, 

*  The  discovery  of  the  compound  of  nitrogen  and  boron  was  made  in  1841  by 
Mr.  Balmain,  who,  however,  combined  the  two  only  by  indirect  methods.  Mr. 
Warington  also  in  1854  (Report  Brit.  Assoc.  1854,  Sections,  p.  76)  pointed  out 
the  existence  of  this  very  combination  in  the  crater  of  the  Island  Volcano,  sug- 

gesting that  the  sal-ammoniac  so  abundant  in  that  locality  might  be  due  to  the 
decomposition  of  the  nitride  by  the  action  of  steam.  But  the  more  recent  re- 

searches alluded  to  in  my  text  first  established  that  this  nitride  might  be  formed 
by  the  direct  union  between  boron  and  nitrogen. 

VOL.  XIV. — PART  I.  X 
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and  therefore  may,  without  violence  to  analogy,  be  supposed  to  give 
rise  to  various  nitrides,  each  of  which  is  capable,  under  certain  con- 

ditions, of  disengaging  ammonia. 

2.  Experimental  Researches  on  the  Granites  of  Ireland. 
By  the  Rev.  Samuel  Haughton,  M.A.,  F.G.S.,  Fellow  of 
Trinity  College,  and  Professor  of  Geology  in  the  University  of 
Dublin. 

Part  II.  {Continued). — On  the  Granites  of  the  North- 
east of  Ireland*. 

I.  Potash-Granites  of  the  North-east  District. 
II.  Soda-Granites  of  the  North-east  District. 

In  the  concluding  part  of  my  paper  on  the  Granites  of  the  North- 
east of  Ireland-}*,  I  have  expressed  the  opinion  that  the  granites  of 

the  neighbourhood  of  Newry  are  divisible,  like  those  of  Leinster, 
into  two  types,  viz,  potash-  and  soda-granites ;  and  that,  if  a  line 
north  of  east  be  drawn  through  Newry,  the  granites  south  of  this 
line  are  potash-granites,  including  the  Mourne  granites,  while  the 
granites  to  the  north  of  this  line  are  soda-granites.  As  I  have  ob- 

tained additional  confirmation  of  this  opinion  since  the  reading  of 
my  paper,  it  will  be  useful  here  to  sum  up  the  facts  known  relative 
to  the  two  kinds  of  granite  in  the  two  districts  under  consideration. 

I.  Potash-Granites  of  the  North-east  District. 

I  shall  exclude  from  this  discussion  the  granites  of  the  Mourne 
district  north  of  Carlingford  Bay,  as  they  form  a  peculiar  group, 
characterized  by  the  presence  of  distinct  crystals  of  albite,  and  nests 
of  crystallized  quartz. 

The  following  Tables  contain  the  analyses  and  atomic  quotients  of 

five  granites  of  the  potash-type,  south  and  south-east  of  Newry  : — 
No.  1.  Granite  from  the  base  of  Slieve  na  glogh,  medium-grained,  composed  of 

quartz,  white  felspar,  and  green  mica. 

No.  2.  Granite  from  Grange  Irish,  near  Carlingford,  fine-grained,  composed  of 
quartz,  white  felspar,  and  hornblende. 

No.  3.  Granite  from  Wellington  Inn,  south  of  Newry,  medium-grained,  composed 
of  quartz,  white  felspar,  and  green  mica. 

No.  4.  Granite  from  Fathom  Lock,  east  of  Newry,  porphyritic,  of  a  general  pink 
colour,  with  white  nests  and  minute  cavities  lined  with  very  small  erystals 
of  quartz. 

The  paste  consists  of  a  reddish  felspar,  with  minute  specks  and  streaks 
of  dark-green  chloritic  hornblende,  and  small  hexagonal  crystals  of  quartz. 
The  felspar-crystals  are  semi-transparent,  of  good  lustre ;  size  ̂ in.  by  iin. 
The  white  roundish  nests  are  probably  white  felspar,  with  flattish  faces 
and  scarcely  any  lustre.  Epidote  and  green  earth  appear  in  the  small 
cavities  in  connexion  with  the  minute  hexagonal  crystals  of  quartz. 

*  For  Part  I.  and  Part  II.  see  Quart.  Journ.  Geol.  Soc.  vol.  xii.  p.  171  &  p.  188. 
t  Loc.  cit.  p.  198. 
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No.  5.  Granite  from  Jonesborough  Mountain,  south  of  Newry,  presenting  a  general 
resemblance  to  that  last  described,  with  the  exception  that  it  contains  no 
white  nests  or  small  cavities. 

The  paste  is  the  same  as  the  last  (No.  4).  The  crystals  of  pinkish 
felspar  are  more  distinct  and  numerous  than  in  the  last  rock.  No  quartz 
is  visible,  except  in  connexion  with  some  occasional  and  partially  formed 
cavities.  Blackish-green  stains  and  patches  accompany  the  quartz,  as  in 
No.  4. 

Table  I. — Analyses  of  Potash-Granites. 

1.               2. 3. 4. 

5. 

Silica      
70-48 
14-24 3-72 
1-48 
0-40 
4-26 

3-66 

1-59 

71-41 12-64 
4-76 
1-80 
0-63 
5-47 

3-03 

7124 14-36 
3-36 
1-48 

0-64 4-09 

313 1-50 

72-08 14-36 
302 117 
0-36 
5-58 

2-91 
1-50 

71-00 1360 

3-28 
1-06 

0-51 5-73 

327 

1-30 

Peroxide  of  iron  . . . 

Magnesia   
Potash   
Soda       
Protoxide  of  iron  . . 

Loss  by  ignition  ... 

Totals    
99-83 99-74 99-80 100-98 99-75 

The  following  Table  shows  the  atomic  quotients  found  from  the 

preceding  analyses  in  the  usual  manner  : — 

Table  II.- -Atomic  Quotients  of  Potash-Granites. 
1. 

2. 3. 

4. 

5. 

Silioa   
1-566 
0-274 
0-046 
0-053 
0-020 
0-090 

0118 

1-586 

0243 0-059 

0-064 

0-031 
0-116 
0-098 

1-583 
0-276 

0-042 

0053 

0032 
0-087 

0-101 

1-600 
0-276 
0-038 

0-042 
0-018 

0  119 
0-094 

0-041 

1-577 

0-261 
0-041 
0-038 
0-025 
0-122 
0-105 

0036 

Alumina   
Peroxide  of  iron... 

Magnesia    
Potash     

Protoxide  of  iron  . 

Adding  together  the  protoxides  and  peroxides  in  the  preceding 

Table,  we  obtain  the  following  :  — 

Table  III. — Atomic  Quotients  of  Silica,  Peroxides,  and  Protoxides 
in  Potash-Granites. 

1. 2. 
3. 4. 

5. 
Average. 

Silica   
1-566 
0-320 
0-281 

1-586 
0-302 
0-309 

1-583 
0-318 
0-273 

1-600 

0314 
0-314 

1-577 

0-302 
0-326 

1-582 
0-311 
0-301 

Peroxides  ... 
Protoxides... 

The  preceding  results  show  that  these  granites  have  a  general 
family  resemblance,  and  that  they  should  be  grouped  together.    The 

x  2 
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quantity  of  green  mica,  hornblende,  or  chlorite  is  small ;  and,  if  it  be 
neglected,  we  find,  from  the  column  of  average  atomic  quotients,  the 
following  number  of  atoms  of  quartz  and  felspar  in  the  potash- 
granites  of  the  Newry  district : — 

Q  =  0-358 F  =  0-306. 

From  these  numbers,  we  find  the  per-centages  of  quartz  and 
felspar, 

Quartz   =  16*11  percent. 
Felspar  =  83-91        „ 

100-02 

If  we  take  into  consideration  the  mica  or  hornblende  present  in 
the  granite,  and  consider  it  to  be  the  same  as  the  green  mica  of  the 
Mourne  range,  described  in  page  1 9 1  of  my  former  paper,  we  shall 
have  the  following  equations  to  determine  the  number  of  atoms  of 

quartz,  felspar,  and  mica : — 

Q+4F+5M=  1-582 
F+3M=0-311 
F  +  2M=0*301. 

From  these  equations,  we  readily  obtain 

Q  =0-408 
F  =0-281 
M=0-010. 

Assuming  the  atomic  weights  of  quartz  and  the  green  mica  as  45 
and  500  respectively   (see  p.  201.  vol.  xii.),  we  obtain  finally  the 
following  :- 

Miner  alogical  Composition  of  Pot  ash- Granites. 

Quartz      =  18*36 

Felspar         =  76*66 
Green  mica. .    =    5*00 

100*02 

II.  Soda-Granites  of  the  North-east  District. 

The  soda-granites  of  the  North-east  of  Ireland  occur,  as  I  have 
already  observed,  to  the  north  of  Newry,  and  are  characterized  for 
the  most  part  by  pinkish  or  reddish  translucent  felspar  and  black 
mica, — circumstances  indicating  the  presence  of  iron. 

The  following  Table  contains  the  analyses  of  four  of  those  granites. 

No.  1.  Granite  from  Newry  Quarry,  medium-grained,  composed  of  quartz,  white 
felspar  passing  into  pale  pink,  translucent,  and  black  mica. 

No.  2.  Elvan-granite  from  Newry  Quarry,  intersecting  the  former  in  dikes  and 
veins,  fine-grained,  pink.  Besides  the  elvan-dikes,  dikes  of  dark  green- 

stone also  penetrate  the  granite  (No.  1)  in  Newry  Quarry. 
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No.  3.  Granite  from  Goragh  Wood  station,  north  of  Newry,  medium-grained, 
composed  of  quartz,  white  felspar  and  black  mica. 

No.  4.  Granite,  of  gneissose  structure,  from  the  cutting  south  of  Goragh  Wood 
Station,  medium- grained,  composed  of  quartz,  red  felspar,  and  green  mica, 
arranged  in  a  flaky  gneissose  manner. 

Table  IV. — Analyses  of  Soda-Granites. 
1. 

2. 3. 

4. 

64-60 
14-64 6-04 8-16 

2-80 
3-15 
4-02 

1-13 

74-20 
10-84 
1-88 

2-84 

Trace 3-12 4-77 

0-83 

62-08 
15-92 

7-72 
5-52 
2-16 
2-19 

334 0-89 

66-56 

13-52 

6-76 

1-20 
1-32 
2-73 
3-75 

0-18 
2-19 

Peroxide  of  iron... 

Protoxide  of  iron . 

Loss  by  ignition... 

Totals   
99-54 98-48 99-82 

98-21 

The  elvan-dike  (No.  2)  differs  from  the  other  three  granites  in 
the  large  per-centage  of  quartz,  which  is  a  general  characteristic  of 
elvans  and  felstones,  but  agrees  with  them  in  the  relative  proportions 
of  the  two  alkalies. 

Reserving  the  elvan-granite  for  a  separate  discussion,  I  shall  now 
tabulate  the  atomic  quotients  of  the  other  granites,  which  appear  to 
belong  to  the  same  family  of  rocks. 

Table  V. — Atomic  Quotients  of  Soda-Granites. 

1. 

3. 

4. 

1-435 
0-281 
0-075 
0-011 
0-140 
0-067 

0-130 

1-375 
0-306 
0-096 

0019 0-108 
0-046 
0-108 

1-479 

0-260 

0-084 
0-004 
0-066 

0-058 
0-121 

0005 

Peroxide  of  iron... 

Soda    
Protoxide  of  iron . 

Adding  together  the  silica,  peroxides,  and  protoxides  from  the 

preceding  Table,  I  find — 

Table  VI. — Atomic  Quotients  of  Silica,  Peroxides,  and  Protoxides 
in  Soda-Granites. 

1. 3. 

4. 

Average. 

1-435 
0-356 
0-348 

1-375 

0-402 

0281 

1-479 

0-344 
0-254 

1-429 
0-367 
0-294 

Peroxides  ... 

Protoxides . . . 

It  is  evident  from  a  comparison  of  Tables  I.,  II.,  III.,  with  Tables 
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IV.,  V.,  VI.,  that  the  soda-granites  are  not  so  persistent  in  their 
character  and  composition  as  the  potash-granites  of  the  same  district. 
This  result  is  in  accordance  with  that  which  I  formerly  deduced  from 
an  examination  of  the  potash-  and  soda-granites  of  Leinster,  and 
admits,  as  I  think,  of  an  explanation  which  I  shall  presently  give. 

Assuming  that  the  mica  present,  as  green  or  black  mica,  in  these 
granites  is  the  green  mica  of  Mourne,  I  find  the  following  equations 
by  the  method  described  in  Vol.  xii.  p.  201 : 

Q+4F  +  5M=  1-429 
F  +  3M=0'367 
F  +  2M=0-294. 

From  these  equations,  I  find 

Q  =0-472 
F  =0-148 
M=0-073. 

And,  using  the  atomic  weights  of  quartz  and  green  mica  already 

given,  I  obtain  finally — 

The  Miner alogical  Composition  of  the  Soda- Granites  of  the 
North-east  of  Ireland. 

Quartz      21-24 

Felspar    ..    41  -45 
Mica         36-50 

99-19 

It  may  here  be  observed,  that  the  quantity  of  free  silica  or  quartz 
in  the  soda-granites  is  comparable  with  that  of  the  potash-granites ; 
but  it  is  much  more  visible  to  the  ej^e  than  in  the  latter,  although 
from  the  analyses  it  appears  that  the  soda-granites  are  deficient  in 
silica,  as  compared  with  the  potash-granites,  containing,  in  fact,  7  or 
8  per  cent,  less ;  this  is  due  to  the  usually  large  quantity  of  mica 
present  in  the  soda-granites,  as  this  mineral  requires  much  less  silica 
than  felspar.  This  example  shows  how  necessary  it  is  to  check  the 
impressions  of  the  eye  by  the  severer  test  of  laboratory  analysis. 
A  geologist,  speculating  on  the  origin  of  these  granites,  and  not 
having  the  resources  of  chemistry  at  his  command,  might  pronounce 
them  to  be  richer  in  silica  than  the  potash-granites,  whereas  it  ap- 

pears that,  like  other  soda-granites,  they  are  really  more  basic,  and 
may  have  been  formed  from  potash-granites  by  the  addition  of  iron, 
magnesia,  lime,  and  soda. 

From  the  analysis  of  the  pink  elvan-dikes  penetrating  the  granite 
of  Newry  Quarry,  it  appears  that  the  atomic  quotients  of  silica, 

peroxides,  and  protoxides,  are  as  follow  : — 

Atomic  Quotients  of  Silica,  Peroxides,  and  Protoxides  in  the 
Soda-Elvan. 

Silica      1-649 
Peroxides  ..    0*231 
Protoxides..    0*321 
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From  the  fact  that  the  atoms  of  protoxides  exceed  the  atoms  of  per- 
oxides, it  appears  that  this  elvan  cannot  be  composed  of  quartz, 

felspar,  and  green  mica. 
If  we  suppose  that  hornblende  replaces  mica  in  this  elvan,  and 

that  half  the  iron  is  present  as  protoxide,  and  that  all  the  alkalies 
belong  to  the  felspar  of  the  rock,  it  is  easy  to  calculate  the  fol- lowing 

Miner alogical  Composition  of  the  Soda-Elvan. 

Quartz   =29*52 

Felspar    ..=60*15 
Hornblende  =   8*81 

98*48 

From  the  discussion  of  the  granites  of  the  potash-  and  soda-type 
in  this  district,  I  feel  disposed  to  draw  the  following  conclusions, 
which  are  confirmed  in  a  remarkable  manner  by  some  observations 
I  have  recently  made,  in  conjunction  with  Mr.  Jukes,  in  the  County 
Wicklow : — 

1st.  That  both  in  Leinster  and  the  county  Down,  the  potash-granites 
are  more  constant  in  composition,  both  mineralogical  and  chemical, 
than  the  corresponding  soda-granites. 

2ndly.  That  the  potash-granite  appears  to  be  the  standard  type  of 
granite,  from  which  other  granites  and  crystalline  rocks  are  formed 
by  the  addition  of  bases  ;  for  example,  the  anorthite  syenite  of  Car- 
lingford,  and  the  soda-granites  of  Newry,  and  in  Leinster  the  out- 

lying patches  of  granite  between  the  main  chain  and  the  sea. 
3rdly.  That  the  potash-granite  of  Leinster  is  more  persistent  in 

external  character  than  the  potash-granites  of  Newry,  although  the 
latter  are  equally  constant  in  chemical  composition. 

3.  On  the  Palaeozoic  Rocks  and  Fossils  of  the  State  of  New 
York.  Part  II.  The  Stratigraphy  and  Classification  of  the 
Series.     By  J.  J.  Bigsby,  M.D.,  F.G.S. 

[The  publication  of  this  Paper  is  deferred.] 

(Abstract.) 

In  the  synoptical  view  of  the  strata  and  fossils  of  the  palaeozoic  basin 
of  New  York,  read  before  the  Society  Nov.  18,  1857,  the  author 
desired  to  arrange  the  vast  stores  of  information  contained  in  the 
Official  Reports  of  the  State  Geologists  of  New  York  in  a  metho- 

dical and  accessible  form ;  and  in  this  Second  Part  of  the  Memoir 
he  treated  succinctly  of  the  stratigraphical  arrangements  hitherto 
used,  and  the  classification  now  adopted  by  himself.  This  is  but 
little  modified  from  that  proposed  by  De  Verneuil ;  and  is  mainly 
characterized  by  the  union  of  certain  sections  of  the  series  into 

natural  groups,  and  by  the  establishment  of  a  distinct  middle  Silu- 
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rian  stage,  and  an  equally  distinct  middle  Devonian  stage.  The 
lithological  and  paleeontological  characters  of  the  several  groups  of 
strata  were  then  treated  of  in  succession ;  their  resemblances  and  dif- 

ferences, in  these  respects,  being  carefully  noted.  From  the  consi- 
deration of  the  stratigraphical  details  contained  in  this  and  the  pre- 

ceding paper,  Dr.  Bigsby  deduces  two  main  conclusions ;  namely, 
1 .  That,  from  the  Potsdam  sandstone  to  the  summit  of  the  Carboni- 

ferous rocks,  these  strata  were  laid  down  in  comparative  quiet ;  sub- 
ject to  occasional,  vertical,  variable,  secular  oscillations,  which  led  to 

considerable  superficial  changes.  2.  That  their  elevation,  foldings, 
fractures,  and  metamorphism  were  effected  after  the  deposition  of 
the  whole  ;  in  a  single  prolonged  transaction,  and  principally  in  a 
N.E.  and  N.W.  direction,  along  the  present  Appalachian  ridges  and 
their  continuation  from  Labrador  to  near  the  Gulf  of  Mexico.  The 

evidences  on  which  these  two  propositions  rest  were  next  detailed ; 
and  the  views  of  the  Professors  Rogers  on  these  points,  and  the 

author's  objections,  were  stated  in  full. 
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— .     Nova  Serie  Classe  de   Sciencias  Mathematicas,  Physicas  e 
Naturaes.     Tomo  i.  Parte  1.   1854.     Parte  ii.   1855. 

  — .     Classe  de  Sciencias  Moraes,  Politicas  e  Bellas  Lettras. 
Tomoi.  Parte  1.   1854.     Parte  ii.   1855. 

Tomoii.  Parte  1.   1857. 

— .     Annaes  das  Sciencias  e  Lettras,  da  Academia  Real  das  Scien- 

cias.    la  Classe.  Tomo  i.  March  to  August,  1857. 
J.  M.  de  Oliveira  Pimentel. — A  Produccao  do  Sulfato  de  Soda  no 

Volcao  da  ilha  do  Fogo  no  Archipelago  de  Cabo-Verde,  9. 
  .     O  Aluminio,  80. 

J.  V.  B.  Du  Bocage. — Sobre  auf  uma  collec9ao  de  conchas  das  ilhas  da 
Madeira  e  Porto- Santo,  204. 

C.  Ribeiro. — Reconhecimento  geologico  e  hydrologico  dos  terrenos 
das  visinhanfas  de  Lisboa,  247,  311,  3/5. 

  .     2a  classe.  Tomo  i.  March  to  June,  1857. 

  .     Portugalise  Monumenta  Historica.    Leges  et  Consuetudines. 
Vol.  i.  Fasciculus  1.   1856. 

  .     Scriptores.     Vol.  i.  Fasciculus  1.   1856. 

Literary  Gazette,  January  to  March.     From  L.  Reeve,  Esq.,  F.G.S. 

Notices  of  Scientific  Meetings,  &c. 

J.  B.  Jukes's  Student's  Manual  of  Geology  [noticed],  57. 
M.  F.  Maury's  Physical  Geography  of  the  Sea  [noticed],  221. 
J.  Prestwich's  "  The  Ground  beneath  us  "  [noticed],  250. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.    4th  Series, 
vol.  xv.    No.  97.     January  1858.    From  R.  Taylor,  Esq.,  F.G.S. 

Heddle.— Crystalline  Form  of  Faroelite,  28. 
H.  Medlock. — Reciprocal  Action  of  Metals  and  the  constituents  of 

Well-  and  River- waters,  48. 
T.  S.  Hunt. — Silicates  of  the  Alkalies  in  the  Metamorphism  of  Rocks, 

68. 

E.  Hull. — Triassic  and  Permian  Rocks,  72. 
R.  B.  Smyth. — Extinct  Volcanos  of  Australia,  14. 
J.  Phillips.— Shotover  Hill,  75. 
J.  J.  Bigsby. — Palaeozoic  Strata  of  New  York,  1Q. 
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London, Edinburgh,  and  Dublin  Philosophical  Magazine  (continued}. 
No.  98.    February  1858. 

Gaudin. — Artificial  Sapphires,  109. 
Wohler  and  Deville. — The  Affinity  of  Titanium  for  Nitrogen,  109. 
          Some  properties  of  Boron,  110. 
Brunner,  Fremy,  and  Deville. — On  the  preparation  of  the  Metals, 

112,  114. 

R.  Schneider. — Atomic  Weights  of  Cobalt  and  Nickel,  115. 
Heddle. — Some  new  Forms  of  British  Sphenes,  134. 
H.  C.  Sorby. — Microscopical  Structure  of  Crystals,  152. 
J.  Prestwich. — Boring  through  the  Chalk  at  Harwich,  154. 
R.  Godwin-Austen. — Granitic  Boulder  in  the  Chalk,  155. 
C.  Marignac. — Relations  of  Crystalline  Forms,  157. 
R.  Hermann. — Composition  of  Epidotes,  Vesuvians,  and  Garnets,  159. 

  .   No.  99.     March  1858. 

A.  Gages. — Pseudomorphic  Tremolite  encrusted  with  Carbonate  of 
Lime  and  Magnesia,  180. 

C.  Daubeny. — Evolution  of  Ammonia  from  Volcanos,  233. 
S.  Haughton. — Granites  of  Ireland,  234. 
J.  Bigsby. — Palaeozoic  Strata  of  New  York,  235. 

Munich.  Abhandlungen  der  Math.-Phys.  CI.  der  Konigl.  Bayerischen 
Akademie  der  Wissenschaften.     Vol.  viii.  Part  1.  1857. 

A.  Vogel  und  G.  C.  Reischauer. — Ueber  Bleysesquiphosphat,  1. 
A.  Wagner.— Neue  Beitrage  zur  Kenntniss  der  fossilen  Saugethier- 

Ueberreste  von  Pikermi,  109  (7  plates). 
C.  F.  Schoenbein.—  Ueber  metallische  Superoxyde,  159. 

  Gelehrte  Anzeigen,  von  1851.     Herausg.  von  Mitgliedern 
der  K.  Bayer.  Akad.  d.  Wissen.     Vol.  xliv. 

Von  Beust. — Ueber  die  Erzgange  im  sachs.  Erzgebirge,  44. 
L.  S.  Blum. — Die  Einschlusse  von  Mineralien  in  Krystallisirten  Mi- 

neralien,  22. 

Kenngott. — Uebersicht  der  mineralog.  Forschungen  i.  J.  1854,  44. 
Quenstedt. — Der  Jura,  70. 
Volger. — Die  Krystallographie,  45. 
Wagner. — Ueber   die   neuen   Erwebungen   an   Fossilen  Saugethier- 

Ueberresten  von  Pikermi  in  Griechenland,  11. 

— .     Charakteristik  neuer  Arten  von  Knorpelfischen  aus  den  Schiefern 
von  Solnhofen,  35. 

Kobell. — Eine  neue  Methode  Krystallwinkel  zu  messen,  und  minera- 
lisch.  Notizen,  36. 

Naples.  Lo  Spettatore  del  Vesuvio  e  de'  Campi  Flegrei,  Compilato 
dai  F.  Cassola  e  L.  Pilla.  From  July  1832  to  June  1833  ;  5  nos. 
From  Lord  Talbot  de  Malahide,  F.G.S. 

  .     Bullettino  Geologico  del  Vesuvio  e  de'  Campi  Flegrei.  Des- 
tinato  a  far  Seguito  alio  Spettatore  del  Vesuvio.  Compilato  da 
L.  Pilla.    No.  1,  1834.    From  Lord  Talbot  de  Malahide,  F.G.S. 

Paris.     Bulletin  de  la  Societe  Geologique  de  France.     Deux.   Ser. 

vol.  xiv.  feuill.  24-32.     January  to  March,  1857. 
J.  Gosselet. — Note  sur  le  terrain  devonien  de  TArdenne  et  du  Hainaut 

(fin),  369. 
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Paris.     Bulletin  de  la  Societe  Ge'ologique  de  France  {continued). 
A.  Vezian. — Observations  sur  le  terrain  nuramulitique  de  la  province 

de  Barcelone,  374. 

B.  Gastaldi.— Lettre  sur  le  systeme  dentaire  de  Y Anthracotherium 
magnum,  396. 

Fouque. — Note  sur  la  geologie  des  environs  de  Mortain  (Manche),  399. 
J.  Barrande  et  Haidinger. — Lettres  relatives  a  la  grande  carte  geolo- 

gique  d'Autriche,  405. 
A.  Boue  et  J.  Desnoyers. — Sur  les  conglomerats  calcaires  du  Leitha- 

gebirge,  407. 
E.  Desor  et  G.  Cotteau. — Sur  le  genre  Galerites,  416. 
Comte  de  Rottermund  et  J.  Barrande.- — Sur  une  collection  de  roches 

et  de  fossiles  du  Canada,  donnee  par   lui  au  Museum  d'histoire 
naturelle  de  Paris,  419,  428. 

J.  Barrande. — Extension  de  la  faune  primordiale  de  la  Boheme,  439. 

Vicomte  d'Archiac. — Etudes   geologiques   sur   les  departements   de 
l'Aude  et  des  Pyrenees  Orientales,  460. 

E.  Piette. — Note  sur  le  gite  des  Clapes  (Moselle),  510. 

Paris.      L'Ecole   des    Mines :    Annales    des    Mines.     Cinq.    Ser. 
vol.  x.   6e  livre  de  1856. 

Bibliographic,  i. 
Rivot. — Sur  le  lac  Superieur,  365  (plate). 
Delesse. — Sur  laminette  des  Vosges,  517  (plate). 

Damour. — Sur  l'eudialyte  et  l'eukolite,  579. 
De  Senarmont. — Extraits  de  Mineralogie,  587. 
La  decouverte  de  bouille  dans  le  gouvernement  de  Perou,  605. 

Ville. — Un  gite  de  combustible  mineral  situe  entre  Tenes  et  Orlean- 
ville,  605. 

Les  Mines  de  fer  du  district  de  Jisdrine  (Gouv.  de  Kalouga),  612. 

L'exploitation  des  pyrites  sulfureuses  et  de  Focre  du  district  de  Bo- 
rovitseh  (Gouv.  de  Novogorod),  613. 

Extraction  du  soufre  des  pyrites  sulfureuses  du  Gouv.  de  Simbirsk, 
614. 

Un  gite  de  combustible   mineral   decouvert  a  la  Calamitza  (ile  de 
Candie),  615. 

H.  Flury. — Un  gite  de  cuivre  dans  Angola,  615. 

Le  sulfate  de  soude  provenant  des  lacs  du  Gouv.  d'Astrakhan,  617. 

  .       .     Vol.  xi.  lr-3e  livre  de  1857. 

S.  Gras. — Sur  torrents  des  Alpes,  1  (plate). 
E.  Jacquot. — Reeherches  dans  le  Bassin  de  la  Sarre,  107  (plate). 
Meugy. — Sur  la  decouverte  du  phosphate  de  chaux  terreux  en  France 

et  sur  l'emploi  de  cet  engrais  dans  la  culture,  149. 
Ed.  Collomb. — Sur  les  glaciers  actuels,  177  (plate). 
J.  Durocher. — La  petrologie  comparee,  ou  reeherches  sur  la  compo- 

sition chimique  et  mineralogique  des  roches  ignees,  sur  les  pheno- 
menes  de  leur  emission  et  sur  leur  classification,  217,  ̂ 76. 

A.  Descloizeaux. — De  l'emploie  des  proprietes  optiques  birefringentes 
en  mineralogie,  261. 

De  Senarmont  et  Elie  de  Beaumont. — Discours  prononces  aux  fune- 
railles  de  M.  Dufrenoy,  343. 

L.  Moissenet. — Sur  la  gisement  du  minerai  de  plomb  dans  le  calcaire 
carbonifere  du  Flintshire,  351  (2  plates). 

Bibliographic,  i. 
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Paris.     L'Ecole  des  Mines :  Annales  des  Mines.     Cinq.  Ser.  {con- 
tinued) . 

E.  Jacquot. — Sur  le  prolongement  du  bassin  de  la  Sarre  au  dessous 
de  la  partie  centrale  du  departement  de  la  Moselle,  513  (map). 

Dormoy. — Sur  un  nouveau  procede  de  boisage  applique  dans  les  mines 

de  houille  de  la  compagnie  d'Anzin,  pres  de  Valenciennes,  641 
(plate). 

F.  de  Marigny. — Analyses  de  calcaires  provenants  de  la  province 
d' Alger  et  de  celle  d'Oran,  661. 

— .     Analyses  d'eaux  de  l'Algerie,  667 . 
— .  Analyse  de  l'eau  des  laveries  du  minerai  de  cuivre  pyriteux  de 

l'oued  Allelah,  a  Tenes,  671. 
— .  Analyse  d'un  minerai  de  zinc  des  Ouled-Mariz,  pres  de  Tlemcen 

(Oran),  6J2. 
— .    — .  de  cuivre,  672. 

— .  Analyses  d'un  combustible  fossile,  6/3. 
— .     Essai  d'une  pyrite  de  fer  pour  argent,  674. 
— .     Essai  d'une  galene  pour  argent,  675. 
— .  Mines  de  fer,  de  zinc,  de  plomb  et  de  cuivre  du  Guipuzcoa 

(Espagne),  693. 
— .     Mine  de  plomb  argentifere  du  Bottino  (Toscane),  695. 
— .     Mines  de  cuivre  de  Cobija  (Bolivie),  695. 
— .  Resume  des  rapports  des  inspecteurs  des  mines  de  charbon  ex- 

ploiters en  Ecosse  en  1854  et  1855,  698. 

— .     Statistique  de  l'industrie  minerale  du  Royaume-Uni,  700. 

  .     Vol.  xii.     4e  &  5e  livr.  de  1857. 

C.  Marignac. — Rechercbes  sur  les  formes  cristallines  et  la  composition 
chimique  de  divers  sels,  1  (2  plates). 

Delesse. — Sur  le  metamorphisme,  89  (2  plates). 
Daubree. — Sur  le  metamorphisme,  289. 
De  Marsilly. — Sur  les  principales  varietes  de  houille  consommees  sur 

la  marche  de  Paris,  et  sur  la  tourbe,  347. 

Delesse. — Sur  le  metamorphisme,  417. 

Palseontographical  Society,  Monographs  (for  1856).   1858. 

R.  Owen. — Supplement  to  the  Eocene  Chelonia. 
T.  Wright. — Monograph  on  the  British  Fossil  Echinodermata  from 

the  Oolitic  Formations  [and  Lias] .  Part  II.  Diademadse,  Eehinida3, 
Saleniadse,  and  Echinoconidae. 

T.  Bell. — Monograph  of  the  Fossil  Malacostracous  Crustacea  of  Great 
Britain.     Part  I.  Crustacea  of  the  London  Clay. 

T.  Davidson. — Monograph  of  British  Fossil  Brachiopoda.  Part  IV. 
Permian. 

— .       .     Part  V.  Carboniferous. 

R.  Owen. — Monograph  on  the  Fossil  Reptilia  of  the  Wealden  For- 
mation.    Part  IV. 

Philadelphia   Academy  of  Natural   Sciences,    Proceedings.     1857. 
Nos.  8-16,  and  Title  and  Index  of  Vol.  viii. 

W.  J.  Taylor. — Nickel-meteorite  from  Oktibbeha  County,  Miss.,  102. 
F.  V.  Hayden. — Geology  of  Nebraska,  109  (map),  151. 
F.  B.  Meek  and  F.  V.  Hayden.— Fossils  of  Nebraska,  117. 
I.  Lea  and  J.  Leidy. — Reptilian  and  Entomostracan  remains  in  the  Red 

Sandstone  of  Phcenixville,  Pa.,  and  Gwyned  Tunnel,  149, 150, 173. 
VOL.  XIV.   PART  I.  Y 
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Philadelphia  Academy  of  Natural  Sciences,  Proceedings  {continued). 

J.  S.  Newberry. — Eurylepis,  150. 
T.  A.  Conrad. — New  genera  and  species  of  fossil  shells,  166. 
J.  Leidy. — New  genera  and  species  of  fossil  fishes,  167. 
W.  J.Taylor. — Enargite  from  New  Grenada,  168. 
J.  Leidy. — Fossil  Mammalia  of  Nebraska,  158,  175. 
— .     Dentition  of  Mosasaurus,  176. 
I.  Lea.— The  Braintree  Trilobites,  205. 

  .     1858.     Nos.  1-6. 

J.  Leidy. — Fossil  mammalia  from  the  Niobrara  River,  Nebraska,  2, 
7,  10,  11,  20. 

F.  B.  Meek  and  F.  V.  Hayden. — Permian  rocks  in  Kansas,  9. 
J.  Leidy. — Mastodon  tooth,  12. 
F.  B.  Meek  and  F.  V.  Hayden. — Fossils  and  Geology  of  Nebraska,  41. 

Photographic  Society,  Journal.     Nos.  62-64. 

Provincial  Magazine.     Nos.  5  &  8.   1857. 

Quarterly  Journal  of  Microscopic  Science ;  including  the  Transac- 
tions of  the  Microscopical  Society  of  London.     No.  22.    January 

1858. 

Rainey  and  Booth. — Calcareous  oolites,  123. 
Review.     No.  1. 

Royal  Dublin  Society,  Journal.     Nos.  7  &  8  (in  one),  Oct.  1857, 
and  Jan.  1858. 

Royal  Geographical  Society  of  London,  Proceedings.  Vol.  ii.  No.  1. 
January  1858. 

T.  Baines. — North  Australia,  3. 

Royal  Society :    Address  of  the  Right  Hon.  the  Lord  Wrottesley, 
the  President,  delivered  at  the  Anniversary  Meeting,  Nov.  30, 1857. 

  .     Proceedings.     Vol.  ix.     Nos.  28,  29. 
Obituary  notice  of  A.  J.  Brooke,  41. 

         Dr.  J.  A.  Paris,  56. 
J.  Tyndall. — On  some  Physical  Properties  of  Ice,  1&. 
S.  Haughton. — Physical  Structure  of  the  Old  Red  Sandstone  of  the 

County  of  Waterford,  108. 
L.  Horner. — Geological  History  of  the  Alluvial  Land  of  Egypt.  Part 

II.,  128. 

Statistical  Society,  Journal.     Vol.  xxi.  pt.  1.  March  1858. 

Stuttgart.      Wurttembergische   naturw.   Jahreshefte.     Vierzehnter 
Jahr.     Erstes  Heft.     1858. 

Fraas  und  C.  Deffner. — Geognostische  Karte  vom  Bezirk  Kirchheim, 
36. 

Von  Kurr. — Bohrende  Meerthiere  und  Rohrenbildungen  in  Gesteinen, 
43. 

G.  von  Jaeger. — Sandstein  Kugeln  und  Fussabdriicke,  50. 
A.  Oppel. — Pterodactylus  Banthensis,  55. 
Eser. — Geognostische  Umgebung  von  Rom,  57. 
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Stuttgart.     Wiirttembergische  naturw.  Jahreshefte  {continued). 

Binder. — Geognostisches    Profil    des    Eisenbahn-Einschnittes    von 
Gieslingen  nach  Amstetten,  79  (plate). 

Fraas. — Geognostische  Horizonte  im  weissen  Jura,  97. 
Probst. — Notidanus  primigenius,  124. 

II.    GEOLOGICAL  CONTENTS  OF  PERIODICALS 

PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.    2nd  Series,  vol.  xx.    No. 
121  (Supplementary).     January  1858. 

A.  R.  Wallace. — Natural  History  of  the  Aru  Islands,  473. 
J.  D.  Dana. — Thoughts  on  Species,  485. 

  — .     3rd  Series,  vol.  i.     No.  1.     January  1858. 

  .     No.  2.     February  1858. 

T.  Huxley. — On  Cephalaspis  and  Pteraspis,  156. 
— .     On  a  new  species  of  Plesiosaurus,  158. 

  .     No.  3.     March  1858. 

H.  Goeppert. — Fossil  trees  at  Radowenz,  and  the  process  of  petri- 
faction, 236. 

C.  J.  F.  Bunbury.— Neuropteris,  232. 
C.  Forbes. — Crabs  thrown  up  in  Payta  Bay,  240. 

Dunker  und  von  Meyer's  Palaeontographica.     Vol.  v.     Parts  3-5. 1857. 

A.  W.  Stiehler. — Beitrage  zur  Kenntniss  der  vorweltlichen  Flora  des 
Kreidegebirges  im  Harze,  71  (4  plates). 

R.  Ludwig. — Fossile  Pflanzen  aus  der  jiingsten  Wetterauer  Braun- 
kohle,  8  (8  plates). 

Von  Meyer. — Reptilien  aus  der  Steinkohlen- Formation  in  Deutseh- 
land  (conclusion),  179  (4  plates). 

Edinburgh  New  Philosophical  Journal.     New  Series,  No.  33.  Vol.vii. 
No.  1.  January  1858. 

R.  Harkness. — Littoral  features  of  the  Trias,  75. 
T.  Bloxam  and  G.  Wilson. — Composition  of  the  building-sandstones 

of  Craigleith,  Binnie,  Gifnock,  and  Partick  Bridge,  83. 

H.  R.  Goeppert. — Ueber  das  Verh'altniss  der  Boghead-Parrot- Cannel- coal  zur  Steinkohle,  119. 

Schlagintweit. — Himalayas,  Thibet,  and  Turkistan,  126. 
Barth. — Anomalous  period  of  rising  of  the  River  Niger,  129. 
J.  W.  Dawson. — Sternbergiae,  140. 
W.  J.  Hen  wood. — Subterranean  temperature  in  Chili,  147. 
German  Scientific  Association  at  Bonn,  1857,  149. 
C.  Maclaren. — Pikermi  Fossils,  164. 
— .     Conducting  power  of  rocks ;  altitude  of  mountains  not  invariable, 

170. y  2 
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Edinburgh  New  Philosophical  Journal  {continued). 

J.  W.  Bailey. — Origin  of  Greensand,  167. 
Pope. — Artesian  wells  on  the  plains,  169. 
Daubree. — Fossil  foot-marks,  175. 
Seguier. — Meteoric  stones,  176. 
Volcanic  Eruptions  in  the  Island  of  Sangir,  176. 
W.  P.  Blake. — Coal  on  the  western  flanks  of  the  Rocky  Mountains, 

177. 

C.  A.  Murray. — Dust-shower  at  Baghdad,  178. 
A.  Bryson. — Obituary  Notice  of  the  Rev.  Dr.  John  Fleming,  183. 
W.  B.  Rogers.— Obituary  Notice  of  Mr.  W.  C.  Redfield,  185. 

Leonhard  und  Bronn's  Neues  Jahrbuch  fur  Mineralogie,  &c.    Jahr- 
gang  1857.     Sechstes  Heft. 

A.  von  Strombeck. — Beitrag  zur  Kenntniss  des  Gaults  im  Norden 
vom  Harze,  641. 

J.  Barrande. — Ueber  die  innere  Struktur  der  Nautiliden-Schaale,  679. 
A.  Pichler. — Zur  Geognosie  die  Tyroler  Alpen,  689. 
Letters ;  Notices  of  Books,  Minerals,  Geology,  and  Fossils. 

  .     Siebentes  Heft. 

H.  Abich. — Ueber  Dumont's  geologische  Karte  von  Europa,  so  weit sie  den  Kaukasus  betrifft,  769. 

Massalongo. — Neuere    palaontologische   Entdeckungen    am    Monte 
Bolca,  775. 

J.  C.  Deicke.  — Uebersicht    der    Molasse-Formation    zwischen    den 
Alpen  der  Ost-Schweitz  und  dem  Ost-Rande  des  Schwarz-Waldes, 

779. A.  von  Strombeck, — Gliederung  des  Planers  im  N  .W.  Deutschland 
n'achst  dem  Harze,  785. 

Fr.  Weiss. — Zur  naheren   Erlauterung    des    Struktur- Gesetzes    der 
Erde,  789. 

Letters ;  Notices  of  Books,  Minerals,  Geology,  and  Fossils. 

III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Andrews,  W.  P.     Port  of  Kurrachee.     1857. 

  .     The  Punjaub  Railway.     1857. 

Bloxam,  T.  On  the  Composition  of  the  Building-sandstones  of 
Craigleith,  Binnie,  Gifnock,  and  Partick  Bridge.  With  preli- 

minary note  by  G.  Wilson,  M.D.     1858. 

Catalogue  des  Livres  composant  la  Bibliotheque  Scientifique  de  feu 
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On  the  Age  of  some  Sands  and  Iron-Sandstones  on  the  North 
Downs.  By,  Joseph  Prestwich,  Esq.,  F.R.S.,  Treas.  G.S.,  &c. 
With  a  Note  on  the  Fossils  ;  by  S.  V.  Wood,  Esq.,  F.G.S. 

[Read  January  21,  1857*.] 

The  lower  and  central  tracts  of  the  valley  of  the  Thames,  from  Read- 
ing to  the  sea,  consist  of  Eocene  strata,  with  a  limited  covering  of 

Crag  on  the  sea-board  of  Essex  and  Suffolk.  This  mass  of  Tertiaries 
is  skirted  on  the  south  of  the  Thames  by  a  belt  of  chalk,  which 
rises  by  a  gradual  and  continuous  slope,  broken  by  numerous  small 
transverse  valleys,  until  it  attains  an  average  height  of  from  500  to 
600  feet :  it  is  then  abruptly  escarped,  forming  a  cliif-like  declivity 
stretching  east  and  west,  and  at  the  base  of  which  extend  the  Lower 
Cretaceous  and  Wealden  series.  This  elevated  chalk-tract  is  about  ten 
miles  broad  at  Dover  and  Canterbury,  and  ranges  westward,  with  a 
variable  width  of  six  or  eight  miles,  to  Guildford,  where  it  contracts 
to  a  narrow  ridge  not  half  a  mile  broad.  These  Downs  form  a  distinct 
and  marked  division  between  the  Tertiary  strata  of  the  synclinal 

Thames  Valley,  and  the  anticlinal  dome-plain  of  the  Weald ;  they  ex- 
hibit throughout  a  chalk-surface,  either  quite  bare  or  covered  on  the 

hill-tops  by  a  thin  capping  of  reddish  clay,  sand,  and  flints,  with, 
here  and  there,  an  outlier  of  the  Lower  Tertiary  strata  rising  above 

the  general  level  of  the  chalk-plateau,  and  forming  slightly  detached 
and  more  conspicuous  hills.  These  outliers  are  continued  at  a  few 

places  to  the  very  edge  of  the  chalk- escarpment. 
Besides  the  more  general  drift,  and  the  few  local  Tertiary  outliers, 

there  are,  however,  scattered  commonly  on  the  very  summit  of  the 
North  Downs,  from  Folkestone  to  Dorking,  a  few  masses  of  sand,  with 

subordinate  gravel-  and  ironstone-bands,  but  generally  so  much  dis- 
turbed and  so  mixed  up  with  the  drift,  that  they  appear,  and  have 

*  For  the  other  communications  read  at  this  Evening  Meeting,  see  Quart. 
Journ.  Geol.  Soc.  vol.  xiii.  p.  212. 
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usually  been  taken,  to  form  part  of  it*.  They  are  to  be  seen  on  the 
Chalk  Downs  above  Merstham ;  I  had  met  with  them  on  the  chalk- 
escarpment  near  Otford  in  Kent,  at  Vigo  Hill,  again  at  places  near 
Maidstone,  and  thence,  in  increasing  importance,  to  the  Downs  above 
Folkestone.  At  the  latter  place,  on  the  top  of  the  hill  on  the  Dover 
road,  some  of  the  best  sections  (small  though  they  are)  of  these  strata 
are  exposed.  I  have  not  been  able  to  trace  the  width  of  the  deposit 
for  more  than  a  mile  or  two.  It  seems  confined  to  the  higher 

grounds. 
It  is  the  consideration  of  the  age  and  geological  position  of  these 

sands  and  iron-sandstones  that  forms  the  subject  of  the  present  in- 
quiry. The  sands  are  usually  of  a  light  buff-yellow  or  ochreous  colour, 

though  occasionally  greenish,  siliceous,  but  mixed  with  more  or  less 
clay  commonly  red,  passing  in  places  into  small  quartzose  grits,  and 
generally  containing  subordinate  seams  and  bands  of  coarse  iron-sand- 

stone, ironstone  grit,  and  some  flint,  pebbles.  The  whole  is  very  irre- 
gular in  its  mode  of  occurrence,  reposing  upon  a  much-worn  surface 

of  the  chalk,  ordinarily  without  any  distinct  stratification,  or  rather 
the  stratification  is  obliterated,  the  seams  of  ironstone  being  almost 
invariably  broken  and  fragmentary.  There  is,  however,  in  all  the 
larger  outliers  a  certain  amount  of  regularity,  a  certain  uniformity  of 
composition,  and  a  distinctiveness  of  character,  which,  notwithstand- 

ing their  rubbly  condition,  led  me  to  believe  that  they  formed  part  of 

some  sedimentary  deposit  in  situ,  and  that  they  were  not  drift-beds. 
I  was  nevertheless  unable,  in  the  absence  of  superposition  and  of 
fossils,  to  come  to  any  satisfactory  conclusion  with  regard  to  their 
age  ;  I  had,  however,  satisfied  myself  that  the  ironstones  at  least 
were  not  drifted  from  the  Lower  Greensand,  for  on  the  chalk-hill 
above  Merstham  I  had  found  a  few  blocks  of  this  ironstone  f  full  of 

chalk-jHnt--pebh\es  together  with  some  unrolled  flints,  and  again  on 
the  Folkestone  chalk- cliffs.  They  are  therefore  newer  than  the  Chalk. 
The  question  then  arose,  to  which  of  the  Tertiary  strata  these  iron- 

stones belonged ;  and  as  in  East  Kent  there  is  found,  under  the  London 

Clay,  a  bed  of  light-yellow  siliceous  sand,  with  a  subordinate  bed  of 

*  It  has  even  been  a  question  whether  the  fragments  of  iron-sandstone  belong- 
ing to  these  beds  have  not  been  drifted  from  the  Lower  Greensand  of  the  Wealden 

area,  Such  ironstone-fragments,  or  "  clinkers,"  as  they  are  sometimes  called,  are 
often  found  in  abundance  in  the  drift-gravel  of  the  transverse  valleys  of  the  Chalk 
Downs  and  in  the  Thames  Valley.  These  I  believe  to  be  derived  from  the  sands  and 
ironstones  of  the  North  Downs,  although  in  mineral  character  they  are  difficult  to 
distinguish  from  the  ironstones  of  the  Lower  Greensand.  At  the  same  time,  I 
would  by  no  means  say  that  all  the  ironstone-fragments  of  the  Thames-valley  drift 
were  derived  from  the  North  Downs.  In  the  neighbourhood  of  Farnham  they  can 
in  fact  be  distinctly  traced  from  the  Lower  Greensand  through  the  valley  of  the 
Wey  into  the  Tertiary  area ;  again  through  the  gorge  of  the  Stour,  of  the  Medway, 
from  the  Wealden  area  to  the  lower  levels  of  the  Tertiary  area.  But  I  doubt 
whether  the  abundant  flint-  and  ironstone-gravel  of  the  deep  lateral  vales  which 
do  not  traverse  the  downs,  but  commence  at  or  near  their  summit  ridge,  and  open 
into  the  Tertiary  area  only,  be  not  local  and  derived  from  the  adjacent  chalk  and 
the  superincumbent  ferruginous  sands,  and  that  they  are  not  transported  from 
the  Wealden  area. 

f  There  apparently  mixed  with  the  drift ;  but  no  section  is  exposed. 
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coarse  and  occasionally  pebbly  iron-sandstone,  in  some  places  fossili- 
ferous,  at  other  places  without  fossils,  and  often  closely  resembling 
in  mineral  character  the  ironstones  on  the  Downs,  it  seemed  at  first 
sight  most  natural  to  suppose  those  blocks  might  be  remnants  of 
these  beds  mixed  with  the  drift. 

It  might  also  be  a  question  whether  the  loamy  sands  and  ironstone 
were  not  portions  of  the  Lower  Tertiaries  in  situ,  but  modified  in 
structure  and  character  in  consequence  of  their  being  nearer  the 
shore  of  the  Old  Tertiary  sea  than  the  main  mass  between  Faversham 

and  Canterbury.  But  against  this  view  I  found  that  in  all  the  out- 
liers of  Lower  Tertiary  strata,  dotted  at  intervals  over  the  North 

Downs  even  to  the  very  edge  of  the  escarpment,  the  sands  and  asso- 
ciated beds  retain  their  clear,  undisturbed,  more  uniform  and  fresh 

appearance,  and  general  lighter  colour,  exhibiting  in  these  isolated 
masses  an  exact  counterpart  in  their  structure  and  aspect  to  the  same 

beds  in  the  central  Tertiary  mass  of  the  Thames  Valley*.  I  further 
found  that  the  loamy  sands  and  ironstones  formerl  outliers,  often 
lower,  or  on  a  level  with  those  of  the  Lower  Tertiary  strata,  between 

which  they  seem  to  run  as  shown  in  the  following  section  : — 

Fig.  1. — General  Section  from  the  Valley  of  the  Medway  to  the 
Valley  of  the  Darent,  parallel  with  and  near  to  the  edge  of  the 
Chalk  Escarpment. 

Shoreham. Lower  Hailing. 

a—f  Loamy  yellow  sands,     i,  Lower  Tertiary  sands  and  pebble-beds,     m,  Chalk. 

Above  Otford  and  at  Vigo  Hillf,  the  beds  consist  of  fine  argillaceous 
buff-yellow  sand.  There  is  a  much  better  exhibition  of  them  at  the 
hamlet  of  Paddlesworth,  about  four  miles W.N.W.  from  Folkestone,  on 
the  very  summit  of  the  Chalk  Downs,  and  at  a  height  of  probably  about 
600  feet  above  the  sea.  They  there  form  a  slightly  detached  hill,  and 
consist  of  30  to  40  feet  of  ochreous  and  ferruginous  sands,more  or 
less  argillaceous,  with  subordinate  fine  quartzose  grits  and  broken 

beds  and  seams  of  iron-sandstone, — some  of  these  forming  blocks  of 
3  to  4  feet  wide  by  1  foot  thick,  or  even  more.  These  blocks,  which 
are  common  in  and  about  the  hamlet,  sometimes  contain  flint-pebbles 
and  unrolled  flints.  The  fields  in  the  neighbourhood  are  strewed 
over  with  fragments  of  ironstone,  and  in  a  few  of  these  I  found 
on  one  occasion  some  pieces  of  fossil  wood  pierced  by  the  Teredo, 
together  with  that  which  appeared  to  be  the  cast  of  a  bivalve  shell. 
Yet  on  the  neighbouring  shore  at  Folkestone,  which  is  covered  at 

*  The  Tertiary  sands  also  never  present  in  Kent  or  Surrey  the  variable  coarse 
quartzose  grits  and  loamy  sands  prevailing  in  the  Vigo  and  Folkestone-hill  beds ; 
whilst  the  flints  found  in  the  former  are  always  much  more  worn. 

f  Ten  years  since,  a  good  section  of  these  sands  was  exposed  here,  but  on  a 
recent  visit  I  found  only  one  small  opening  preserved  in  a  sand-pipe  on  the  side 
of  the  lane  descending  the  escarpment. 
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places  with  blocks  fallen  from  the  top  of  the  cliff,  and  presenting 
therefore  very  favourable  opportunities  for  examination,  I  have  not 
found  a  single  fossil. 

The  question  was  in  this  state,  when,  in  the  month  of  December 
1854,  Mr.  Rupert  Jones  wrote  to  me  from  Charing  (near  Ashford  in 
Kent),  to  communicate  an  interesting  fact  which  he  and  Mr.  Harris 

had  noticed  in  that  neighbourhood.  He  therein  stated, — "  The  sand- 
pipes  along  these  hills  (from  Harrietsham  to  Charing)  abound  with 

fragments  of  the  ferruginous  rock  of  the  *  basement-bed '  (of  the 
London  Clay).  This  is  often  a  conglomerate,  and  I  recognize  the 

pebbles  of  this  conglomerate  as  being  frequent  in  the  'pipes.'  I 
observe  that  it  abounds  with  casts  of  Pecten,  Pectunculus,  Calyptraea, 
&c,  but  there  are  none  of  Melania  and  Cerithium.  We  find  this 

iron-rock  dispersed  among  the  chalk-flints  in  the  '  pipes,'  and  also 
sometimes  in  the  sand-cores  of  the  pipes.  There  are  some  large 
ironstone-fragments  in  which  fossils  are  absent,  but,  as  other  pieces 
retain  but  faint  graces  sometimes,  I  think  that  all  the  pieces  may  be 

from  the  basement-bed."  This  letter  was  followed  by  a  considerable 
collection  of  the  specimens  alluded  to.  In  some  of  the  pieces  of 
ironstone  the  fossils  were  extremely  numerous,  but  they  were  all  in 
the  state  of  casts  and  impressions  of  species  difficult  to  determine, 
and  of  genera  common  in  great  part  to  the  Lower  Tertiaries ;  and  as 
they  in  fact  looked  a  good  deal  like  the  fossiliferous  ironstone  of  the 
sands  under  the  London  Clay  at  Boughton,  near  Faversham,  my  first 
impression  was  rather  in  favour  of  such  a  conclusion.  Still  there  were 

some  fossils  which  did  not  belong  to  that  period — there  were  Lunu- 
lites,  a  large  Terebratula,  a  species  of  Emarginula,  and  some  pecu- 

liar spines  of  Echini,  such  as  I  had  never  met  with  in  our  Lower 
Tertiary  strata ;  not  being  able,  however,  to  form  a  decided  opinion 
on  the  subject  or  to  obtain  one  from  any  palaeontologist  to  whom  I 
showed  the  specimens,  I  put  them  on  one  side  waiting  further  evidence. 
It  was  not  until  Nov.  1855  that  I  had  an  opportunity  of  visiting  the 

spot,  and  I  found  Mr.  Jones's  report  quite  correct  as  to  these  masses 
of  ironstone  being  in  detached  blocks  in  sand-pipes,  and  mixed  up  with 
sandy  gravel,  clay,  and  flints.  The  following  is  a  general  section  of 
the  hill  *  :— 

Fig.  2. — Section  of  Lenham  Hill,  Kent. 
a  a 

Lenham. 

The  dotted  line,  y,  shows  the  probable  extension  of  the  fossiliferous  beds,  on  the 
surface  of  the  Chalk,  over  the  hill,  and  their  former  extension  in  the  direction  of 
the  Weald. 

The  blocks  of  ironstone  are  found  irregularly  mixed  with  sand  and 
gravel  in  the  core  of  the  pipes  a,  a,  the  sides  of  which  are  lined 

*  This  section  is  now  much  obscured. 
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with  unrolled  chalk-flints  imbedded  in  a  brown  and  ferruginous  clay. 
To  find  similar  fossiliferous  blocks  in  situ,  I  re-examined  the  district 
between  this  ridge  and  the  Thames,  but  without  success.  I  found, 
however,  at  another  chalk-pit  between  Lenham  Hill  and  Harriets- 
ham  Hill,  and  distant  seven-eighths  of  a  mile  W.N.W.  from  the 
Lenham  pit,  some  larger  sand-  and  gravel-pipes,  in  which  the  more 
defined  structure  led  me  to  conclude  that  the  sand-  and  iron-stone 

of  these  pipes  were  not  portions  of  drift,  but  were  part  of  a  de- 
posit which  once  spread  in  regular  beds  over  these  hills,  and  a  por- 

tion of  which  had  been  let  down  as  it  were  into  these  pipes,  by  the 
gradual  dissolution  of  the  chalk  at  these  spots,  in  the  way  I  have 

described  in  a  former  paper*. 
When  a  subsequent  denudation  removed  the  mass  of  the  deposit  from 

that  area,  these  fragmentary  portions  of  the  sands  and  ironstones 
were  protected  by  their  position  in  the  chalk,  and  remain  as  evidence 
of  its  former  wider  extension.  The  Harrietsham  pit  shows  the  fol- 

lowing interesting  section : — 

Fig.  3. — Section  on  the  Hill  above  Harrietsham,  Kent, 
abode      edcba       a  b        a  a   bed    e     f     e   deba 

x7*  I  ■»[  \  r^v7 

X  ' r  Km  ' 

Talus. 

f,  e,  Fine  light-red  and  yellow  sands,  in  parts  very  argillaceous. 
d-b,  Greenish  sand,  more  or  less  argillaceous,  with  a  subordinate  bed  or  seam  of 

ironstone  concretions  (e).     In  places  c  reposes  directly  on  a. 
a,  Unrolled  chalk-flints  in  brown  and  black  clay.  m,  Chalk. 

I  found  only  a  few  traces  of  fossils  f  in  this  pit,  except  some 
doubtful  vegetable  or  spongiform  casts  on  the  surface  of  the  iron- 

stone, of  the  size  of  fingers,  ramified  and  entirely  covering  some 

blocks.  Flint-pebbles  and  a  few  very  small  quartz-pebbles  occur  in  the 
beds  b-d,  and  are  often  encased  in  the  ironstone,  which  also  some- 

times contains  unrolled  flints,  as  in  bed  a.  Now,  as  these  pipes  are 
cylindrical,  and  as  each  core  of  sand  is  symmetrical,  with  its  several 
layers  following  a  like  order  of  succession,  and  retaining  a  nearly  uni- 

form thickness  ;  and  further,  as  the  ironstone-band  holds  in  each  pipe 
the  same  relative  position,  its  separate  fragments  pitching  downwards 
with  the  curve  assumed  by  the  sand,  it  is  to  be  inferred  that  these 
are  let-down  portions  of  strata,  of  which  the  original  structure  was 
horizontal  and  formed  as  in  fig.  4. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xi.  p.  64. 
f  The  cast  of  a  Cardium  has  since  been  found  in  the  ironstone  here. 
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Fig.  4. — Diagram-section  of  the  Ironsands  in  their  original  hori- 
zontal position. 

t^ffS^iMWWr^^^M  f>  Yellow  sands*,  passing  down  into 

pjjjjil        =2  '^EJ  e>  Light-red  sand  and  clay. 

l~::~}^^^y^^^i\  d'  I  Greenish  and  yellow  sands,  with  a  subordinate  seam 

i^^&^^^l^^^'  jr>  |      of  ironstone,  c,  and  some  flint-pebbles. V  :     ■_     ,.        r"      "       : "     "-- 
Wm  SB  a,  Chalk-flints  m  Clay. 

Apart  from  the  great  scarcity  of  shell-impressions,  the  ironstones 
in  this  pit  are  precisely  similar  to  those  in  the  Lenham  pit ;  and  it  is 
to  be  observed  that  there  also  only  portions  of  the  ironstone  contain 
fossils.  Amongst  the  fossils  sent  me  by  Mr.  Jones  was  a  specimen 
of  a  large  Terebratula ;  and,  when  afterwards  at  Lenham,  I  was  for- 

tunate enough  to  discover  another  tolerably  perfect  cast,  and  it  sud- 
denly struck  me,  from  this  and  other  fossils,  that  it  might  be  the  large 

Crag  species,  both  from  its  size  and  general  appearance,  and  from  the 
absence  of  any  species  of  that  magnitude  in  our  Eocene  series.  On 

hastening  to  compare  it  with  the  figures  in  Mr.  Davidson' s  Monograph, 
I  found  that  it  bore  the  closest  resemblance  in  figure  and  size  to  the  T. 
grandis.  I  again  examined  the  other  fossils,  but,  with  the  exception  of 
the  impression  of  a  Scalaria,  which  resembled  the  S.  subulata,  I  could 
obtain  no  satisfactory  result.  In  the  summer  of  1856  I  made  another 
visit  to  Lenham,  and  found,  in  addition  to  former  species,  a  large 

Mya-shaped  shell  f,  also  different  to  any  of  the  Lower  Tertiary  fossils 
with  which  I  was  acquainted,  and  reminding  me  of  a  Crag  species. 
On  mentioning  these  facts  to  Mr.  Searles  Wood,  he  kindly  undertook 
to  examine  the  specimens,  and  has  favoured  me  with  the  appended 
report  (see  p.  333). 

I  must  confess  to  hold  a  stronger  opinion  on  the  subject  than  Mr. 
Wood,  for  there  are  collateral  circumstances  which  greatly  strengthen 

my  belief  of  these  beds  belonging  to  the  Crag,  little  as  I  was  pre- 
pared to  meet  with  the  Crag  at  such  an  elevation  and  such  a  di- 
stance from  the  main  mass.  In  the  first  place,  I  know  of  no  Eocene 

strata  in  the  London  Tertiary  area  quite  like  this  deposit  in  its  litho- 
logical  structure.  Secondly,  no  London  Clay  or  Lower  Tertiary  strata 
contain  any  Terebratula  that  can  be  compared  to  the  T.  grandis,  or 
a  Lutraria  like  the  specimen  from  Lenham  ;  whilst  no  Echini  with 
club-shaped  spines,  nor  Emarginuloe,  Mactrce,  nor  Nassce  have 
hitherto  been  met  with  in  the  London  Clay,  or  in  the  beds  of 
sand  beneath  it ;  again,  Bryozoa,  which  are  common  at  Lenham,  are 

*  These  appear  in  other  places  to  pass  upwards  into  loamy  yellow  sands  with 
subordinate  seams  of  ironstone  and  some  irregular  beds  of  clay.  Some  slightly 
mottled  clays  above  Otford  appear  to  me  to  belong  to  this  group,  although  much 
resembling  the  mottled  clay  of  the  Reading  series.  It  is  a  question  also  whether 
a  few  sandstone-blocks  are  not  occasionally  concreted  in  these  sands. 

f  Probably  the  Lutraria  elliptica. 
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exceedingly  scarce  in  the  London  Tertiaries.  Thirdly,  the  structure 
of  the  Lower  Tertiary  sands  is  much  more  regular  and  uniform,  and 
they  are  not,  like  these  beds,  broken  up  and  disturbed  in  a  way  which 
seems  to  have  arisen  from  the  irregularity  of  the  bed  of  the  under- 

lying chalk,  both  prior  to  their  formation  and  by  an  increase  in 
that  irregularity  at  a  subsequent  period  by  the  action  of  water  wearing 
pipes.  And  fourthly,  because  I  find  similar  beds  on  the  chalk-downs 
on  the  opposite  side  of  the  Channel,  between  Calais  and  Boulogne  ; 
and  thence,  passing  across  the  plain  of  French  Flanders,  we  again 
meet  with  analogous  strata, — though  more  important  and  with  more 
ironstone, — on  the  top  of  Cassell  Hill,  515  feet  above  the  sea,  and  over- 

lying the  Calcaire  grossier  series.  No  fossils  are  found  there  ;  but 
M.  Dumont  and  Sir  C.  Lyell  refer  those  beds  to  the  Diestian  Sands, 
which  they  class  with  our  Crag ;  for  M.  Dumont  had  found  near 
Louvain  these  same  sands  overlying  the  Limburg  and  Bolderburg 
strata  and  containing  impressions  of  shells,  of  which  the  following 

species  are  mentioned  by  Sir  C.  Lyell : — Terebratula  grandis,  Solen 
Ensis,  and  Syndosmya  prismatica;  and  13  genera,  of  which  the 

species  could  not  be  determined,  are  enumerated*. 
From  the  apparent  identity  of  the  more  important  outliers  of 

yellow  sands,  loams,  and  iron-sandstones  at  various  places  on  the 
North  Downs,  with  the  small  isolated  fragmentary  beds  at  Lenham 
and  Harrietsham,  and  from  the  circumstance  that,  when  even  such 

outliers  f  are  wanting,  it  is  common,  nevertheless,  to  find  portions  of 
similar  sands  and  pebbles  in  the  core  of  the  pipes  dotted  over  the 
high  chalk-surface,  thus  showing  the  former  wide  extension  of  the 
beds,  I  conclude  that  they  all  belong  to  the  same  series,  and  also  that 
they  extended  formerly  for  some  distance  beyond  the  summit  of  the 
Chalk  Downs,  and  that  they  are  all  of  the  same  Pliocene  age.  Hitherto 
no  trace  of  any  Crag  has  been  found  south  of  the  Thames  J ;  the 
occurrence,  therefore,  of  these  beds  in  Kent,  not  only  so  far  from  the 
main  mass,  but  also  at  altitudes  so  far  exceeding  any  which  it  attains 
in  Suffolk  and  Essex,  is  a  matter  of  considerable  interest, — an  interest 
further  increased  by  the  circumstance  that  it  gives  us  a  still  nearer 
date  whereby  to  limit  the  denudation  of  the  Weald ;  whilst,  from 
this  rise  in  their  level,  and  the  fact  of  their  stretching  thus  far  inland, 
it  is  probable  that  they  may  formerly  have  ranged  over  the  Wealden 
area,  and  even  have  been  connected  with  the  beds  of  that  age  in 
Normandy  and  Brittany  §. 

*  Quart.  Journ.  Geol.  Soc.  vol.  viii.  p.  295. 
f  The  ironstones  which  form  a  marked  feature  in  Belgium  and  East  Kent  seem 

further  westward  to  be  of  merely  local  occurrence. 
t  My  friend  Mr.  John  Brown,  of  Stanway,  considers  some  sands  at  Chislet, 

between  Canterbury  and  the  Reculvers,  to  belong  to  the  Crag.  I  cannot  agree 
with  him,  as  I  believe  them  to  be  identical  with  the  beds  beneath  the  London 
Clay  at  Heme  Bay  ;  but  I  mention  the  fact  in  order  to  direct  the  attention  of 

others  to  the  point  in  dispute,  and  to  state  that,  in  case  Mr.  Brown's  view  should 
prove  correct,  his  observations  at  Chislet  should  have  the  priority  over  mine  at 
Paddlesworth  and  Lenham.  Amongst  the  fossils  which  he  has  collected  in  that 
locality  there  are  some  which  he  considers  to  be  Crag  species,  whilst  others  are 
distinctly  Eocene,  such  as  the  Cyprina  Morrisii,  and  others. 

§  It  furnishes  us  also  with  an  important  clue  to  the  age  of  some  of  the  drift- 
beds  on  the  south  of  the  Thames. 
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From  the  greater  prevalence  of  some  of  the  more  abundant  Coral- 
line Crag  forms,  I  should  feel  inclined  to  place  these  beds  in  that  group 

rather  than  in  the  Red  Crag.  Thus  the  Scalaria  subulata,  Astarte 
pygmcea,  and  Mactra  triangulata,  as  also  the  genera  Pyrula  and  Avi- 
cula,  are  peculiar  to  the  Coralline  Crag ;  the  Terebratula  grandis,  As- 

tarte Omalii,  and  Tellina  donacina  are  also  more  particularly  abundant 
in  this  portion  of  the  Crag,  the  former  shell  attaining  a  larger  size  than 
in  the  Red  Crag ;  and  of  the  genera  Lucina,  Kellia,  and  Lepton 
there  are  a  considerably  greater  number  of  species  in  the  Coralline 
than  in  the  Red  Crag.  On  the  other  hand,  the  Leda  my  alls  and 
Astarte  compressa  are  said  to  occur  only  in  the  latter  division ; 
but  the  former  is  a  very  doubtful  specimen.  The  remaining  species 
and  genera  are  of  about  equal  value  with  regard  to  either  division. 
Still  the  number  of  species  at  all  recognizable  are  so  few,  that  the 
palseontological  argument  must  be  received  with  reserve. 

There  are,  however,  some  other  points  which  tend  to  confirm  in 

some  measure  this  synchronism, — points  of  physical  structure  and 
geographical  distribution.  Thus,  with  regard  to  the  latter  point, 
one  main  feature  of  the  Coralline  Crag  contrasting  with  the  Red 
Crag  is,  that  the  former  contains  a  considerably  larger  proportion  of 

species  of  southern,  and  the  latter  of  northern  affinities*.  So  in  these 
Lenham  beds,  the  geographical  distribution  of  the  1 1  recent  and  5 

extinct  species  in  Mr.  Wood's  list  (p.  334)  shows  a  certain  prepon- 
derance of  southern  forms.  The  following  Table  exhibits  this  dis- 

tribution : — 

CS  o 

g 

'2  . 

O.S5 

PS^S 

V) 

u 

■wca 

PS 
1.  Dentalium  costatum  .. 
2.  Emarginula  reticulata 
3.  Nassa  prismatica      
4.  Scalaria  subulata      

5.  Arcalactea   
6.  Astarte  digitaria. 
7 
8. 

9. 
10. 
11. 
12. 
13. 
14. 

compressa 
Omalii  ... 

pygmaea. Cytherea  rudis      
Leda  myalis      
Modiola  modiolus  .. 
Mactra  triangulata . . 
Nucula  nucleus    

15.  Tellina  donacina   
16.  Terebratula  grandis 

*? 

*? 

14 
12 8 6 

*  See  Mr.  S.  Wood's  Monograph,  published  by  the  Palaeontographical  Society, 
for  much  valuable  information  on  this  subject. 
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It  thus  seems  that,  with  the  exception  of  three  extinct  species  (4, 
8,  and  13)  which  are  local,  and  two  (7  and  11)  recent  northern  species, 
the  remaining  eleven  have  or  have  had  a  southern  range, — three  as 
far  as  Central  France,  and  eight  as  far  as  the  Mediterranean.  The 
other  genera  also  as  a  group  exhibit  more  southern  than  northern 
affinities. 

The  connection,  before  suggested,  of  an  extension  of  this  older 
Crag  eastward  and  southward  over  our  chalk-downs  would  account 
for  the  introduction  of  the  several  more  southern  forms  of  Molluscs*. 
There  are  even  circumstances  connected  with  this  inquiry  which  ren- 

der it  possible  that  these  Lenham  beds  may  be  a  stage  older  than 
the  Coralline  Crag ;  for  a  considerable  number  of  the  fossils,  so  far 

as  such  imperfect  specimens  will  allow  us  to  judge,  do  not  apparently 
belong  to  either  the  Coralline  or  the  Red  Crag  ;  and  are  either  new 
species  or  may  be  found  to  agree  with  some  of  the  older  Pliocene,  or 
Upper  Miocene,  species  of  France.  This  can  only  be  determined 
when  we  are  in  possession  of  better  and  more  specimens,  or  discover 
some  fresh  fossiliferous  localities. 

I  have  shown  on  a  former  occasion,  that  the  axis  of  the  Weald 

was  probably  one  of  elevation  at  the  commencement  of  the  Creta- 
ceous period, — further,  that  at  the  commencement  of  the  Tertiary 

period  the  chalk  had  been  so  planed  down  around  the  "Weald,  that there  could  be  little  doubt  that  in  the  centre  of  the  then  Wealden 

area,  the  Upper  and  Lower  Greensands  were  exposed,  and  that  their 
debris  contributed  towards  the  formation  of  the  Lower  London  Ter- 

tiary beds.  Now,  again,  at  this  early  Crag  period  it  would  appear 
that  these  Lower  Tertiaries,  together  with  the  London  Clay,  which 
had  during  a  period  of  subsidence  partly,  if  not  entirely,  covered  up 
the  old  Wealden  island,  were  also  largely  denuded,  and  that  the 
Crag  was  deposited  in  depressions  between  the  remaining  outliers  of 
the  Tertiary  strata,  resting  in  places  upon  the  again  bared  surface 
of  the  Chalk.  At  the  same  time  it  is  evident,  from  the  lithological 
structure  of  these  presumed  Crag  beds,  that  they  must  have  derived 
their  origin,  not  only  from  the  debris  of  the  Tertiary  strata,  but  more 
from  that  of  the  Lower  Greensand  and  adjacent  strata,  for  the  chief 
materials  of  the  Lenham  and  Paddlesworth  beds  are  yellow  and 
ochreous  sands  more  or  less  mixed  with  yellow  and  red  clay,  quartz- 
ose  grits,  small  quartz-pebbles,  and  green  sand — all  common  and 
prevailing  constituent  parts  of  the  Lower  Cretaceous  series  of  Kent. 
Added  to  this,  the  prevalence  of  iron,  derived  probably  from  the 
Lower  Greensand,  and  again  concreting  a  portion  of  the  Crag  sands  de- 

rived from  the  same  older  strata  t — and  giving  therefore  to  this  newer 
iron-sandstone  a  like  appearance  to  the  older, — and  of  flints  derived 
from  the  chalk,  leads  me  to  believe  that  another  island  existed  in  the 

Wealden  area  at  the  commencement  of  the  Crag  period,  and  that  the 

*  Not  that  that  communication  was  uninterrupted ;  it  was  broken  by  an  old 
Wealden  island. 
f  Still  from  the  Tertiary  strata  in  part,  as  the  Crag  sands  often  contain  the 

common  Lower  Tertiary  flint-pebbles, — generally  scattered,  but  sometimes  in  thin 
seams,  and  in  masses, — together  with  certain  white  flint-pebbles. 
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surface  of  that  island  was  formed  of  a  larger  tract  of  Lower  Green- 
sand  and  Chalk  (with  Tertiary  cappings)  than  was  exposed  in  the 
former  island,  and  that  the  detritus  from  this  island,  worn  down  by 

coast-  and  river-action,  contributed  the  chief  supply  in  forming  the 
encircling  deposit  of  Crag*. 

The  great  denudation  of  the  Weald  is  thus  brought  to  a  still  more 
recent  date  than  this  period,  these  Crag  beds  extending  to  the  very 
edge  of  the  chalk-escarpment  and  having  been  truncated  by  the  same 
action  that  wore  down  that  escarpment.  I  have  previously  shown 
that  this  operation  had  taken  place  at  a  comparatively  recent  period, 
as  some  beds  of  drift  were  cut  off  in  the  same  way  ;  but  I  was  unable 
then  to  assign  a  date  to  that  drift,  some  of  which  now  appears  how- 

ever to  be  older  than  this  Crag.  We  may  conclude,  therefore,  that 
the  final  denudation  of  the  Weald  took  place  subsequently  to  the 
Crag  period.  At  the  same  time,  as,  in  the  Suffolk  area,  a  great 
break  takes  place  between  the  Coralline  and  Red  Crags,  the  lower 
one  being  a  deposit  formed  in  tranquil  waters,  whereas  the  Red 
Crag  contains  debris  worn  and  broken  from  other  beds,  and  reposes 
upon  a  strongly  abraded  and  indented  surface  of  the  Coralline 
Crag,  it  seems  not  improbable  that  another  elevation  of  the  Wealden 
area  took  place  between  the  Coralline  Crag  and  Red  Crag  periods, 
whereby  the  boundaries  of  the  island f  before  referred  to  were  so 
extended  as  to  form  a  continuous  barrier  between  the  French  and 

English  Crag  areas  at  or  soon  after  the  Red  Crag  period.  This 
would  be  in  harmony  with  the  fact  so  often  noticed,  that  at  the  period 
of  the  Red  Crag  we  first  find  northern  shells  prevailing  to  an  extent 
that  leads  us  to  believe  that  the  sea  of  that  Crag  period  was  open  to 
and  connected  with  the  northern  seas,  aud  would  show  how  the 
communication  which  at  the  period  of  the  Coralline  Crag  existed 
with  more  southern  seas  was  then  cut  off  and  ceased. 

Note. — Since  the  above  paper  was  read  I  have  again  visited  all 
the  localities  named  therein,  but  without  finding  any  better  sections. 
It  is  evident  that  it  is  on  the  chalk -downs  between  Folkestone  and 
Wye  that  these  beds  are  best  developed,  and  T  would  especially  direct 
attention  to  Paddlesworth  and  to  the  neighbourhood  of  Kingmill 
Down,  as  well  as  to  the  hills  above  Otford  and  thence  to  Vigo  Hill. 
A  considerable  number  of  fresh  specimens  have  been  obtained  from 

*  On  the  chalk-hills  between  Upper  Gatton  and  Great  Shabden,  and  about  a 
mile  and  a  quarter  in  a  direct  line  N.N.W.  from  Merstham,  there  is  an  outlier  of 
light  yellow  sand,  a  small  section  of  which  may  be  seen  in  a  pit  in  the  fir-wood 
on  the  east  of  the  road.  This  sand  differs  in  several  respects  from  the  Lower  Ter- 

tiary sands,  and  yet  is  not  like  any  of  the  presumed  Crag  beds  we  have  described. 
Its  base  is  not  shown,  and  only  a  patch  of  gravel  overlies  it,  nor  could  I  find  any 
fossils.  I  am  nevertheless  inclined  to  place  it  with  the  Lenham  group,  for  it  is 
coarser  and  not  so  worn  as  the  Lower  Tertiary  sands ;  it  contains  also  a  few  thin 
flakes  of  ironstone,  some  flint-pebbles  (white  and  not  so  well  worn  as  the  Eocene 
pebbles),  bits  of  unrolled  flints,  also  some  patches  of  quartzose  grit,  and  a  few  rare 
and  small  fragments  apparently  of  the  chert  and  ragstone  of  the  Lower  Green- 
sand.  A  deeper  excavation  might  possibly  expose  some  of  the  ironstone-bands 
and  conglomerates,  blocks  of  which  are  so  common  at  Aldersted  Farm  on  the 
other  side  of  the  valley  along  which  the  Brighton  road  passes. 

f  Bringing  that  island  into  connexion  with  the  continental  area. 
VOL.  XIV.   PART  I.  Z 
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Lenham,  some  of  which  (as  well  as  the  beds  themselves)  have 
been  considered  to  have  a  very  Eocene  look ;  but  I  see  no  cause 
to  alter  my  opinion,  although  I  admit  that  it  will  be  very  desirable 
to  have  that  opinion  strengthened  by  better  and  more  positive  spe- 

cimens. I  can,  however,  now  add  (with  doubt)  to  my  former  list, 
Lutraria  elliptica,  Tapes  perovalis,  Pectunculus  glycimeris,  Leda 
lanceolata,  Cardium  edule,  Cytherea  rudis,  Pecten  Brueri,  Nucula 

depressa,  Nyst,  Crassatella  concentrica,  Duj.  (?),  Balanus  bisul- 
catus,  and  species  of  Phorus,  Donax,  Venus,  Ostrea,  and  Thracia.  I 
must  however  mention  that  Mr.  Harris  has  found  on  the  hills  above 

Charing  some  blocks  of  ironstone,  which,  amongst  several  undeter- 
mined fossils,  contain  a  Ditrupa  much  like  the  D.  plana  of  the  Lon- 

don Clay.  These  may  possibly  be  really  blocks  from  the  Lower 
Tertiary  sands  which  we  know  often  extend  in  outliers  to  the  edges 
of  the  escarpment,  and  which  blocks  may  have  remained  when  the 
sands  were  removed ;  or  they  may  have  been  drifted  here.  The  Crag 
sands  are  generally  so  thin,  have  been  so  extensively  denuded,  and 
are  so  mixed  up  in  most  places  with  the  ordinary  drift,  which  extends 
so  widely  over  the  Chalk  Downs,  that  it  is  often  most  difficult  to 
define  their  extent  or  even  constantly  to  determine  their  presence. 

Mr.  Harris  has  also  been  indefatigably  at  work  in  tracing  the 
extent  of  these  sands  and  ironstones  above  Charing ;  and  we  are  in- 

debted to  him  for  having  had  in  November  last  a  trench  made  at  Down 
Wood  to  a  depth  of  29  feet,  but  without,  I  regret  to  say,  throwing 
any  fresh  light  on  the  position  of  the  fossiliferous  ironstone.  The 
section  was  filled  up  when  I  was  there  in  February,  but  from  Mr. 

Harris's  description  I  should  infer  that  it  consisted  chiefly,  if  not 
entirely,  of  drift.  No  fossils  were  found.  The  following  section  has 

been  kindly  furnished  by  Mr.  Harris  : — 

Trench  in  Down  Wood,  on  Charing  Hill,  about   1J  mile  N.E.  of 
Charing,  Kent;   15  feet  long,  4  feet  wide,  and  28  feet  deep. ft.   in. 

1.  Surface-earth*,  small  fragments  of  flint       1     6 
2.  Reddish  sandy  loam,  sometimes  dark-brown,  occasionally  yel- 

lowish, with  very  few  flints  and  an  occasional  pebble  in  its 
upper  half,  and  with  some  few  flints  in  its  lower  portion...  25  6 

2a.  Traversing  the  loam,  No.  2,  from  north  to  south,  is  a  "run" 
of  whitish  loam,  with  a  sectional  area  of  8  feet  square,  con- 

taining towards  its  base  a  few  large  chalk-flints  and  some 
irregularly  dispersed  masses  of  unworn  flints  cemented  toge- 

ther with  sand  and  irony  matter. 
3.  Brownish  clay  and  large  chalk-flints,  some  of  them  greenish..     2     0 
4.  Chalk-flints,  with  wbite  coating,  supposed  to  be  lying  on  the 

chalk  f. 

At  a  distance  of  a  quarter  of  a  mile  west  of  the  section  above 
described,  another  smaller  trench  was  subsequently  opened  under  Mr. 

Harris's  direction  ;  and  at  the  depth  of  six  feet  was  "found  a  con- 

*  The  surface  of  this  "  grubbed"  or  displanted  woodland  is  strewed  with  slags 
and  fragments  of  ironstone  both  with  and  without  fossils. 

f  From  the  wells  or  holes  dug  for  getting  at  the  chalk  in  the  vicinity,  it  is  seen 
that  the  surface  of  the  chalk  is  very  irregular. 
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tinuous  stratum  of  fossiliferous  iron-sandstone  reposing  on  a  bed  of 
very  large  chalk-flints,  externally  stained  with  iron,  and  a  few  pieces 
of  iron-sandstone.  The  sandstone  was  from  4  to  6  inches  in  thick- 

ness." Mr.  Harris  considers,  that,  owing  to  the  rise  of  the  surface 
from  the  first  to  the  second  section,  the  sandstone  of  the  latter,  if 
continued  eastward,  would  come  out  at  the  surface  where  the  first 
trench  was  dug.  The  beds  in  the  second  section,  which  seem  to  me 
to  be  more  like  beds  in  situ,  would,  I  think,  be  cut  off  before  reach- 

ing the  first  section,  if  I  am  right  in  considering  the  beds  there  to  be 
drift-beds. 

In  a  chalk-hole  in  the  field  west  of  Warren  Street,  and  now  just 
filled  up,  I  found  this  small  section  remaining,  of  strata  which  are  in 
situ  : — 

ft.  in. 

Yellow  sand    1     0 
Mixed  red  clay  and  yellow  sand    3     0 
Seam  of  compact  ironstone,  with  traces  of  fossils    0     2 
Layer  of  small  flint-pebbles    0     6 
Brown  sand  and  clay     1     0 

Mr.  S.  V.  Wood's  Remarks  on  the  Fossils  from  Lenham. — 
"  Mr.  Prestwich  has  submitted  to  my  examination  a  series  of  fossils, 
on  account  of  their  bearing  a  general  aspect  to  those  of  the  Crag. 
They  consist  of  casts  of  shells  in  sandstone,  &c,  displaying  some- 

times the  sculpture  of  the  exterior,  though  oftener  the  shape  only 
of  the  interior  of  the  shell ;  and  the  majority  of  the  specimens  belong 
to  the  bivalve  division  of  the  Mollusca. 

"  The  cast  of  a  shell  is  at  all  times  a  very  unsatisfactory  dependence 
for  specific  identification  ;  and,  unless  the  same  species  be  exhibited  in 
a  bivalve,  for  example,  with  the  sculpture  of  the  exterior  well  displayed, 
while  another  specimen  will  equally  show  the  characters  of  the  in- 

terior with  hinge  or  dental  apparatus,  no  safe  reliance  can  be  placed 
for  a  perfect  identity  with  any  species ;  neither  is  a  univalve,  if  the 
aperture  (upon  which  the  generic  character  is  sometimes  dependent) 
be  not  also  in  a  perfect  condition.  In  the  present  case,  I  am  afraid 
the  most  that  can  be  said  is,  that  there  is  a  stronger  resemblance  in 
these  fossils  to  the  shells  of  the  Crag  than  to  those  of  any  other 
formation,  and  what  may  also  perhaps  assist  in  the  assignment  is  the 
apparent  absence  of  any  decided  species  exclusively  belonging  to  the 
Older  Tertiaries.  There  are,  however,  amongst  them  two  or  three  forms 
somewhat  resembling  species  belonging  to  the  Paris  Basin,  though  in 
these  instances  there  is  by  no  means  an  identification  with  any  Older 
Tertiary  shell  known  to  me ;  still,  if  it  be  asked  whether  a  perfect 
reliance  can  be  placed  upon  any  specimens  as  truly  characteristic  of 
the  Crag  period,  I  fear  an  answer  must  be  given  in  the  negative, 
although  the  general  aspect  of  the  fossils  is  certainly  favourable  to 
the  assumption  that  they  belonged  to  the  Upper  rather  than  to  the 
Lower  Tertiaries ;  and,  as  the  locality  whence  they  were  obtained  is 
very  remote,  it  is  possible  the  two  or  three  strangers  may  have  existed 
at  the  same  time  with  our  long-  and  well-known  Crag  species  ;  and,  if 
they  cannot  be  identified  with  any  of  the  Older  Tertiaries,  which  I z2 
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am  unable  to  do,  they  will  not  materially  interfere  with  our  deter- 
mination, and  their  lithological  character  will  remove  all  doubt  as  to 

the  possibility  of  their  being  derivative  fossils. 

"The  accompanying  list  contains  the  names  of  those  species  to  which 
they  bear  a  very  close  resemblance.  I  give  them  as  approximations 
only  ;  and,  although  there  is  not  one  which  without  a  doubt  could  be 
satisfactorily  determined,  I  still  think  that,  taken  collectively,  they 
are  such  as  to  justify  a  probable  assignment  to  one  of  the  Crag  periods, 
and  they  appear  to  have  been  inhabitants  principally  of  the  Coralline 
zone.  In  reviewing  this  list  it  will  be  observed  that  there  is  a  large 
preponderance  of  bivalves,  and  many  of  the  individual  specimens 
belong  to  the  genera  Nucula,  Leda,  and  Area,  with  a  hinge  charac- 

terized by  a  linear  series  of  teeth  or  denticulations,  and  of  a  magnitude 
approaching  what  may  be  called  an  Arctic  Fauna,  accompanied  with 
several  species  of  Astarte,  &c,  generally  considered  also  of  a  Boreal 
character ;  and  these  might  perhaps  incline  us  to  assign  the  deposit  to 

the  age  of  the  Red  Crag : — 
Cliona. 

Balanus(?). Lunulites.  Coronula(P). 
Diadem  a  ?  (species  of). 
Terebratula  grandis  ? 
Pecten  avicula  ? 
Modiola  modiolus  ? 
Area  lactea  ? 
Leda  myalis  ? 
Nucula  nucleus  ? 
Cardium  (with  spines). 
Cardita. 
Lucina  or  Diplodonta. 
Kellia  or  Lepton. 
Isocardia. 
Astarte  digitaria  ? 
  pygmaea  ? 

Astarte  Omalii  ? 
  compressa  ? 

Cythera  rudis  ? Venus  ? 
Tellina  donacina?  or  Donax. 
Mactra  triangulata? 
Anatina. 
Panopaea  ? 
Dentalium  costatum  ? 

Emarginula  reticulata  ? Trochus. 
Natica. 
Rissoa  ? 
Seal  aria  subulata  ? 
Nassa  prismatica  ? 
Pyrula ; 

with  a  few  others  I  have  not  been  able  to  determine*. 

"There  is,  however,  in  the  Coralline  Crag  somewhat  of  an  anomalous 
collection  of  shells,  many  of  which  are  peculiar  to  the  Arctic  seas  of 
the  present  day,  while  some  of  their  associates  are  found  only  in  the 
Mediterranean  or  the  South  of  Britain ;  and,  although  there  are  amongst 

Mr.  Prestwich's  fossils  many  which  resemble  Red  Crag  species,  there 
is  not  one,  with  the  exception  of  Leda  myalis  (and  this  is  but  a  doubt- 

ful identification,  as  I  have  not  been  able  to  see  the  exterior),  that 
might  not  also  be  considered  as  belonging  to  the  Coralline  Crag. 
I  believe  they  may  with  more  propriety  be  considered  as  the 
equivalent  of  the  Older  Crag,  more  especially  as  there  is  one  speci- 

men which  has  every  appearance  of  being  the  cast  of  a  true  Pyrula  ; 
and,  although  this  genus  has  also  been  procured  from  the  Red  Crag, 
I  believe  the  specimens  so  found  to  be  derivative  fossils,  and  not  to 
have  belonged  to  that  period.  In  looking  at  the  list  of  genera,  it 
will  not,  I  fear,  afford  much  assistance  in  the  determination,  as  the 

*  Mr.  Searles  Wood  has  since  added,  with  a  doubt,  a  Phorus,  which  he  thinks 
may  be  related  to  Trochus  cumularis,  Brongn.,and  Pectunculus  glycimeris,  although 
the  latter,  he  says,  might  be  the  Vicentin  variety  of  P.pulvinatus.    See  also  p.  332. 
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whole  of  them  have  been  obtained  from  the  Lower  as  well  as  the 

Upper  Tertiaries ;  and  unless  any  dependence  could  be  placed  upon 
the  genus  Astarte  as  somewhat  characteristic  of  the  Crag,  there  is 
not  another  but  has  yielded  several  species  throughout  the  whole 
ot  the  Tertiary  period.  There  are  amongst  these  fossils  several 
impressions  of  what  appear  to  have  been  the  spines  of  a  species  of 
Diadema  ;  and,  although  I  have  never  met  with  this  genus,  Mr.  Wood- 

ward tells  me  he  has  seen  a  fragment  of  a  spine  from  the  Coralline 
Crag,  and  it  is  au  animal  whose  presence  might  be  expected  in  that 
formation.  The  shell  (or  rather  the  internal  cast  of  it)  which  most 
resembles  an  Eocene  or  Older  Tertiary  species  is  a  Nucula  with  a 
divergent  hinge  much  like  N.  deltoidea,  and  this  at  first  sight  certainly 
created  considerable  doubt  as  to  its  correct  assignment;  but  our  fossil 
is  considerably  larger  than  any  specimen  or  any  figure  belonging  to 
that  species  that  I  ha?e  seen,  though  at  the  same  time  it  is  very 
different  from  any  Crag  species. 

"  Should  these  fossils  be  really  the  remains  of  a  Crag  period,  I 
think  their  resemblance  is  greater  to  the  Older  portion  of  the  Upper 
Tertiaries  than  to  the  Red  Crag ;  and  as  we  have  always  been  in  the 
habit  of  considering  the  Red  Crag  a  deposit  formed  in  a  sea  open  to 
the  northward,  with  land  on  the  south  of  it,  the  presence  of  the  Co- 

ralline Crag  Formation  thus  elevated  into  land,  whence  these  fossils 
were  procured,  would  not  militate  against  such  a  supposition. 

"  In  the  above  list  there  are  4  species,  viz.  Dentalium  costatum, 
Nassa  prismatica,  Astarte  Omalii,  and  Terebratula  grandis,  which, 
although  found  in  the  Red  Crag,  did  not,  I  think,  belong  to  that 
period,  but  were  probably  introduced  into  the  deposit  from  de- 

stroyed portions  of  the  older  bed.  This  would  give  to  the  Coralline 
Crag  a  preponderance  in  number  of  what  I  have  considered  as  iden- 

tifications (or  at  least  strong  resemblances),  making  14  for  that  for- 

mation, and  only  10  for  the  Red  Crag." 

On  the  Palaeozoic  Basin  of  the  State  o/New  York. 

Part  I.  A  Synoptical  View  of  the  Miner alogical  and  Fossil  Cha- 
racters of  the  Palceozoic  Strata  of  the  State  of  New  York.  By 

J.  J.  Bigsby,  M.D.,  F.G.S.,  Late  British  Secretary  to  the  Cana- 
dian Boundary  Commission. 

[Read  November  18th,  1857.] 

Introduction. — It  having  appeared  to  others  as  well  as  myself  that  a 
resume,  such  as  is  contemplated  by  the  above  heading,  is  desirable, 
I  have  attempted  the  task  in  the  following  pages. 

The  characteristic  geological  points  have  been  distributed  under  a 
few  heads,  and  then  treated  with  brevity  or  fulness  according  to 

the  demands  of  the  occasion ; — the  heads  being  those  of  "  mineral 

character,"  "mode  of  transition "  (among  groups),  "place,"  "posi- 
tion or  dip,"  "thickness,"  "fossils,"  in  general  (typical),  "fossils 

occurrent  in  Europe,"  "  recurrent  in  New  York." 
My  hope  and  intention  has  been  to  form  a  standard  of  reference 
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with  which  to  confront  other  palaeozoic  basins.  The  materials  have 

been  scrupulously  selected  from  the  best  authorities ; — from  the 
able  reports  of  the  State  Geologists  of  New  York,  and  from  the  admi- 

rable researches  of  De  Verneuil  and  Sharpe ;  introducing  also  some 
observations  of  my  own,  for  it  has  been  my  privilege  to  visit  many 
of  the  most  interesting  localities,  and  very  much  of  the  whole  region. 

The  palaeontological  portion  of  this  Synopsis  is  not  taken  from 
the  promiscuous  statements  of  authors,  but  is  based  upon  a  series 
of  elaborate  Tables  constructed  by  myself  from  the  writings  of  James 
Hall,  Vanuxem,  Conrad,  De  Verneuil,  Sharpe,  Portlock,  Salter, 

Sowerby,  Morris,  M'Coy,  and  others.  It  is  true  that  the  fossils  of 
North  America  still  require  some  revision ;  but  I  am  encouraged  to 
believe,  from  the  universally  admitted  competency  of  the  palaeon- 

tologists spoken  of  above, — that  of  James  Hall  vouched  for  byAgassiz 
and  De  Verneuil  after  personal  examination, — that  my  Tables  contain 
a  great  body  of  truth,  to  which  day  after  day  will  only  add. 

In  this  Synopsis  nothing  theoretical  has  been  admitted,  as  far  as 
I  recollect;  but  valuable  facts  occurring  beyond  the  limits  of  the 
State  of  New  York  have  been  placed  at  the  foot  of  the  page,  and  only 
introduced  into  the  general  letter-press  on  unavoidable  occasions. 
At  the  end  of  the  paper  has  been  appended  a  short  series  of  in- 

ferences, interesting  as  they  appear  to  me,  which  result  from  the 
facts  narrated,  and  are  to  be  treated  on  in  a  few  forthcoming  papers, 
mostly  ready. 

The  best  notion  of  the  figure,  extent,  and  relations  of  the  State  of 
New  York  will  be  obtained  by  looking  at  the  Geological  Map  of 

Middle  North-east  America  now  before  you*.  New  York  extends 
from  east  to  west  408  miles,  and  310  miles  north  and  south;  but 
in  a  north-east  and  south-western  direction  this  State  attains  the 
length  of  450  miles,  in  round  numbers.  It  narrows  at  its  west  end 
to  nearly  40  miles.  Along  the  south  side  of  Lake  Ontario  its  north 
and  south  dimension  varies  from  90  to  110  miles.  Two-thirds  of 
the  superficial  extent  of  New  York  are  to  the  east  of  Lake  Ontario. 
To  treat  of  the  boundaries  of  New  York,  political  or  natural,  does 
not  seem  to  be  called  for  here. 

Th?  territory  which  we  have  been  roughly  measuring  contains  the 
north-eastern  portion  of  the  great  central  basin  or  area  of  the  palaeo- 

zoic rocks  of  Middle  North  America. 

This  is  not  the  place  to  describe  it,  further  than  to  say  that  it 
occupies  the  northern,  western,  and  southern  parts  of  the  United 
States,  as  far  west  from  Lake  Champlain  as  the  parallel  of  longitude 

97°,  some  distance  west  of  the  River  Missouri ;  and  as  far  south-west 
as  latitude  33°,  about  Tuscaloosa  in  Alabama ;  each  traverse  being 
not  far  from  1500  miles  long,  and  exhibiting  a  series  of  palaeozoic 
rocks  of  unequalled  magnitude,  symmetry,  and  simplicity.  Beyond 
these  distant  southern  and  western  districts,  the  central  basin  sinks 
under  rocks  of  the  cretaceous  and  tertiary  epochs. 

*  The  Map  referred  to,  comprehending  Canada  and  the  United  States,  is  a 
large  geological  map,  constructed  by  the  author,  on  the  scale  of  16  miles  to  an 
inch,  and  exhibited  to  the  Meeting  when  this  paper  was  read. — Edit. 
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Speaking  now  of  the  framework  which  contains  this  basin,  we  find 
that  it  is  bounded  on  the  east  by  the  metamorphosed  rocks  of  the 
Appalachian  chain  of  mountains,  continued  northwards  into  New 
York,  Massachusetts,  Vermont,  and  Canada,  and  in  reality  contem- 

poraneous with  the  sedimentary  strata  they  encompass. 
On  the  north  the  central  basin  or  area  is  sustained  unconformably 

for  2000  miles  westward  by  the  Laurentine  chain  of  hill-ridges,  which 
consist  of  gneiss,  syenite,  marbles,  &c,  of  a  metamorphism  more 
ancient  than  the  eastern  framework  of  the  basin,  and  which  stood 
above  the  Silurian  seas  to  represent  the  primal  nodus  or  nucleus  of 
the  Western  Hemisphere  long  before,  and  during,  the  palaeozoic  ages 
which  we  hope  to  describe,  and  when  elsewhere  all  was  sea. 

An  observer  starting  southwards  from  the  Laurentine  chain,  as 
from  Kingston  on  Lake  Ontario,  would  encounter  the  sedimentary 
strata  in  succession  from  the  oldest,  until,  in  Pennsylvania  or  Ohio, 
he  would  stand  on  wide-spread  masses  of  coal-measures, — each  fresh 
stratum  marked  by  a  beach,  ridge,  or  some  local  feature,  and  re- 

stricted to  a  narrow  band,  or  outspreading  far  and  wide,  according 
to  the  accidents  of  the  ground. 

Tabular  Arrangement  of  the  Palceozoic  System 

Upper  ...Old  Red  Sandstone     V. 

of  the  State  of  New  York. 

Conglomerate  and  Sandstone. 

r^Slr::::::::::: } IV-  ̂ —  *— 

Q 

Middled  Genesee  Slate    .. 
Tully  Limestone 
Hamilton  Rocks 
Marcellus  Shales 

III.  Clay  and  Sandstone. 

Lower  •> 

Coniferous  Limestone 
Onondaga  Limestone 

}"•
 

Schoharie  Grit    

Cauda-galli  Grit   
Oriskany  Limestone 

Limestone. 

Sandstone. 

M 

Upper  Pentamerus  Limestone 
Delthyris  Shaly  Limestone  ... 
Lower  Pentamerus  Limestone 
Waterlime  Rocks    
Onondaga  Salt  Rocks      

Coralline  Limestone   "I 
Niagara  Shales  and  Limestone...  J 
Clinton  Rocks      \ 
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If  the  observer  sets  out  from  the  banks  of  the  Hudson  about 

Albany,  his  westward  course  will  give  him  the  same  undeviating 
palaeozoic  series,  and  will  land  him  on  a  grand  plateau  of  carboniferous 
rocks. 

Premising  that  we  must  assume  for  the  present  the  correctness  of 
the  palaeozoic  arrangements  of  our  American  brethren,  as  in  the  main 
they  are,  we  proceed  at  once  to  describe  the  successive  fossiliferous 

groups,  beginning  with  Potsdam  Sandstone,  the  earliest,  as  now  con- 
sidered. 

Potsdam  Sandstone. 

Mineral  character. — It  is  a  purely  quartzose  sandstone,  white,  grey, 
red,  and  green ;  the  colour  often  in  stripes  and  spots.  It  is  frequently 
also  argillaceous  and  ferruginous  by  slow  and  extensive  change. 

In  some  places  (Gananoque,  St.  Lawrence)  it  assumes  the  form  of 
a  conglomerate  of  white  round  pebbles,  or  of  breccia  (near  Putnam 
Ferry,  Lake  Champlain).  From  its  contiguity  to  igneous  rocks,  the 
Potsdam  Sandstone  sometimes  takes  on  a  gneissoid  or  slaty  struc- 

ture ;  or  its  lower  layers  are  in  an  intermediate  state,  crystalline,  with 
rounded  gravel  or  sand  intermixed  (Mount  Stessing).  At  White 
Hall,  Port  Kent,  &c,  it  consists,  for  small  spaces,  of  the  debris  of 
granite  or  gneiss ;  as,  besides  quartz,  we  find  both  felspar  and  mica 

in  it*. 
Over  vast  spaces  south  and  west  of  Lake  Superior,  Potsdam  Sand- 

stone consists  of  friable  light- coloured  quartzose  sandstone,  with  in- 
tercalations of  argillaceous,  argillo-calcareous,  and  earthy  deposits. 

Mode  of  Transition. — Potsdam  Sandstone  rests  unconformably 
on  gneiss  (Little  Falls,  &c.)  or  other  crystalline  rock  along  the 
Laurentine  Hills,  a  continuation  of  which  is  the  subalpine  country  of 
north-west  New  York,  the  planes  of  contact  being  commonly  abrupt 
and  distinct ;  or  it  may  be  separated  from  the  subjacent  rock  by 
boulders  of  the  latter  (Montmorenci,  &c). 

On  the  eastern  borders  of  the  basin,  as  on  the  frontiers  of  Vermont, 
or  in  New  Jersey,  Potsdam  Sandstone  is  gradually  delivered  from  the 
metamorphic  condition  in  which  it  is  found  in  those  countries,  and  in 
proportion  as  it  is  continued  west. 

Place. — This  group  of  strata  probably  underlies  nearly  all  the 
central  palaeozoic  basin. 

Its  northern  outcrop  runs  W.S.W.  along  the  south  flank  of  the 
Laurentine  range  of  metamorphic  hills  (creeping  in  among  their 

valleys),  from  near  Quebec  to  the  River  Minnesota  or  St.  Peter's,  a 
distance  of  about  1600  miles.    From  thence  it  gradually  turns  round 

*  In  Pennsylvania,  Prof.  H.  D.  Rogers  found  this  set  of  strata  (the  Potsdam) 
divided  into  a  fourfold  group  {Johnson's  Atlas) : — 

1.  Primal,  newer  slate  in  Pennsylvania,  700  feet  thick. 
2.  A  white  sandstone,  300  feet  thick. 
3.  Older  slate,  felspathic  and  talcose,  1200  feet  thick. 
4.  Quartzose  felspathic  conglomerate,  with  slaty  pebbles,  150  feet. 

Dale  Owen  (Geol.  Survey  of  Wisconsin,  p.  52)  gives  an  important  account  of  the 
mineral  characters  of  the  Potsdam  Sandstone  as  it  occurs  on  the  Upper 
Mississippi. 
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east  and  south,  for  400  miles,  to  Jones ville,  on  Rock  River,  near  the 
south  boundary  of  Wisconsin,  making  the  whole  northern  and 
western  edge  2000  miles  long,  carefully  traced. 

Its  eastern  boundary  is  projected,  in  nearly  a  direct  course,  about 
1 600  miles,  from  the  neighbourhood  of  Montreal  to  near  Tallapoosa 
in  Alabama,  through  Vermont,  Pennsylvania,  and  the  other  more 
southern  States. 

The  principal  areas  of  exposure  of  Potsdam  Sandstone  are  placed 
at  the  eastern  and  western  ends  of  its  northern  outcrop  ;  being  every- 

where else  covered  up,  and  a  mere  selvage  left,  a  few  miles  broad. 
This  eastern  area,  irregular  in  shape,  is  very  large,  and  occupies 

much  of  the  lower  parts  of  the  Ottawa  Valley  (Canada),  together 
with  very  large  portions  of  the  adjacent  State,  New  York  (100  m.  by 
60  m.). 

The  western  mass  is  still  more  important,  and  floors  most  of  middle 
and  western  Michigan  and  of  eastern  Minnesota. 

In  these  regions,  heavy  drift  covers  up  this  rock  for  730  miles  east 
and  west,  and  500  miles  north  and  south.  These  immense  spaces, 
occupied  by  the  ancient  sandstone  and  the  boulder-drift,  may  create 
a  feeling  of  doubt  and  surprise  ;  but  it  is  to  be  remembered  that  we 
are  engaged  with  a  continent  great  in  all  its  developments. 

Position. — Potsdam  Sandstone  is  usually  horizontal  or  undulatory, 
or  with  a  very  small  easterly  (?)  dip,  in  the  State  of  New  York.  In 
the  vicinity  of  intrusive  rocks  the  dip  is  considerable  and  various, 
as  to  the  N.W.  at  Potsdam,  in  New  York*. 

In  De  Kalb  County  this  rock  is  much  subject  both  to  lateral  and 
vertical  pressure,  and  in  some  places  is  quite  broken  up ;  and  there 
are  many  faults  and  uplifts  to  be  noticed  in  the  north  and  west  of  the 
State.     (Hall ;  Emmons.; 

Thickness. — The  thickness  of  the  Potsdam  Sandstone  is  250-300 
feet  in  the  N.W.  parts  of  New  York,  according  to  Emmons  ;  400 
feet  in  the  S.W.  districts,  according  to  Mather ;  and  5000  feet,  in 
the  estimate  of  Owen,  in  the  south  of  Lake  Superior  (but  this  re- 

quires further  examination). 

Fossils. — The  common  fossils  are  Lingular,  Orbiculae,  Trilobites,  and 
Scolithus  linearis  :  species  few,  individuals  often  numerous. 

Fossils  typical. — Lingula  prima,  L.  antiqua  (near  Depauville),  Scoli- 
thus linearis.  Dikelocephalus  Meniskaensis,  D.  granulosus  (in  micaceous 

sandstone).  D.  Minnesotensis  (Still-water,  Mississippi  River,  in  argillo- 
and  magnesio-calcareous  beds). 

Fossils  occurrent  in  Europe. — Scolithus  linearis  (Stiper  Stones,  Salter). 
Fossils  recurrent  in  New  York. — None. 

Calciferous  Sandstone. 

Mineral  Character. — This  set  of  strata  is  intermediate  between 
sandstone  and  limestone.  It  occurs  in  constantly  intermingling 
varieties. 

*  For  many  miles  to  the  south  and  west  of  Lake  Superior  the  dip  is  high,  and 
always  to  the  S.E.  (Owen) ;  but  on  the  Mississippi,  and  near  the  mouth  of  the 
Lacroix  River — one  of  its  great  eastern  tributaries,  as  well  as  in  Wisconsin  gene- 

rally, the  strata  are  nearly  horizontal. 
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First ;  from  below,  it  differs  little  from  Potsdam  Sandstone. 
Secondly  ;  it  consists  of  a  fine  yellow  siliceous  sand  with  carbonate 

of  lime,  and  fractures  with  a  sparkling  grain. 
Thirdly ;  it  is  a  yellowish  calciferous  material,  intercalating  with 

a  limestone  like  that  of  the  Birdseye  group. 
Near  the  middle,  Calciferous  Sandstone  is  cherty  and  geodiferous, 

with  Orthides.  In  its  upper  part  it  is  occasionally  oolitic  in  struc- 
ture (Ballstone,  &c).  It  frequently  contains  drops  or  buttons  of 

anthracite. 

Transition. — Calciferous  Sandstone  graduates  slowly  from  Potsdam 
Sandstone,  and  into  either  Chazy  or  Birdseye  Limestones,  in  certain 
localities. 

It  rests  directly  on  gneiss  at  Little  Falls,  &c,  on  the  River  Mo- 
hawk ;  but  commonly  its  substratum  is  Potsdam  Sandstone*. 

Place. — The  northern  and  south-western  outcrop  or  edge  of  Cal- 
ciferous Sandstone  follows  closely  the  corresponding  track  of  Pots- 

dam Sandstone  along  the  skirt  of  the  elder  metamorphic  rocks  of 
the  Laurentine  Chain,  for  a  distance  of  1756  miles.  It  is  equally 
as  extensive  as  Potsdam  Sandstone,  if  not  more  so,  sinking  with 
it  under  the  more  recent  palaeozoic  strata  towards  the  centre  of  the 
basin  or  area,  but  reappearing  on  the  impulse  of  any  intrusive  rock, 
as  in  Texas  and  elsewhere. 

Its  direct  eastern  border  from  near  Montreal  runs  with  some 

steadiness  down  the  valleys  of  Lake  Champlain  and  the  River  Hudson 
for  550  miles  alongside  of  Potsdam  Sandstone,  but,  in  the  western 
parts  of  the  State  of  New  Jersey,  becoming  both  overlaid  by  younger 
deposits,  and  involved  in  metamorphic  influences  ;  it  has  not,  as  yet, 
been  seen  further  south  in  this  vicinity. 

In  the  State  of  New  York  it  is  sometimes  unexpectedly  absent  in 

patches. 
Calciferous  Sandstone  is  in  general  only  seen  in  long  strips,  from 

being  covered  up.  In  three  places,  however,  if  not  in  more,  it  over- 
spreads surfaces  several  hundred  miles  long  and  fifty  in  breadth. 

These  places  are,  first,  in  the  north-east  of  the  State  of  New  York, 
a  continuation  of  the  Calciferous  Sandstone  of  the  Ottawa  Valley ; 

secondly,  along  the  Upper  Mississippi  and  "Wisconsin  Rivers ;  and thirdly,  on  the  River  Osage,  a  large  western  affluent  of  the  River 
Mississippi. 

Position. — There  is  in  general  a  slight  dip  toward  the  south  and 
west ;  but  in  the  north-west  parts  of  the  State  it  varies  much  and 
suddenly,  from  the  abundance  there  of  intrusive  rocks.  In  Jefferson 
County  it  undergoes  three  or  four  uplifts  vertically  of  25-35  feet. 

In  Franklin  County  the  dip  is  to  the  N.W.,  and  is  slight ;  in 
Lawrence  County  it  is  to  the  N.N.E. ;  and  in  Jefferson  County  the 
dip  is  to  the  south. 

Thickness. — The  thickness  varies  from  250  to  300  feet  in  the 

N.W.  of  the  State  (Emmons)  ;  but,  generally  speaking,  it  is  much 
less  in  New  York. 

*  On  the  south-east  side  of  Lake  Superior,  magnesia  enters  largely  into  the 
composition  of  this  early  Silurian  rock,  according  to  Whitney  and  Foster. 
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Fossils. — See  General  Table,  No.  I. 

We  have  here  many  marine  plants — parts  of  large,  succulent, 
hollow  stems.  Shells  mostly  univalves.  Fossils  apparently  few ; 
but  they  were  in  reality  many,  but  have  been  obscured  by  siliceous 
infiltration  and  by  physical  disturbances  (Hall,  Pal.  i.  9).  The 
upper  half  is  the  most  fossiliferous.  Emmons  (Report,  p.  114) 
remarks  that,  thin  as  are  the  subordinate  masses  of  this  rock  (15- 
30  ft.  only),  yet  each  has  its  own  typical  fossils.  Also,  the  species 
are  few,  forms  peculiar,  and  individuals  numerous. 

Fossils  typical. — Palseophycus  tubulosus ;  P.  irregularis;  Buthotrephis 
antiqua;  Lingula  acuminata;  Euomphalus  uniangulatus ;  Ophileta  levata; 
O.  complanata ;  Maclurea  matutina ;  M.  labiata ;  M.  sordida ;  M. 
striata;  Turbo  diluculus;  T.  obscurus ;  Pleurotomaria  turgida;  Bellero- 
phon  sulcatus  ;  Orthoceras  laqueatum ;  O.  laq.  var.  a ;  O.  primigenium 
(Vanux.). 

Fossils  occurrent  in  Europe. — Orthoceras  laqueatum ;  Bellerophon  sul- catinus. 

Fossils  recurrent  in  New  York. — Scalites  angulatus. 

Chazy  or  Black  River  Limestone. 

Mineral  Character. — This  rock  is  well  defined.  It  is  grey,  blue, 
very  compact  or  subcrystalline,  and  in  layers  which  are  never  more 
than  10  feet  thick.     There  are  cherty  masses  occasionally. 

Transition. — This  is  gradual,  below  and  above.  Vanuxem  unites 
Chazy  Limestone  with  the  next,  the  Birdseye  Limestone.  They 
are  often  undistinguishable,  especially  on  the  River  Madawaska  in 
the  Ottawa  Valley,  U.C. 

Place. — Its  position  is  well  marked  at  Chazy  Village,  on  the  west 
side  of  Lake  Champlain.  Hall  says  it  is  very  persistent,  and  is 
known  almost  across  North  America,  but  only  in  patches  of  moderate 
size,  as  in  the  valleys  of  the  Mohawk  and  of  the  Black  River,  hidden 
or  brought  into  view  by  the  contours  of  the  country.  The  latter 
river  has  given  a  name  to  the  rock  (Emmons,  Report,  p.  107).  It 
is  plentiful  in  Canada. 

Position. — It  has  a  moderate  dip  to  the  west,  near  Essex,  on  the 
west  side  of  Lake  Champlain.  The  inclination  is  to  the  south  and 
west,  and  slight  elsewhere,  except  near  dykes  and  uplifts  on  Lake 
Champlain. 

Thickness. — This  is  130  feet,  including  Birdseye  Limestone,  to 
the  west  and  south  of  Lake  Champlain. 

Fossils. — See  General  Table. 
This  period  was  more  favourable  to  animal  life  than  some  subsequent 

ones.  Forms  here  obscure  become  numerous  and  prominent  at  suc- 
ceeding periods.  Swarms  arose  of  crinoids  and  zoophytes  in  the 

earlier  parts  of  the  period,  with  crowds  as  multitudinous  of  Brachio- 
poda  and  Cephalopoda  in  other  parts,  and  especially  of  Maclurea  (Hall, 
Pal.  i.  15).  There  are  eight  (?)  species  of  Trilobites ;  but  individuals 
are  few.  Nearly  every  species  perished  at  the  end  of  this  period. 
Scarcely  one  of  the  Orthocerata  of  Chazy  Limestone  is  known  to 
ascend  into  any  subsequent  deposition.    Of  the  peculiar  forms  which 
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began  aud  ended  their  existence  with  this  mass,  we  may  mention 
(Hall,  Pal.  i.  37)  the  Maclarea,  Raphistoma,  and  Scalites,  of  which 
generic  analogues  are  scarcely  known  higher.  The  same  was  the 
case  with  the  two  species  of  Bucania  and  two  of  Orthoceras. 

The  organic  affinities  of  this  stratum  with  Trenton  Limestone  are 
close.  Fragments  of  crinoidal  columns,  differing  in  no  respect  from 
the  Trenton-Limestone  species,  are  found  in  this  rock  at  Watertowu, 
New  York  (Hall,  Pal.  i.  51). 

Fossils  typical. — Columnaria  alveolata;  C.  sulcata;  Gorgonia?  aspera; 
Streptelasma  expansa ;  Retepora  gracilis ;  R.  incepta ;  Strictopora  glome- 
rata  ;  S.  fenestrata  ;  Actinocrinus  tenuiradiatus  ;  A.  sp.  ind.  ;  Orbicula 
deformata;  Atrypa  acutirostra;  A.  altilis;  A.  dubia;  A.  plena;  A.  plici- 
fera ;  Ambonychia  my tiloides ;  Maclurea  magna ;  Raphistoma  plenistria ; 
R.  var.  parva ;  R.  staminsea ;  R.  striata ;  Capulus  auriformis ;  Murchi- 
sonia  abbreviata ;  Pleurotomaria  antiquata  ;  P.  bi-angulata;  P.  spec.  ind. ; 
Metoptoma  dubia;  Bucania  rotundata;  B.  sulcatina;  Lituites  convolvens ; 
Orthoceras,  n.  s.;  O.  moniliforme ;  O.  rectangulatum ;  O.  sub-arcuatum ; 
O.  tenuiseptum  ;  Ormoceras  gracile  ;  O.  tenuifilum  and  var.  distans ; 
Endoceras  gemelliparum ;  E.  longissimum ;  E.  multitubulatum ;  E.  sub- 
centrale;  Gonioceras  anceps  (Hall  and  Owen);  Asaphus  marginalis ;  A. 
obtusus  ;  Ceraurus,  sp.  ind. ;  Illaenus  arcturus ;  I.  crassicauda ;  Isotelus 
can  ali  s. 

Fossils occurrent  in  Europe. — Columnaria  alveolata ;  C.  sulcata;  Glvpt- 
aster  brachiatus ;  Ambonychia  nudata ;  Maclurea  magna ;  Murchisonia 
angulata  ;  Pleurotomaria  angustata  ;  Raphistoma  striata ;  Scalites  angu- 
latus  ;  Orthoceras  commune ;  Bellerophon  sulcatinus ;  a  species  of  Bucania. 

Fossils  recurrent  in  New  York. —  Chsetetes  lycoperdon ;  Strom atocerium 
rugosum ;  Glyptaster  brachiatus;  Murchisonia  angustata;  Orthoceras 
duplex;  O  multiseptum;  O.  vertebratum ;  Illsenus  crassicauda,  &c.  See 
Table  of  Recurrency. 

Birdseye  Limestone. 

Mineral  Character. — It  is  in  thick  layers,  evenly  bedded ;  vertical 
joints  well  marked.  Its  colour  is  bluish-grey,  or  light-dove.  It  is 
fine-grained  or  compact ;  fracture  conchoidal.  We  find  it  crystalline 
in  patches.  It  is  generally  a  pure  limestone ;  in  places  siliceous. 
(Emmons,  p.  108.) 

Transition. — From  Chazy  Limestone  to  Birdseye  the  transition  is 
commonly  gradual ;  but  on  the  Mohawk  River,  and  at  Essex  on  Lake 
Champlain,  the  transition  is  abrupt,  a  part  being  wanting  to  connect 
the  two  :  thus  showing,  according  to  Vanuxem,  a  lapse  of  time  between 
the  completed  deposition  of  the  older  stratum  and  the  commencement 
of  the  newer. 

Place. — This  deposit  is  well  developed  in  the  counties  of  Mont- 
gomery, Herkimer,  Oneida,  and  Lewis  (Vanuxem),  and,  according 

to  Emmons  (Rep.  p.  382),  "  forms  an  irregular  belt  through  Jefferson 
County  from  east  to  west,  with  a  breadth  of  at  least  ten  miles.  Its 
northern  outcrop,  on  an  east  and  west  line,  passes  through  Depauville 

and  a  point  two  miles  south  of  Evans's  Mills,  on  the  great  bend  of 
Indian  River.  From  this  point  it  runs  to  the  great  bend  of  the 

Black  River,  and  thence  to  a  point  two  miles  S.W.  of  Carthage." 
Its  disappearance  at  the  south  under  the  Trenton  Limestone  is  along 
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a  line  extending  from  Champion  nearly  direct  to  Watertown.  This 
stratum  is  in  many  places  altogether  wanting,  and  where  it  was 
expected,  as  at  Essex,  the  village  mentioned  already. 

Position. — It  is  conformable  with  its  coterminous  strata. 

Thickness. — Very  various ;  30  feet  on  the  average,  and  thinning 
towards  the  south. 

Fossils. — See  General  Table.  Some  of  the  Orthocerata  are  ten  feet 
long  by  one  foot  broad  (Emmons). 

Fossils  typical. — Fucoides  demissus  ;  Phytopsis  tubulosa  ;  P.  cellulosa ; 
Streptelasma  profunda ;  Strictopora  labyrinthica  ;  Leptaena  filitexta ;  L . 
lsevis  ;  Modiolopsis  nuculgeformis  ? ;  Modiola  ?  obtusa  ;  Natica,  sp.  ind. ; 
Murchisonia  varicosa ;  M.  ventricosa ;  Pleurotomaria  nucleolata ;  P.  nodu- 
losa ;  P.  quadricarinata ;  P.  obsoleta ;  Lituites  undatus ;  Orthoceras  fusi- 
forme ;  O.  recticameratum ;  Cytherina,  sp.  ind. ;  Ellipsolites  (Emmons, 
p.  385) ;  Asaphus  extans  ;  Calymene  multicosta ;  Ogygia  ?  vetusta. 

Fossils  occurrent  in  Europe. — Ampyx  ;  Illaenus  crassicauda ;  Murchi- 
sonia angulata ;  Lituites  convolvens. 

Fossils  recurrent  in  New  York. — Chaetetes  lycoperdon;  Stromatocerium 
rugosum ;  Murchisonia  angustata ;  M.  perangulata ;  Pleurotomaria  umbi- 
licata ;  Illsenus  trentonensis,  &c.     See  Table  of  Recurrency. 

Trenton  Limestone. 

Mineral  Character. — This  limestone  is  black  or  dark-blue  below, 
and  thin-bedded.  Higher  up  it  is  thick-bedded,  grey,  granular, 
and  subcrystalline.  From  this  point,  argillaceous  shale,  which  is 
always  more  or  less  interlaminated,  increases  by  degrees,  until  it 
forms  the  whole  mass  of  the  rock. 

Transition. — Usually  Trenton  Limestone  graduates  from  Birdseye 

by  the  slow  introduction  of  Trenton  fossils  (Putnam's  Quarry,  &c, 
Vanuxem).  It  may  succeed  any  of  the  three  preceding  groups  in 
shaly  layers,  or  in  compact  calcareous  strata  separated  by  shaly 
laminae. 

Well-characterized  Trenton  Limestone  rests  immediately  on  Calci- 

ferous  Sandstone  at  the  Falls,  near  Straker's  Basin,  and  other  places. 
At  Fort  Plain  and  elsewhere  it  lies  upon  Birdseye  Limestone  without 
admixture.     (Vanuxem,  p.  48.) 

Place. — Trenton  Limestone,  after  occupying  the  Isles  of  Mingan 
in  the  Gulf  of  St.  Lawrence,  skirts  the  north  shore  of  that  great 
estuary,  with  moderate  interruptions,  as  might  be  expected  on  such 
a  broken  forest-clad  coast ;  and  then,  little  more  than  a  selvage  visible, 
it  passes  along  the  north  side  of  the  river  St.  Lawrence  to  Montreal, 
adhering  to  the  metamorphic  cliffs  by  shreds  sometimes.  On  its  way 
from  this  point  to  the  remote  west,  it  occupies  much  of  the  lower 

part  of  the  Ottawa  Valley,  all  the  eastern  two-thirds  of  the  north 
shore  of  Lake  Ontario,  in  breadths  varying  from  40  to  80  miles, 
embraces  Lake  Simcoe,  passes  N.W.  from  thence  into  Notawasaga 
and  Gloucester  Bays  of  Lake  Huron,  and  forms  many  islets  in  the 
Georgian  Bay,  the  large  one  of  La  Cloche  among  others.  From 
He  La  Cloche,  as  a  band  about  ten  miles  broad,  it  advances  west  to 
the  south  side  of  Lake  Superior,  where  it  abruptly  sweeps  round  to  the 
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south  in  a  broad  belt,  and  constitutes  the  west  shore  of  the  great  cur- 

vature of  Lake  Michigan,  called  "  Green  Bay." 
From  hence  this  vast  sheet  of  Trenton  Limestone  proceeds  south- 

ward, at  some  distance  from  Lake  Michigan,  and  near  Jonesville, 

Jefferson  County,  bifurcates, — one  branch  running  off  west,  to  cross 
the  Mississippi,  while  the  other,  narrower,  after  a  course  of  about 
1 50  miles,  is  lost  under  the  drift  of  Illinois.  The  whole  length  of  this 
northern  outcrop  is  1700  miles. 

To  give  some  idea,  however  inadequate,  of  the  eastern  outcrop  of 
this  stratum,  we  may  state,  that,  due  south  from  Montreal  in  Canada, 
Trenton  Limestone  passes  in  long  strips  down  both  sides  of  Lake 
Champlain,  and  on  the  east  side  of  the  Hudson  River,  which  it 
crosses  near  Newburg,  to  run  S.S.W.,  as  a  rather  broad  band,  in  its 

proper  geological  position,  to  nearCentreville  in  Alabama, — a  distance, 
from  Montreal,  of  about  1130  miles. 

Of  the  broad  areas  of  Trenton  Limestone  in  Tennessee  and  the 

south-west,  we  may  not  now  speak.  In  the  north-west  portions  of 
New  York  in  the  counties  of  Jefferson,  Lawrence,  &c,  this  limestone 

occupies  much  surface,  and  with  very  circuitous  outlines  on  account 
of  the  unevenness  of  the  country.  Together  with  Chazy  Limestone 
it  passes  from  the  Black  River  to  Oneida  County,  and  from  thence 
to  Spruce  Cradle,  Steuben  Creek,  Beaver  Meadow  Creek,  Stittville, 
and  Holland  Patent. 

On  the  north  and  south  sides  of  Little  Falls  it  appears  in  patches. 
Further  particulars  are  here  inadmissible. 

Position. — Although  usually  in  a  kind  of  wavy  horizontality,  it  is 

subject  to  uplifts  along  the  Mohawk  Valley,  as  well  as  at  Baker's 
Falls  and  Glenn's  Falls  in  the  Hudson  Valley. 

Thickness. — This  is  400  feet  at  Chazy  on  Lake  Champlain  ;  300 
feet  in  Lewis  County,  and  much  thinner  elsewhere,  especially  at- 

tenuating from  west  to  east  (Vanuxem). 
Fossils. — See  General  Table.  This  stratum  is  very  fossiliferous, 

and  contains  256  species,  being  not  very  far  short  of  one-third  of 
the  whole  fossils  of  the  Silurian  series. 

The  numerical  Table,  No.  II.,  shows  us  that  this  rich  stratum  con- 
tains 3  species  of  Plantse,  15  of  Zoophyta,  10  each  of  Bryozoa  and 

Echinoderms,  72  of  Brachiopoda,  16  of  Monomyaria,  19  of  Di- 
myaria,  25  of  Trilobites,  37  species  of  Gasteropoda,  chiefly  Pleuro- 
tomarice  and  Murchisonia,  44  of  Cephalopoda,  chiefly  Orthocerata. 
The  Brachiopoda,  besides  being  numerous,  are  constant  and 

reliable  over  great  areas  ;  but  most  of  them  end  as  species  with  the 
group,  seventeen  only  surviving.  The  Lingulce  are  the  half  of  the 
whole  genus  found  in  the  Silurian  system. 

"  Near  the  base  of  Trenton  Limestone  the  Orthoceras  is  very  rare, 
while  the  few  species  of  Cyrtoceras  known  in  this  rock  seem  almost 
confined  to  that  position.  As  we  ascend  in  the  strata,  Orthocerata 
are  occasionally  found,  but  never  abundantly,  in  the  lower  half  of 
the  deposit.  In  the  centre  of  the  rock  the  Orthoceras  increases  in 
numbers,  and  in  the  succeeding  beds  they  are  massed  together  in 
myriads.     In  the  highest  beds  of  this  limestone  in  many  places  they 
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have  nearly  disappeared,  though  in  some  portions  of  the  succeeding 

slate  they  are  again  abundant."  (Hall,  Pal.  i.  p.  191.) 
Six  only  of  invertebrate  animals  have  been  transmitted  from 

earlier  groups  to  the  Trenton  Limestone,  which  sends  on  only  45, 
the  great  majority  perishing. 

Fossils  typical. — These  are  211  in  number,  leaving  thus  about 
one-sixth  as  either  derived  from,  or  transmitted  to  other  groups. 
All  the  Echinoderms  are  typical ;  55  Brachiopoda,  31  Gasteropoda, 
and  42  Cephalopoda.     For  further  detail  consult  Table  II. 

Fossils  occurrent  in  Europe. — (See  Table  of  fossils  common  to  both 
hemispheres.) — Chsetetes  petropolitanus ;  Stromatopora  concentrica;  Pti- 
lodictya  acuta;  Atrypa  protea;  Leptaena  alternata;  L.  depressa;  L. 
Stroph.grandis;  Lingula  attenuata;  L.  obtusa;  Orthis  biforata;  O.  parva; 
O.  rugosa;  O.  testudinaria ;  O.  Verneuilli;  Spirifer  biforatus;  S.  lynx; 
Terebratula  bidentata;  T.  reticularis;  Calymene  Fischeri;  C.  punctata; 
C.  senaria;  Ceraurus  pleurexanthemus ;  Illaenus  crassicauda;  Isotelus 
gigas ;  Lichas  laciniata ;  Phacops  Dalmanni ;  Trinucleus  Caractaci ;  Mo- 
diolopsis  modiolaris ;  Nucula  levata  ;  N.  post  striata ;  Subulites  elongata ; 
Pleurotomaria  lenticularis ;  P.  percarinata ;  Porcellia  ornata ;  Cyrtoceras 
multicameratum ;  Orthoceras  arcuohratum ;  O.  bilineatum ;  O.  commune ; 
O.  vertebrale ;  Bellerophon  bilobatus. 

The  Cystidea  occur  in  the  Lower  Silurian  stage  both  in  America 
and  Europe. 

Fossils  recurrent  in  New  York. — These  are  38  in  number,  of 
which  22  only  recur  once,  and  that  almost  always  in  the  next  group, 
or  next  but  one :  1 5  recur  twice.  The  one  remaining  passes  on 
into  the  Devonian  system,  like  Orbicula  lamellosa.  As  might  be 
expected,  we  find  among  these  recurrents  four  Graptolites,  twelve 
Brachiopoda,  nine  Trilobites,  six  Lamellibranchiata,  and  two  Gastero- 

poda. Trocholites  is  only  found  here  and  in  the  Pulaski  Sandstones 
of  the  Hudson- River  group. 

Utica  Slate. 

Mineral  Character. — This  subdivision  is  composed  of  the  same 
material  that  separates  the  dark  limestone-layers  of  the  Trenton 
Limestone.  It  is  a  dark,  bluish-black,  or  carbonaceous  shale,  green 
in  Ohio  and  the  West,  weathering  brownish  and  chocolate-coloured. 
It  contains  no  fragments  of  other  rocks ;  but  in  many  places  there 
are  thin  beds  of  impure  limestone.  It  is  metamorphosed  into  a 

roofing-slate  frequently  in  the  first-named  geological  district  (with 
Graptolites). 

Transition. — This  is  very  gradual,  and,  as  a  general  rule,  from 

the  Trenton  Limestone ;  but  near  Split  Rock,  Whallon's  Bay, 
Lake  Champlain,  as  well  as  in  some  other  places,  it  lies  against  and 

upon  Hypogene  Rock,  overlapping  it  in  wrinkles  and  curvatures  at 
the  line  of  junction,  as  we  sometimes  see  Trenton  Limestone  do  in 
like  circumstances. 

Place. — Utica  Slate  is  one  of  the  constants,  and  always  interposed 
between  Trenton  Limestone  and  the  Hudson-River  group  through- 
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out  the  Central  Palaeozoic  area  of  Middle  North  America.  This  is 

well  and  abundantly  seen  on  Lake  Cham  plain  and  in  the  great 
valleys  of  the  Hudson,  Mohawk,  Black,  and  other  rivers.  It  doubt- 

less underlies,  in  its  place  among  the  fossiliferous  strata,  the  whole 
of  the  vast  levels  in  the  United  States,  east  of  the  Mississippi.  It  is 
well  seen  in  the  great  fissures  on  the  Rivers  Ohio  and  Cumberland, 
and  surrounds,  in  an  extensive  mass,  the  Ozark  Mountains  of 
Missouri. 

One  of  its  most  distinct  northern  outcrops  runs  from  Fonda  or 

the  Mohawk,  by  Mexico  Bay  and  Cobourg  on  Lake  Ontario,  Nota- 
wasaga  Bay,  and  the  Manitoulines  Isles  in  Lake  Huron  to  neai 
Grand  Isle,  Lake  Superior  (south  shore),  about  750  miles.  From 
this  point  the  outcrop  of  this  slate  passes  south  several  hundred 
miles  through  an  imperfectly-explored  country,  in  its  proper  geolo- 

gical position.  From  Fonda,  north-eastwards,  it  has  been  traced  to 
Quebec,  a  distance  of  317  miles. 

Position. — Where  not  disturbed  by  intrusive  rocks,  or  by  post- 
carboniferous  movements,  Utica  Slate  dips  slightly  to  the  south-west. 
The  uplift  it  undergoes  at  East  Canada  Creek  will  be  mentioned  in 
another  place. 

Thickness. — This  varies.  It  is  250  feet  in  Montgomery  County 
(Vanuxem),  and  7b  feet  in  the  gorges  of  Loraine  and  Rodman,  more 
to  the  east  in  this  State  (Emmons). 

Fossils. — Utica  Slate  only  yields  48  species  of  fossils,  as  we  learn 
from  Table  I.  Its  upper  part  is  not  fossiliferous,  except  in  Jefferson 
County,  where  it  is  richer  than  in  the  lower  portions  (Emmons). 
Most  of  the  Trenton  fossils  perished ;  only  sixteen  Brachiopoda 
are  received  here. 

Twenty-two  fossils  first  appear  here ;  twenty-six  have  been  received 
and  transmitted  (Table  II.).  Perhaps,  from  containing  too  much 
clay,  this  series  of  deposits  was  unfavourable  to  animal  life. 

Fossils  typical. — These  are  strikingly  so ;  but  they  are  only  ten  ; 
some  of  the  principal  orders,  the  Brachiopoda,  Zoophyta,  Mono- 
myaria,  and  Gasteropoda,  being  unrepresented. 

Fossils  occurrent  in  Europe. — No  Crustacea.  Didymograpsus  sextans  ; 
Diplograpsus  mucronatus;  D.  ramosus;  Graptolites  Sagittarius;  Discina 
crassa;  Leptaena  alternata;  L.  depressa ;  L.  Stroph.  grandis;  Lingula 
curta ;  L.  quadrata ;  Orthis  parva ;  O.  testudinaria ;  Spirifer  biforatus ; 
Terebratula  bidentata;  T.  reticularis;  Clidophorus  planulatus ;  Modio- 
lopsis  modiolaris ;  Nucula  poststriata ;  Porcellia  ornata ;  Bellerophon 
bilobatus. 

Fossils  recurrent  in  New  York. — These  are  almost  altogether 
confined  to  the  Trenton  and  Hudson-River  groups,  with  an  occasional 
escape  into  the  Clinton  group,  and,  in  two  species  of  Leptcena,  the 
passage,  group  by  group,  into  the  New  York  Devonian  system. 
See  General  Table  and  Table  of  Recurrency. 

Hudson-River  Group. 

Mineral  character. — This  group  consists  of  shale  and  shaly  lime- 
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stone,  with  thin  courses  of  limestone  and  limestone-breccia,  the 
upper  portions  in  many  places  abounding  in  fossils.  The  shales  are 
dark-blue,  brown,  and  black  ;  the  gritty  sandstones  and  grits  are 
grey,  greenish,  and  bluish-grey.  This  rock  is  so  diversified  as  to 
have  merited  the  name  of  "Protean,"  its  mineral  characters 
changing  essentially  at  distant  localities. 

On  the  River  Hudson,  and  in  many  other  parts  of  New  York, 
this  rock  is  a  slate  with  thinly-bedded  sandstones,  formerly  called 

"argillite"  and  °  greywacke "  (Hall).  It  is  often  altered  in  cha- 
racter, deranged  in  position,  and  apparently  mixed  with  more 

ancient  schistose  rocks  (Vanuxem,  p.  60).  A  green  or  olive  colour 
is  very  characteristic  of  this  group  (Vanuxem).  It  is  often  sub- 

divided into  the  three  following  portions : — 
1.  (From  below.)     Frankfort  slate  and  sandstone. 
2.  Green  slates. 

3.  Pulaski  sandstones  or  Loraine  shales  (Emmons,  Rep.  p.  119). 
The  first  and  third  portions  have  received  their  names  from  the  rock 
being  well  characterized  at  the  localities  mentioned. 

It  is  a  most  remarkable  fact  that  the  Frankfort  Slates  give  out 

brine-springs,  as  at  Saltspringville  and  at  Balston.  These  are  the 
lowest  saline  springs  known. 

Transition. — Sometimes  this  group  is  distinct  from  Utica  Slate ; 
but  in  general  there  is  no  mineral  line  of  division  between  them,  the 
change  being  gradual. 

Place. — This  is  another  of  the  constant  groups,  and  is  met  with 
in  middle  North  America  wherever  there  is  a  sufficiently  deep 
rupture  among  the  sedimentary  strata.  It  occupies  much  of  the 
middle  and  eastern  parts  of  New  York  (valleys  of  the  Hudson,  Mo- 

hawk, &c.)  in  broad  masses  which  spread  northwards  into  Canada, 
and  southwards  into  New  Jersey  and  Pennsylvania,  but  often  in 
bands  attenuated  by  the  accidents  of  the  ground.  Westward  it 
crosses  from  the  State  of  New  York,  over  Lake  Ontario,  and  over- 

spreads much  of  Upper  Canada  on  its  way  to  the  south  side  of  Lake 
Superior,  where  it  follows  the  southerly  course  of  the  other  Silurian 
groups.  The  exact  outlines  of  this  group  have  not  yet  been  traced 
in  New  York,  from  the  wild  and  intricate  nature  of  the  region  it 

often  occupies.  It  is  in  great  force  in  Albany,  Schenectady,  Scho- 
harie, and  Saratoga  Counties,  and  may  be  followed  from  Saratoga 

Lake  into  New  Jersey  and  beyond  (Mather,  p.  375).  One  line 
of  east  and  west  outcrop  is  1220  miles  long — that  from  the  Mas- 

sachusetts frontier  to  the  south  border  of  Wisconsin  near  Jonesville, 

— while  its  extension  from  Gaspe  of  Lower  Canada,  down  the 
valley  of  the   Hudson,    &c,    to   near   Harrisburg,  is    1400   miles 
lons- 

This  group  is  seen  largely  in  Ohio,  Kentucky,  Indiana,  Missouri, 
and  on  the  River  Mississipi,  beyond  Dubuque. 

Position. — In  the  vicinity  of  intrusive  or  metamorphic  rocks,  the 
dip  is  high,  and  in  various  directions ;  but  at  some  distance  from 
these  it  is  small,  and  very  small  generally  toward  the  west  and 

south.     The  dip  in  Orange  County,  New  York,  is  50°,  and  south- 
VOL.  XIV.   PART  I.  2  A 
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east.  At  Albany  and  at  Schenectady,  in  Ulster  and  Green  Counties, 
the  dip  is  E.S.E.,  and  very  high. 

Thickness. — The  maximum  thickness  in  Schoharie  County  is  700 
feet.  It  varies  from  500  to  800  feet  on  the  Hudson  River  in  the 

eastern  part  of  New  York  (Mather).  On  the  west  of  Lake  Cham- 
plain,  the  thickness  is  500  feet ;  but  at  Schenectady,  the  Frankfort 
Slate  alone  is  500  feet  thick  (Mather). 

Fossils. — Consult  the  General  Table  No.  I.  and  Table  No.  II. 

Frankfort  Slate  and  Sandstone  are  very  poor  in  fossils,  except  in 
Graptolites,  of  which  it  possesses  ten  species. 

The  animal  remains  are  103  in  species,  of  which  42  have  been  de- 
rived from  previous  strata,  and  most  of  them  from  the  Trenton  Group. 

We  here  notice  especially  the  effects  of  sediment  on  Invertebrate 
life.  Most  of  the  Brachiopoda,  Monomyaria,  Crustacea,  Gasteropoda, 
and  Cephalopoda  have  disappeared ;  and  there  are  few  Zoophytes, 
for  want  of  lime. 

Several  Trenton  fossils  (Strophodon  semiovalis,  Leptcena  alternate/, 
Orthis  testatus,  Calymene  senarid)  being  continued  through  Utica 
Slate  into  this  group,  we  may  almost  consider  it  as  a  continuation  of 
Trenton  Limestone,  beginning  with  a  shaly  limestone  passing  through 
shale  and  shaly  sandstone  to  the  end  of  the  series.  Many  of  the 
Brachiopoda  of  Trenton  Limestone  are  characteristic  of  the  upper 
part  of  this  group  (Hall).  The  Orthocerata  are  sometimes  flattened. 
The  Zoophytes  here  are  very  few  (5),  for  want  of  lime. 

Fossils  typical. — These  are  numerous  (60),  because  nearly  every 
order  has  a  number  of  representatives,  especially  the  Dimyaria.  Cyrto- 
lites  ornatus  (Porcellia)  is  peculiar  to  the  upper  part  of  the  Hudson- 
River- group.  It  was  at  one  time  supposed  that  no  fossils  were 
transmitted  into  the  newer  groups ;  but  Table  II.  shows  that  14 
of  this  group  pass  upwards  beyond  the  Oneida  Conglomerate.  They 
are  principally  Brachiopoda. 

Fossils  occurrent  in  Europe. — Graptolites  Sagittarius;  G.  scalaris;  G. 
tenuis;  Ptilodictya  lanceolata ;  Glyptaster  brachiatus ;  Leptaena  alternata; 
L.  depressa;  L.  (Stroph.)grandis;  Orthis  lynx;  O.  biforata;  O.  occidentalis, 
Lyell;  O.  parva;  O.  testudinaria ;  Spirifer  biforatus;  S.  lynx;  Terebratula 
bidentata;  A  try  pa  reticularis;  Trinucleus  Caractaci;  Avicula  demissa?; 
Clidophorus  planulatus ;  Lyrodesma  plena ;  Modiolopsis  modiolaris ; 
Nucula  levata;  N.  poststriata;  Orthonota  nasuta;  Cyrtolites  ornatus; 
Lituites  planorbiformis ;  Bellerophon  bilobatus. 

Fossils  recurrent  in  New  York. — The  received  organisms  of  the 
Hudson-River-group  are  principally  Brachiopoda  (14).  The  others 
are  scattered,  a  few  of  each  order.  The  fossils  which  this  group 
transmits  are  Leptcena  depressa,  L.  sericea,  Atrypa  didyma  ?,  Theca 
triangularis,  Calymene  Blumenbachii. 

Grey  Sandstone, 

Mineral  Character. — In  some  parts  of  this  basin  a  grey  sandstone 
succeeds  the  Hudson-River-group.  It  is  of  a  uniform  character, 
and  may  be  described  in  general  as  an  even-bedded  greenish-grey 
stratum,  fine-textured,  siliceous,  but  not  vitreous,  with  a  little  mica 
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everywhere ;  often  like  millstone-grit.     It  also  has  beds  of  breccia, 
and  ends  upwards  in  grey  or  white  unfossiliferous  limestone. 

The  masses  belonging  to  it  in  Oneida  County  are  thus  described 
by  Emmons,  p.  124  : — 

1 .  [From  below]  A  greenish,  fine-grained,  even-bedded  sandstone, 
with  thin  green  slaty  layers  interposed,  and  sometimes  enclosed  also 
in  the  rock. 

2.  A  reddish-brown  sandstone,  the  layers  4  to  24  inches  thick, 
alternating  with  layers  of  the  same  colour. 

3.  White,  grey,  and  reddish  limestone,  terminating  downwards 
in  the  preceding  rock.  Its  beds  are  always  thick ;  and  the  whole  rock 
is  massive  and  chequered  with  seams  of  spar  and  quartz. 

4.  A  greenish  breccia ;  its  fragments  not  coarse,  but  very  strongly 
cemented  together.  Its  colouring  matter  often  appears  to  be  chloritic ; 
and,  when  the  mass  is  fine,  it  has  a  trappean  appearance. 

5.  A  conglomerate  of  rounded  pebbles  of  quartz,  united  appa- 
rently without  cement.  It  is  confined  to  Oneida  County,  and  has 

no  fossils. 

Now  comes  the  unfossiliferous  limestone.  It  is  rarely  a  homo- 
geneous rock,  and  is  seamed  and  veined  with  quartz  and  spar. 

Transition. — We  are  told  by  Emmons  (p.  406)  that  the  Hudson- 
River-group  is  succeeded  by  this  sandstone  in  Jefferson  County; 
and  Hall  says  "  that  in  Oswego  and  the  adjacent  counties  the  Pu- 

laski shales  of  the  Hudson-River-group  slowly  change  into  grey 
sandstone, — the  fossils  ceasing,  the  green  matter  disappearing,  till  at 
length  the  new  stratum  is  completed.  Passing  upwards  here,  the 
grey  sandstone  mingles  with  Medina  sandstone,— the  latter  differing 
chiefly  by  its  colour,  and  the  grey  limestone  being  often  spotted  with 
the  colouring  matter  of  Medina  sandstone ;  so  that  there  is  here  a 

gradual  passage  from  Hudson-River-group  to  Medina  Sandstone." 
The  grey  sandstone  was  a  sandy  beach  washed  by  advancing  and  re- 

tiring waves;  for  Lingulce  are  found  on  it,  fixed  on  little  ridges  of  stony 
matter.     It  has  also  wave-lines  like  those  of  our  present  beaches. 

Place. — The  Grey  sandstone,  according  to  Vanuxem,  is  found  in 
Oneida,  Lewis,  and  Oswego  Counties.  It  begins  a  little  south  of 
Rome,  and  covers  a  large  area  in  the  two  latter  counties.  Hall  finds 
it  in  the  west  and  south,  in  the  townships  of  Camden,  Florence, 
Mexico,  Newhaven,  Scriba,  Oswego,  and  Lewis. 

Position. — This  is  an  undisturbed  rock ;  but  it  has  a  perceptible 
inclination  to  the  south-west. 

Thickness. — In  Jefferson  County  the  thickness  is  about  100  feet, 
taking  in  the  grey  limestone.  In  other  places  Emmons  makes  it 
1500  feet,  including  all  the  individual  masses  (Rep.  p.  127).  I 
think  Prof.  Emmons  does  not  here  distinguish  this  rock  clearly  from 
the  Oneida  Conglomerate. 

Fossils. — There  are  very  few  fossils  in  the  Grey  sandstone.  They 
are  Lingula  cuneata,  Avicula  demissa,  and  Strophomena  nasuta,  the 
last  found  by  Emmons,  near  Rome.  They  are  confined  to  the  lower 
part  of  the  rock.  Some  fine  species  of  Fucoids  have  been  found 
(Mather,  p.  369)  at  New  Hartford  Centre  and  Hampton  Village. 2  a2 
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This  sandstone,  together  with  some  other  subordinate  strata,  are 

probably  the  channel  of  fossil-communication  between  the  Lower  and 
Upper  Silurian  stages. 

Oneida  Conglomerate. 

This  is  a  group  of  great  importance,  from  its  vast  development, 
especially  in  length,  and  from  the  tokens  it  bears  both  of  plutonic 
disturbances,  and  of  certain  relations  of  land  and  sea  at  and  after  the 

epoch  of  its  deposition. 
It  is  made  up  of  a  continued  alternation,  but  irregular  in  all 

respects,  of  three  conformable  masses  : — 
1st.  A  conglomerate  of  variously-coloured,  but  chiefly  white,  quartz- 

pebbles,  usually  fths  of  an  inch  in  diameter. 
2ndly.  Of  white,  yellowish,  or  red  quartzose  sandstone ;  and 
3rdly,  and  very  largely,  of  red  and  green  shale,  highly  titaniferous  : 

that  is,  if  the  vast  formation  so  named  by  Sir  William  Logan  be 

Oneida  Conglomerate  ;  for  it  is  considered  to  be  the  Hudson-River- 
group  by  Professor  H.  D.  Rogers,  according  to  a  conversation  with 
me.  Many  strong  reasons  may  be  brought  in  favour  of  either  view, 

in  the  proper  place.* 
Transition. — The  upper  portions  of  the  Hudson-River-group 

either  having  been  removed  or  never  laid  down  in  places,  we  find 
that  the  Oneida  Conglomerate  may  rest  on  Frankfort  Slates  (H.-R.- 
group),  as  in  Herkimer  County,  or  on  Pulaski  shales  (H.-R.-group), 
as  in  the  west  part  of  Oneida  County,  the  distinction  or  separation 
being  abrupt  (Vanuxem) ;  or,  as  we  have  shown,  it  may  succeed 
the  Grey  Sandstone  just  described.  This  would  appear  a  natural 
termination  of  the  Hudson-River-group,  and  would  be  an  easy  and 
gradual  introduction  of  the  Oneida  Conglomerate.  In  regular 
ascending  order,  this  conglomerate  may  always  be  taken  as  succeed- 

ing the  Hudson-River-group  without  interpolation  and  gradually. 
Further  east,  in  the  State  of  New  York,  along  the  base  of  the 

Helderberg  Mountains,  where  the  Clinton,  Niagara,  and  Onondaga- 
salt  groups  are  very  thin,  the  Oneida  Conglomerate  is  absent,  and 
the  Hudson-River-group  rises  to  within  a  few  feet  of  the  Tentaculite-, 

*  Professor  Rogers  merges  Oneida  Conglomerate  into  Medina  Sandstone, — both 
together  constituting  his  "  Levant  Series  "  in  Pennsylvania. 

His  brief  but  clear  account  of  the  mineral  character  of  Oneida  conglomerate 
differs  little  from  that  given  by  the  New  York  geologists.  It  is  to  the  following 

effect  (Johnston's  Atlas,  2nd  edit.,  p.  31)  : — 
It  is  a  triple  formation.  The  upper  member  is  a  white  and  light-grey,  fine- 

grained, hard  sandstone,  alternating  near  its  upper  limit  with  beds  of  red  and 
greenish  shale ;  the  sandstone  covered  with  Fucoids  profusely.  This  is  400  to  500 
feet  thick  in  Pennsylvania. 

The  middle  member  is  a  soft,  argillaceous,  brown  sandstone  and  red  shale ; 
thickest  (500  feet)  in  the  mountains  which  cross  the  Juniata  River. 

The  third  or  lower  member  is  a  hard,  greenish-grey,  massive  sandstone  (200 
to  400  feet  thick),  embracing  in  its  eastern  outcrop  (as  in  the  Kittatinny  and 
Shawangunk  Mountains)  thick  beds  of  siliceous  conglomerate,  made  up  chiefly 
of  the  wreck  of  previously -formed  and  disturbed  older  palaeozoic  rocks. 

The  upper  and  middle  members  constitute  the  Medina  Sandstone  of  New 
York. 
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that  is,  of  the  Waterlime-group.  In  Herkimer  and  Oneida  Counties 
this  conglomerate  is  closely  associated  with  the  Clinton  beds  which 
immediately  succeed  it ;  and,  being  there  of  coarse  materials,  they 
would  be  readily  confounded  in  one  group  with  the  conglomerate 
(Hall,  Pal.  ii.  1). 

It  is  to  be  remembered  that,  extensive  as  the  Oneida  Conglomerate 
is  on  the  Atlantic  side  of  North  America,  it  has  no  place  in  the  more 
remote  west. 

Place. — This  rock  is  in  very  great  mass  in  Oswego  County ;  and, 
occupying  all  the  interval  between  the  mouths  of  Oswego  and  Salmon 
Rivers,  dips  into  Lake  Ontario,  never  to  be  seen  more  to  the  west- 

ward. From  this  large  exposure  in  Oswego,  it  gradually  thins  off 
in  an  E.S.E.  direction,  and  disappears  under  other  rocks  a  little  east 
of  Utica. 

Passing  to  the  S.E.  and  S.  by  the  shores  of  the  Hudson  River, 
and  thence  into  New  Jersey,  Pennsylvania,  and  Virginia,  this  forma- 

tion becomes  very  powerful,  and  forms  distinct  topographical  features. 
As  examples  of  this,  we  may  instance  the  Shawangunk  Mountains  in 
the  south  part  of  New  York,  and  the  extension  of  the  same  range 
in  the  Blue  or  Kittaling  Mountain,  which  in  its  southerly  pro- 

longation crosses  the  River  Delaware  at  the  Delaware  Water-gap, 
and  thence  through  Pennsylvania  and  the  west  part  of  Maryland 
into  Virginia. 

But  the  northern  extension  of  this  conglomerate  from  the  frontiers 
of  New  York  is  perhaps  still  greater  than  the  southern ;  for  it  can 
be  traced,  with  very  few  intervals,  from  the  Valley  of  the  Hudson 
for  700  miles  in  a  north-eastern  direction  to  Gaspe,  with  a  varying 
but  considerable  breadth.  At  Gaspe,  the  Atlantic  stops  further 
search. 

Position. — This  varies  with  the  locality.  In  central  New  York 
there  is  perfect  conformableness  with  the  Silurian  strata  in  general, 
and  we  observe  a  slight  inclination  to  the  south  and  west.  More 
easterly,  and  nearer  the  seat  of  disturbance  and  metamorphism,  the 
group  becomes  highly  inclined  and  displaced,  like  the  surrounding 
strata.  Throughout  the  great  Canadian  continuation  the  dip  is 
high,  and  to  the  S.E.,  with  occasional  gentle  deviations.  On  the 
higher  parts  of  the  Shawangunk  Mountains  the  Oneida  Conglomerate 
has  been  thrust  up  horizontally  in  thick-bedded  cliffs,  the  flanking 
rocks  having  an  E.S.E.  dip  towards  the  Atlantic,  and  W.N.  W.  toward 
the  Mississipi.  In  a  paper  on  Plutonic  Action,  in  preparation,  this 
subject  is  further  treated. 

Thickness. — In  this  respect  we  have  great  differences.  In  the 
Shawangunk  Mountains  (which  range  from  the  New  Jersey  line, 

near  Carpenter's  Point,  to  Ellenville  and  Warwarsing  in  Ulster  Co.), 
the  maximum  is  under  500  feet ;  in  the  S.E,  part  of  New  York  it  is 

from  b*0  to  150  feet  (Mather,  p.  356)  ;  Prof.  Rogers  makes  it  about 200  feet. 

Fossils. — Very  few.  Only  perhaps  a  Brachiopod  and  a  few  Fu- 
coids  have  been  preserved. 
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Medina  Sandstone. 

Mineral  Character. — Medina  Sandstone  is  usually  a  red  or  varie- 
gated, or  grey  clayey  sandstone,  both  fine  and  coarse-grained ;  solid 

and  coherent  about  the  parallel  of  Lake  Cayuga,  but  becoming 
friable  and  marly  in  the  west,  with  an  intercalated  mass  of  grey 
quartzose  sandstone  which  contains  fossils.  This  sandstone  presents 
beautiful  examples  of  oblique  lamination,  as  at  Rochester,  Medina, 
and  elsewhere,  these  lines  being  in  some  places  more  strongly 
marked  than  those  of  the  stratification  (Hall,  p.  40). 

Where  best  developed,  as  at  Medina  (Hall,  Rep.  p.  34,  35),  it 

is  in  four  parts,  including  the  grey  band.     We  begin  from  above  : — 
1 .  Red  marl  and  nearly  a  shaly  sandstone,  with  green  spots  and 

bands, — the  bands  being  horizontal,  parallel  to  the  strata,  or  vertical. 
It  is  pebbly,  black  and  red  in  places  (Wolcott). 

2.  Grey  quartzose  sandstone,  entirely  distinct  from  the  mass 
below. 

3.  The  lower  part  of  this  is  a  mere  repetition  of  No.  1  (red  marl, 
&c),  gradually  becoming  more  sandy  west  of  Genesee  River,  while 
in  the  east  this  division  (No.  3)  is  more  siliceous,  the  central  mass 
(No.  2)  not  appearing. 

4.  The  grey  or  greenish- grey  terminal  portion  of  the  mass.  This 
is  a  variable  stratum,  argillaceous  shale,  argillaceous  or  siliceous 

sandstone  by  turns  (Shawangunk  Grit,,  the  "  grey  band  "  of  Eaton, 
and  the  Grey  Sandstone  spoken  of  just  before  Oneida  Conglomerate). 

There  are  brine-springs  in  this  group  throughout  New  York 
(Hall).  The  mineral  character  of  this  group  changes  gradually, 
but  greatly,  as  it  is  traced  from  east  to  west. 

Place. — Medina  Sandstone  has  not  been  recognised  east  of  Oneida 
County,  or  Little  Falls.  It  is  traced  from  thence  towards  Oswego, 
and  then  goes,  as  a  narrow  band,  along  the  south  shore  of  Lake 
Ontario  to  its  west  end,  which  it  wholly  embraces,  and  then  takes  a 

somewhat  sinuous  north-westerly  direction  to  Lake  Huron,  where, 
still  narrower,  it  runs  along  the  north  side  of  the  Manitouline  Islands, 
and  accompanies  in  its  proper  situation  the  other  Silurian  strata,  as 
they  sweep  from  the  south  shore  of  Lake  Superior,  down  the  west 
side  of  Lake  Michigan ;  a  total  course  of  1 100  miles. 

Medina  Sandstone  is  a  great  constant  in  this  basin.  We  have  only 
mentioned  its  northern  outcrop.  The  southern  extension  from  Oneida 

County,  our  starting-place,  in  a  somewhat  irregular  course  west  of  the 
Hudson  River,  and  east  of  (and  among)  the  Alleghanies,  is  750  miles 
long,  giving  thus  a  total  outcrop  of  1850  miles  east,  north,  and 
west.  On  the  south  it  is  buried  everywhere  under  newer  strata — 
under  the  Clinton,  about  Lake  Ontario.  M.  de  Verneuil  is  under  an 
excusable  error  in  stating  (Bullet.  Soc.  Geol.  France,  2  ser.vol.  iv.  p. 
668)  that  Medina  Sandstone  ceases  westward  within  the  State  of 
New  York. 

Position. — It  dips  slightly  to  the  south  and  west.  Further  to  the 
south,  and  beyond  this  State,  it  partakes  fully  of  the  irregularities  of  po- 

sition impressed  on  its  associate  strata  by  the  post-carboniferous  uplift. 
Transition. — Medina  Sandstone  rests  upon  the  Grey  Sandstone,  the 
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upper  terminal  of  the  Hudson-River-group  in  Oswego  County  (Hall, 
Rep.  p.  31).  The  two  intermingle,  until  the  Medina  group,  always 
distinguishable  by  its  red  colour,  is  gradually  substituted.  There 
is,  in  truth,  in  central  New  York,  a  slow  passage  from  the  Hudson- 
River-group  to  the  Medina, — a  fact  which  explains  the  escape  of 
certain  fossil  species  from  the  lower  to  the  upper  Silurian  stage  by  a 
lateral  propagation  of  life. 

Thickness. — I  have  few  materials  on  this  head.  At  Rochester, 
more  than  100  feet  are  exposed;  and  60-65  miles  west,  about 
Queenston,  the  thickness  may  be  350  feet  (Hall). 

Fossils. — This  group,  throughout  the  greater  part  of  its  thick- 
ness, is  almost  devoid  of  fossils.  Towards  the  top  of  the  mass  (in 

grey  quartzose  sandstone  No.  2),  where  it  is  more  arenaceous,  in 
several  places  (Oswego,  Rochester,  Medina,  Lockport,  especially)  it 
contains  many  fossils,  though  comprehending  few  species.  Between 
this  point  in  Medina  Sandstone,  where  fossils  appear,  and  the  point 
in  the  Hudson-River-group  where  similar  fossils  are  found,  there  is 
a  thickness,  in  some  parts,  of  1000  feet  where  no  well-defined  forms 
are  known  to  exist.  Thus,  the  grey  sandstone  ending  the  Hudson- 
River-group,  the  Oneida  Conglomerate,  and  the  lower  part  of  the 
Medina  Sandstone,  separate  the  fossiliferous  portion  of  the  Hudson- 
River-group  from  the  point  with  new  organisms,  where  we  are  now, 
by  a  great  thickness  of  barren  strata.  It  is  true  that  in  the  east 
part  of  the  State  these  groups  approach  each  other  within  100  feet 
by  thinning ;  but  there  also  is  no  life. 

The  fossiliferous  portion  of  the  Medina  Sandstone  (the  upper)  is 
not  thick ;  but  at  the  west  frontier  of  the  State  it  attains  a  thick- 

ness of  100  feet. 

Medina  Sandstone  only  receives  four  forms  of  life  from  previously- 
existing  strata ;  and  it  transmits  two,  perhaps  only  one. 

The  Tables  II.  &  IV.  show  the  number  of  species  and  the  kinds  of 

animal  life  which  escape  into  and  through  the  disturbed  transition- 
period  and  past  the  Oneida  Conglomerate.  Most  of  them  are  recur  - 
rents,  and  some  travel  great  distances. 

Fossils  typical. — These  are  seventeen  in  number,  and  comprehend 
neither  Zoophyte,  Bryozoan,  Echinoderm,  nor  Trilobite. 

Fossils  occurrent  in  Europe. — Cytherina  cylindrical  only. 
Fossils  recurrent  in  New  York — Bucania  trilobata  and  Calymene 

JBlumenbachii. 

The  peculiar  marine  plants  of  this  sandstone  are  a  marked  feature 
(Hall,  Pal.  ii.) .  They  extend  into  the  Clinton  group,  and  are  seen 
nowhere  else.  This  observation  applies  equally  to  New  York,  Penn- 

sylvania, and  Virginia.  A  belief,  however,  is  gradually  arising  that 
many  of  these  supposed  plants  are  in  reality  Annelida. 

Clinton  Group. 

Mineral  Character. — The  lower  part  of  this  set  of  strata  has 
been  well  named  the  Protean  Group.      It  consists  of  alternating 

*  Leperditia  cylindrica,  Hall  sp.,  Jones,  Annals  &  Mag.  Nat.  Hist.  3rd  ser. 
vol.  i.  p.  253. 
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shales,  sandstones,  and  conglomerates  (counties  of  Herkimer,  Stark, 

&c).  The  shales  are  the  most  persistent,  being  present  everywhere, 
east  and  west.     The  last  is  crowned  with  a  top  layer  of  limestone. 

The  above  statement  being  true  in  the  general,  still  this  group  is 
continually  varying.  Its  extremities,  eastern  and  western,  within  the 
limits  of  New  York,  scarcely  show  a  detail  in  common,  mineral  or 
fossil  (Hall,  Pal.  ii.).  The  easiest  way,  therefore,  of  communicating 

an  idea  of  the  true  nature  of  this  group  will  be  by  a  series  of  sec- 
tions,— the  first  exhibiting  the  Clinton  in  its  most  complete  form, 

and  the  others  its  diversities  from  east  to  west. 

Section  I. 

Above  the  Lower  Falls  of  the  Genessee.     (In  ascending  order.) 

1.  Green  shale,  resting  on  the  grey  band  of  the  Medina  Sandstone. 
2.  Oolitic  iron-ore,  with  concretions,  bits  of  shells,  corals,  &c. 
3.  Pentamerus-limestone,  with  sandy  layers  or  chert. 
4.  Green  shale,  paler  than  No.  1,  with  bands  of  limestone  {Atrypa  herni- 

sphcerica  and  Graptolites). 
5.  A  second  iron- ore  bed. 
6.  Limestone  similar  to  the  more  calcareous  parts  of  No.  3.     (Crinoidea.) 

Section  II. 

James  Hall's  most  easterly  section  is  from  the  town  of  Canojoharie,  Montgo- 
mery County,  beyond  the  eastern  limits  of  the  Medina  Sandstone  and  of  the 

Niagara  group. 
It  is  as  follows  (from  above)  : — 

1.  Drab-coloured  layers  of  the  Onondaga-Salt-group. 
r2.  Coarse  red  sandstone,  with  pebbles,  and  containing  much  iron- 

ore. 
3.  A  space  occupied  by  shales. 
4.  Greyish  sandstone,  conglomeratic  below ;  darker  coloured  and 
^  laminated  above. 
5.  Oneida  Conglomerate. 
7.  Shales  of  the  Hudson-River-group. 

Section  III. 

At  Vanhornville.     (From  above.) 

1.  Onondaga-Salt  group. 
f  2.  Red,  coarsely-laminated,  friable  sandstone,  with  much  iron-ore, 

and  not  in  distinct  beds. 
3.  Green  shale,  with  fossils. 
4.  Red,  diagonally  laminated  sandstone. 
5.  Greyish  sandstone  and  conglomerate,  with  thin  layers  of  green 

^  shale. 6.  Oneida  Conglomerate. 
7.  Shales  and  sandstones  of  the  Hudson-River-group. 

Section  IV. 

In  Stark  Township,  Montgomery  County.     (From  above.) 

1.  Onondaga-Salt  group. 
2.  Quartzose  sandstone  and  conglomerate,  forming  the  top  of  the  Clinton 

group. 
3.  Thin-bedded  sandstones,  with  fucoids,  alternating  with  green  shale. 
4.  Red  sandstone,  diagonally  laminated. 
5.  White  sandstone  with  pebbles,  and  green  shale. 
6.  Oneida  Conglomerate. 
7.  Shales  of  the  Hudson-River-group. 
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Section  V. 

Three  miles  south  of  Utica.  It  commences  below  the  quartzose  sandstone  No.  2 
of  the  last  section  (not  seen  here),  and  consequently  is  60  to  100  feet  below 
the  top  of  the  group. 

f  1.  Hard  siliceous  and  silico-calcareous  layers  alternating;  with  much  Feet, 
marine  vegetation        15 

2.  A  slope,  probably  shaly       20 
3.  Shales  and  shaly  sandstones,  with  Buthotrephis,  Beyrichia,  &c, 

and  iron  beds   
4.  Upper  portion  shaly,  and  the  lower  part  of  thin-bedded  sand- 

stones with  wave-lines  and  ripple-marks ;  Beyrichia,  Nucula, 
marine  plants       15 

5.  A  slope,  probably  shales        25 
6.  Alternating  layers  of  shaly  sandstones,  sandstone,  and  conglome- 

rate with  shale        28 
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7.  Oneida  Conglomerate. 

We  see,  then,  that  in  the  eastern  and  central  parts  of  New  York, 
the  Clinton  group  is  capped  by  a  thick  mass  of  sandstone,  red  or 
grey,  accompanied  by  green  shale  ;  and  that,  among  many  minor 
changes,  as  we  travel  westward,  limestone  in  single  or  more  layers, 
a  few  feet  thick,  gradually  creeps  in  from  near  Lockport,  which 
are  in  two  bands  at  Rochester,  thicken  greatly  at  Medina,  and  at 
Lewiston  constitute  almost  the  whole  group. 

The  Clinton  group  in  the  centre  of  New  York  is  a  powerful  and 
ever-varying  formation.  Its  analogies  there  are  chiefly  with  the 
Medina  Sandstone  ;  but  in  its  western  extension  the  Clinton  group 
assimilates  to  the  Niagara  group,  becoming  in  mineral  and  fossil 
aspects  truly  Wenlock,  and  quite  distinct  from  itself  in  Oneida 

County*. 

Vanuxem,  in  his  Report,  p.  83,  gives  some  account  of  the  ore-beds 
at  Sodus ;  and  which  are  characteristic  of  this  group  as  far  west  as 
the  Genesee  River  (Hall,  Pal.  ii.  15).  He  calls  them  beds  of  lenti- 

cular clay-iron-ore  (like  the  fossiliferous  iron-ore  of  Pennsylvania), 

*  Professor  H.  D.  Rogers  defines  the  Clinton  group,  as  it  occurs  in  Pennsyl- 
vania, in  the  following  terms : — 

It  consists  of  three  parts. 
1.  The  upper ;  variegated  red  marls  or  calcareous  shales. 
2.  The  middle ;  an  alternation  of  shales  and  argillaceous  and  fossiliferous 

limestones  and  calcareous  sandstones,  with  one  or  two  remarkable  seams  of  fos- 
siliferous iron- ore. 

3.  The  lower  group,  consisting  of  greenish  and  yellowish  fissile  slates,  wea- 
thering olive-  and  claret-coloured,  including  in  their  central  parts  beds  of  red,  very 

ponderous,  ferruginous  sandstone,  usually  containing  two  or  three  thin  layers, 
rich  enough  in  peroxide  of  iron  to  be  available  as  an  iron-ore. 

The  Professor  goes  on  truly  to  say  that  the  northern  outcrop  of  Clinton,  in 
ranging  towards  the  west,  displays  what  many  other  formations  exhibit — a  gradual 
change  from  a  shore  to  a  mid-sea  type, — the  shales  and  sandstones  becoming  gra- 

dually less  in  volume,  and  the  limestone  relatively  augmenting.  A  bed  of  lime- 
stone and  another  of  calcareous  shale  are  all  that  represent  it  on  the  Niagara 

River ;  and  in  Wisconsin  it  is  composed  of  little  more  than  a  thin  stratum  of 
fossiliferous  limestone,  which  is  there  in  contact  with  the  Niagara  Limestone,  and 
with  which  it  has  been  confounded. 
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and  says  that  they  lie  in  the  red  laminated  sandstone,  separated  from 
the  Oneida  Conglomerate  only  hy  some  shale  and  white  sandstone 
with  pebbles. 

There  are  two  ore-beds,  20  feet  apart,  and  each  12  to  15  inches 
thick.  The  ore  in  all  its  localities  is  red  or  brownish-red,  very  hard, 
invariably  oolitic,  or  in  larger-sized  concretions, — the  oolitic  particles 
being  more  abundant  in  the  lower  bed,  the  other  in  the  upper. 

In  the  "fourth  geological  district"  they  are  separated  by  the  calca- 
reous shale,  which  contains  the  Pentamerus  dblongus  abundantly. 

This  fossil,  however,  is  rare  in  the  east  of  New  York  (Vanuxem's 
third  district),  but  is  constant,  from  its  first  appearance  in  the  east, 
as  far  west  as  beyond  Monro  County. 

Transition. — Everywhere  in  the  eastern  and  central  parts  of  the 
State  this  group  rests  upon  Oneida  Conglomerate ;  for  there  is  no 
Medina  Sandstone  in  those  districts.  We  have  a  good  superposition 
east  of  Saltspringville,  where  we  have,  in  succession  from  below — 1 . 
Frankfort  Slates;  2.  Oneida  Conglomerate;  and  3.  The  Clinton  group. 
(Hall). 

Further  west,  however,  this  group  rests  upon  Medina  Sandstone, 
as  the  sections  given  above  make  manifest, — the  change  being  from 
quartz  to  clay,  and  apparently  abrupt. 

Thickness. — It  is  thickest  in  the  centre  of  the  State ;  but  how 
thick  exactly,  I  have  not  learnt.  At  Canojoharie  it  is  only  50  feet 
thick  ;  near  Utica  it  exceeds  1 00  feet. 

Position. — Being  usually  remote  from  causes  of  disturbance,  the 
dip  of  this  group  follows  that  of  the  adjacent  strata,  and  is  almost 
horizontal,  any  inclination  being  toward  the  west  and  south. 

Fossils. — A  great  outburst  takes  place  in  this  group,  of  both 
animal  and  vegetable  life  ;  and  this  certainly  from  the  great  variety 
of  mineral  habitats  which  it  presents.  In  the  east,  in  the  centre  of 
the  State,  and  on  its  western  frontiers,  invertebrate  existence  differs 
almost  altogether. 

One  hundred  and  thirty-one  new  existences  appear.  These  arise 
chiefly  among  the  Plantae,  Zoophyta,  Bryozoa,  Brachiopoda,  and 
Cephalopoda.  It  receives  only  10  forms  from  the  older  strata,  as 
may  be  seen  in  the  Table  of  Escaped  Fossils  (IV.).  It  transmits  28 
to  the  newer  strata,  8  of  these  being  Brachiopoda. 

In  the  west  the  Clinton  group  loses  many  of  its  own  characteristic 
fossils,  and  becomes  charged  with  the  Wenlock  types  of  the  Niagara 
group, — the  limits  of  the  two  not  being  always  very  readily  dis- 

cernible. We  have,  nevertheless,  a  good  guide  as  to  the  real  birth- 
place of  the  fossils  which  hover  about  the  limits  of  these  two  important 

and  closely-connected  groups,  in  the  fact,  that  on  the  Clinton  side  of 
the  probable  limit  the  Clinton  fossils  are  well-formed,  while  those 
of  Niagara  are  ill-developed  (Hall). 

Tracks  of  molluscs,  crustaceans,  and  other  animals  are  common 

in  this  group,  but  they  will  be  spoken  of  more  conveniently  after- 
wards. 

The  sandstones  of  the  Clinton  give  us  13  typical  species  of  plants 
in  Eastern  and  Central  New  York  especially.     Scarcely  one  is  seen 
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further  west  than  the  eastern  border  of  Wayne  County  (Hall, 
Pal.  ii.  11).     James  Hall  hesitates  to  consider  them  all  Fucoids. 

The  absence  of  coral  in  the  east  of  this  group  is  to  be  ascribed 
to  the  nature  of  the  sediment,  and  perhaps  to  agitation  in  the  waters 
that  deposited  it. 

Individual  zoophytes  abound  in  places,  as  from  Wayne  County 
to  the  head  of  Lake  Ontario  ;  and  they  resemble  those  of  the  Niagara 
period.  Here  we  find  for  the  first  time  the  Catenipora  escharoides 
(Halysites  catenulatus),  a  world-wide  fossil,  together  with  the 
Bryozoa  Trematopora  tubulosa  and  Retepora  Clintoni  (in  iron-ore, 
Vanuxem),  and  the  new  and  beautiful  Graptolites  clintonensis  and 
G.  venosus.  The  Crinoids  of  this  group  are  only  in  moderate  num- 

ber. In  its  lower  portions  they  are  very  rare,  especially  in  Eastern 
and  Central  New  York,  with  the  exception  of  some  peculiar  ring-like 
bodies  in  the  ore-beds  of  Herkimer  County ;  but,  after  passing  to 
the  west  of  the  Genesee  River,  the  upper  limestone  is  often  wholly 
composed  of  comminuted  Crinoids  (Hall,  Pal.  ii.  52). 

The  eight  species  of  Crinoids  are,  with  one  exception,  of  types 
distinct  from  those  of  the  Lower  Silurian  stage,  and  resemble  more 
those  of  the  Upper  Silurian.  It  is  only  the  species  of  the  Upper 
Limestone  that  are  Wenlock ;  those  below  are  distinct. 

Forty-three  new  Brachiopoda  are  here  introduced,  viz.  five  Lingulce, 
seven  Leptcence,  five  Orthides,  three  Spiriferi,  eighteen  Atrypce,  and 
three  Pentameri.  Individual  Orthides  are  few,  and  the  species  are 
fewer  than  in  the  lower  stage. 

Only  three  Brachiopoda  are  derived  from  older  centres  of  life,  and 
nine  are  transmitted  onwards.  Although  very  plentiful  in  the  west, 
Brachiopoda  are  rare  east  of  Wayne  County,  where  the  habitats  are 
less  suitable. 

The  species  most  numerous  in  individuals  are  the  little  Atrypa 
hemisphcerica  and  the  A.  congesta ;  both  of  short  vertical  range. 

The  Atrypce  are  more  numerous  now  than  the  Leptence  or  Orthides, 
and  contrast  in  this  respect  with  them  strongly.  Types  come  in 
eminently  significant  of  the  middle  or  transition  stage,  or  which  assi- 

milate with  Upper  Silurian  species.  In  Atrypa  we  have  the  intro- 
duction of  the  smooth,  round,  or  sub-cylindrical  forms,  which  scarcely 

occurred  in  Lower  Silurian. 

As  we  see  from  the  Table  No.  IV.,  several  Brachiopoda  from  the 
Hudson-River-group  come  up  here.  It  was  once  thought  that  no 
lower-stage  form  had  survived  the  Oneida  Conglomerate. 

In  the  Leptsenoid  type  this  group  is  the  lowest  point  at  which 
the  Strophodonta  depressa,  Atrypa  affinis,  and  the  remarkable  form 
Chonetes  cornuta  are  seen.  The  first,  with  the  crenulated  hinge- 
line,  reappears  in  the  Coralline  limestone  of  Schoharie. 

Lastly,  we  have  the  genus  Pentamerus,  unknown  below,  and  mark- 
ing the  middle  stage.  There  are  six  forms,  if  not  eight  (Hall),  between 

the  Clinton  group  and  the  Onondaga  Limestone  (Devonian)  inclu- 
sive, and  not  seen  higher  or  lower.  In  New  York,  it  is  usually  in 

casts.  Of  the  Monomyaria  and  Dimyaria,  only  five  of  the  former 
have  been  met  with.     Far  from  conspicuous,  even  these  are  rare 
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(Hall,  Pal.  ii.  83)  ;  there  is  not  one  of  either  west  of  Rochester : 
the  shales  below  the  iron-ore  bed  on  the  east  side  of  Wolcott  have 
chiefly  furnished  them,  while  one  or  two  species  are  common  further 
east  in  the  non- calcareous  strata.  More  may  be  expected,  and  would 
probably  have  been  found,  but  from  the  low  and  marshy  nature  of  the 
country  thereabouts.  Perhaps  Tellinomya  machceriformis  is  the  most 
plentiful  bivalve  in  the  group. 

Trilobites  are  not  prominent,  and  in  many  places  are  wanting. 
Nine  new  ones,  nevertheless,  appear  in  the  west,  under  Wenlock 
influences  ;  two  have  been  derived,  and  four  transmitted,  leaving  six 
to  remain  typical.  These  are  mostly  verv  unlike  each  other  (Hall, 
Pal.  ii.  296). 

We  rarely  find  entire  trilobites  east  of  the  Genesee  River.  From 

this  line  westward  to  Lockport  there  is  a  constantly-increasing  num- 
ber of  individuals,  and  a  greater  perfection  in  the  specimens  obtained. 

From  this  circumstance,  and  from  the  fact  that  in  the  west  part  of 
the  State  crinoids  flourished  in  great  numbers  at  the  same  time,  we 
may  infer  that  many  of  the  fragments  (mostly  bucklers  and  caudal 
shields  of  trilobites)  found  in  the  thinning  eastern  extension  of  the 
shale  have  been  drifted  from  localities  further  west. 

Of  the  Gasteropoda  eight  are  original,  one  received,  two  trans- 
mitted, and  seven  are  left  typical  (see  Table  No.  II.).  The  Gastero- 

poda are  confined  to  that  part  of  the  Clinton  group  (Hall,  Pal.  ii. 
83),  which  is  east  of  Genesee  River ;  and  many  of  them  occur  as 
casts  in  ferruginous  shaly  sandstone. 

Evidently  physical  conditions  have  here  had  much  to  do  with  the 
number  and  kind  of  Cephalopoda.  Eleven  are  original,  two  received, 

three  transmitted,  and  eight  are  typical, — here  repeating  the  lesson 
often  presented  by  the  comparative  incapacity  of  groups  of  sediments, 

or  successive  sea-beds,  to  receive  and  nourish  each  other's  population ; 
and  this  partly  perhaps  because  in  New  York  the  floras  of  the  feeding- 
grounds  are  respectively  restricted  always  to  a  single  group. 

Some  interesting  Cephalopoda  are  nearly  confined  to  the  lower 
part  of  the  Clinton  group. 

The  most  remarkable  genus  is  the  Ormoceras,  of  which  a  single 
species,  O.  vertebratum,  occurs  in  great  numbers  in  Chazy  Lime- 

stone :  it  is  rare  in  Trenton  Limestone,  appears  again  in  the  Hudson- 
River-group,  and  then  lastly  in  the  Clinton,  having  been  formerly 
thought  typical  of  the  lower  stage.  It  doubtless  owed  its  strong 
viability  to  its  free  powers  of  locomotion. 

Fossils  occurrent  in  Europe. — Fucoides  gracilis ;  Cornulites  serpularius ; 
Halysites  catenulatus ;  Favosites  gothlandica ;  Fenestella  prisca ;  Glyptaster 
brachiatus ;  Atrypa  hemisphaerica ;  A.  reticularis ;  Leptaena  corrugata ;  L. 
depressa;  L.  sericea;  Pentamerus  oblongus;  Spirifer  lynx;  S.  radiatus; 
Beyrichia  lata;  Calymene  Blumenbachii ;  C.  punctata;  Phacops  sphae- 
rexochus  (18). 

Fossils  recurrent  in  New  York. — Halysites  catenulatus ;  Rhinopora  ver- 
rucosa ;  Trematopora  tubulosa ;  Caryocrinites  ornatus ;  Glyptaster  brachia- 

tus ;  Hypanthocrinus  decorus ;  Leptaena  crenistria  (Devonian  also) ;  L. 
depressa  ;  L.  obscura;  Orthis  elegantula;  Spirifer  radiatus  ;  Atrypa  ema- 
cerata  (Devonian  also);  A.  neglecta;  A.  reticularis;  Avicula  emacerata; 
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A.  rhomboidea ;  Posidonia  (?)  alata ;  Orthonota  curta ;  Acroculia  angulata ; 
Platyostoma,  n.  s. ;  Orthoceras  annulatum ;  O.  virgulatum ;  Comulites 
serpularius ;  Beyrichia  lata ;  Calymene  Blumenbachii ;  Homalonotus  del- 
phinocephalus ;  Ceraurus  (?)  insignis ;  Phacops  limulurus. 

Of  these  28  recurrents,  2 1  reappear  but  once,  and  mostly  in  the 
Niagara  period ;   1  twice ;  and  the  rest  more  frequently. 

The  curious  little  crustacean  Beyrichia  lata  is  in  the  Clinton, 
Waterlime,  and  Pentamerus-limestone  groups. 

The  Niagara  Group. 

Mineral  Character. — This  group  commences  as  a  dark  shale  or 
slate,  and  passes  vertically  into  a  dark-blue  or  black  limestone,  by 
a  gradual  increase  of  calcareous  matter.  When  the  limestone  is  in 
small  quantity,  it  is  in  the  form  of  hemispherical  concretions,  made 
up  of  successive  concentric  coats.  It  is  further  remarkable  for  nume- 

rous cavities  lined  with  pink  calc-spar,  sulphate  of  strontian,  selenite, 
fluor-spar,  blende,  or  iron-pyrites.  They  are  from  a  very  small  size 
to  the  diameter  of  two  or  three  feet,  and  were  originally  occupied 
by  fossils  afterwards  removed  (Hall,  Pal.  ii.  3).  On  the  whole,  the 
limestone  is  as  thick  as,  or  thicker  than  the  shale,  which,  though  very 
thin  in  the  west  and  far-west,  accompanies  the  limestone  everywhere. 

This  argillaceous  limestone  (not  always  so)  is  the  chief  or  central 
mass  of  Upper  Silurian  Limestone  of  Middle  North  America.  Many 
hundred  miles  west  of  the  State  of  New  York  We  find  the  Niagara 
group  just  as  it  is  here,  mineralogically  and  palseontologically.  At 
the  western  end  of  the  Manitouline  Islands,  in  Lake  Huron  (halfway 
west),  the  Niagara  Limestone  is  in  great  force,  but  it  has  become 
white,  hard,  and  siliceous.  Indeed,  it  may  be  truly  said  that  in  the 
west  this  group  becomes  massive  limestone,  and  contains  part  of  the 
lead-ores  of  Iowa,  Illinois,  and  Wisconsin  (Hall,  Pal.  ii.  107). 

Transition.— In  New  York,  the  terminal  or  upper  limestone  of  the 
Clinton  group  is  succeeded  by  soft  argillo-calcareous  shale,  80  to  100 
feet  thick  (Hall,  Pal.  ii.  3),  and  this  gradually,  both  as  to  fossil 
and  mineral  character.  In  the  lower  parts  of  this  shale,  small  ill- 
formed  fossils,  not  Clintonian,  abound.  At  Verona  (easterly)  the 
Niagara  Limestone  and  Shale,  much  thinned,  may  be  advantageously 
seen,  resting  on  the  Clinton  group ;  sections  exhibiting  all  this  are 
innumerable. 

In  Wisconsin  and  other  western  regions  the  assimilation  between 
the  Clinton  and  Niagara  groups  is  so  perfect  that  their  fossils  are 
commingled,  and  they  are  themselves  not  to  be  distinguished. 

Place. — The  Niagara  is  one  of  the  great  "constant"  groups,  and 
always  participates  in  their  vast  extensions. 

In  New  York  it  stretches  westerly  across  the  State  from  Roudout 
on  the  Hudson  River,  and  on  the  River  Niagara  passes  into  Canada. 
In  its  long  course  it  lies  between  the  Clinton  and  Onondaga- Salt 
groups, — visible  as  a  belt  which,  at  first  narrow,  gradually  widens,  but 
never  in  New  York  exceeding  a  few  miles  in  breadth. 

The  Niagara  group  in  its  two  portions,  massive  and  shaly,  is  best 
seen  in  New  York  at  Rochester,  Lockport,  and  Niagara ;  but,  although 
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so  powerful  and  well-marked  in  those  localities,  and  even  further  east 
in  Wayne  County,  it  thins  off  rapidly  east,  and  appears  there  quite 
subordinate  to  the  Clinton,  and  almost  destitute  of  its  proper  fossils. 
In  Oneida  County  this  group  is  in  some  places  a  mere  thin  sheet  of 
shale  with  some  beds  of  concretionary  limestone,  and  so  is  scarcely 
separable  from  the  Clinton  beneath. 

In  the  parallel  of  Little  Falls  the  Niagara  group  goes  no  further  east. 
As  before  hinted,  impoverished  and  slender  as  the  Niagara  has 

thus  become  even  in  the  central  part  of  New  York,  its  place  is  still 
marked  by  a  thin  band  of  limestone,  even  as  far  east  as  the  base  of 
the  Helderberg  Mountains  at  Schoharie,  and  upon  the  Hudson  River 
at  Roudout.  This  is  the  Coralline  Limestone  of  Schoharie  (4  feet 
thick),  to  be  spoken  of  afterwards.  Near  Schoharie  (Hall,  Pal.  ii.  3) 
even  this  thins  out  as  well  as  the  Clinton  and  Onandago-salt  groups, 
leaving  the  Hudson-River  and  Waterlime  groups  to  come  into  actual 
contact  (De  Verneuil,  Bullet.  Soc.  Geol.  France,  2  ser.  torn.  iv.  p. 
655). 

From  the  centre  of  the  State,  westward,  the  Niagara  group,  on 
the  contrary,  increases  in  magnitude.  At  Lockport  and  on  the  river 
Niagara  it  is  200  to  250  feet  thick. 

Near  the  west  end  of  Lake  Erie  (Hall,  Sill.  J.  xlii.  53),  Niagara 

limestone  appears  above  the  surface  of  the  water,  from  a  subter- 
ranean uplift.  It  then,  in  a  S.S.W.  direction,  forms  part  of  the 

Cincinnati  dome  or  axis  along  the  borders  of  Ohio  and  Indiana. 
In  the  central  and  western  parts  of  Ohio  the  Niagara  Limestone 

forms  a  most  important  rock,  and  is  called  the  "  Cliff  Limestone  " 
by  Professor  Locke.  "  We  have,  therefore,  in  these  regions,"  says 
James  Hall,  "  this  condition  of  things  :  the  Niagara  limestone,  which 
commences  small  in  the  east  part  of  New  York,  has  acquired  great 
thickness,  and  has  become  the  most  prominent  limestone,  the  Lower 

Helderberg  and  Onondaga-salt  groups  having  all  but  thinned  out," 
Throughout  this  great  extent  of  country  (including  North  Illinois, 

Wisconsin,  and  Iowa),  and  for  many  miles  west  of  the  Mississipi,  the 
upper  beds  of  the  true  Niagara  Limestone  are  characterized  by, 
among  other  things,  Halysites  catenulatus,  and  often  by  a  Retepora, 
— the  former  distinctive  of  Upper  Niagara  in  Western  New  York. 

The  Niagara  group  is  scarcely  seen  in  Pennsylvania. 
Position. — In  New  York  this  is  horizontal  to  common  observation  ; 

but  there  is  a  slight  inclination  to  the  south-west,  with  gentle  undu- 
lations. 

From  Scanandea  to  Verona  (New  York)  the  Niagara  group  is 
lifted  up  and  fractured  (Vanux.  p.  92).  At  Cincinnati  on  the 
Ohio,  and  for  some  hundred  miles  S.S.W.  and  N.N.E.,  this  group, 
in  like  manner  with  others,  suffers  a  prolonged,  low,  broad  uplift, 
both  with  and  without  rupture. 

Thickness. — It  is  four  feet  thick  on  the  Hudson  River,  and  even  in 
the  centre  of  the  State  the  limestone  portion  is  only  a  few  feet  more 
in  thickness ;  but  it  enlarges  westward  to  250  feet  at  Niagara,  and 
to  1000  feet  about  the  River  Mississipi,  in  the  Illinois,  &c.  (Hall, 
Sill.  Journ.  xlv.  158). 
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Fossils. — A  vast  concourse  of  Invertebrates,  numbering  180  species 
in  New  York,  peoples  the  Niagara  group.  Among  these,  156  new 
species  make  their  appearance  :  the  orders  Monomyaria,  Dimyaria, 
and  Gasteropoda  are  comparatively  weak. 

Seven  lower  Silurian  species  are  found  surviving  here : — 
Stromatopora  concentrica,  Phacops  limulurus, 
Trematopora  tubulosa,  Bumastus  barriensis, 
Glyptaster  brachiatus,  Calymene  punctata, 

Platyuotus  trentcmensis. 

The  other  seventeen  received  fossils  are  from  its  immediate  pre- 
decessor, and  commonly  from  the  calcareous  capping. 

The  Niagara  Group  transmits  but  eleven  fossils — four  Zoophyta 
and  seven  Brachiopoda  only, — every  group  being  the  scene  of  renewed 
creations  and  renewed  destruction. 

A  thick  bed  of  Niagara  Limestone  near  the  bottom  is  almost  alto- 
gether made  up  of  crinoid-joints,  with  some  bits  of  zoophytes  and 

shells, — the  higher  parts  of  this  low-lying  limestone  becoming  little 
else  than  zoophytes  partly  dissolved,  and  with  an  occasional  mineral 
druse.     The  fossils  in  the  shale  below  are  less  injured  than  here. 

The  Crinoidea  and  Cystidea  develope  together,  both  being  more 
numerous  in  this  limestone  than  either  before  or  after. 

From  the  Onondaga-Salt  group  to  that  of  the  Devonian  Chemung 
there  are  not  one  half  as  many  species  as  in  the  Niagara  group  alone. 
Thus  it  is  in  Europe ;  and  with  zoophytes  also. 

The  variety  in  form,  appendages,  and  ornamentation  of  Crinoidea  is 
much  greater  in  the  upper  than  in  the  lower  stage.  They  are  confined 
in  the  Clinton  and  Niagara  to  a  small  thickness  of  strata ;  but  they 
are  twice  as  many  as  in  the  lower  stage,  and  the  proportion  increases 
upwards.  They  were  gregarious,  and  are  now  chiefly  found  about 
Lockport. 

A  large  part  of  the  Lower  Silurian  corals  are  even  of  different 
genera  from  those  of  the  upper  stage. 

The  Brachiopoda  are  numerous  both  in  species  and  individuals. 
Lingula  (1),  Leptcena  (5),  and  Orthis  (7)  are  fewer,  while  Atrypa 
and  Spirifer  have  become  more  plentiful.  Of  the  six  species  of 
Monomyaria,  only  one,  Avicula  emacerata,  is  common. 

Of  the  five  Gasteropoda,  Acroculia  (Capulus)  niagarensis  first 
appears  here. 

The  Cephalopoda  are  few  in  the  higher  parts  of  the  Niagara  group, 
but  abound  in  the  lower. 

The  Crustacea  are  very  important.  They  characterize  the  lower 
shaly  beds  all  over  New  York  ;  but  further  westward,  limestone,  as 
we  know,  predominates,  with  the  effect  of  diminishing  the  number 
of  trilobites  very  much,  and  of  proportionately  increasing  that  of 
zoophyta.  The  twelve  trilobites  belong  to  ten  genera, — a  fact  sug- 

gesting that  many  species  yet  remain  to  be  discovered. 
There  is  not  a  single  species  of  the  genus  Cyathophyllum  below 

the  Onondaga  Limestone,  although  representatives  of  this  type  came 
into  existence  at  very  early  periods  ;  still  no  Cyathophyllum  ceratites 
of  Goldfuss  is  known  in  the  Silurian  of  America,  or  it  is  limited  to 



362 PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

the  rocks  below  the  Oriskany  Sandstone  (Hall).  Although  in  the 
Niagara  of  America  (= Wenlock)  we  have  the  family  Cyathophyl- 
lidse  represented  by  Streptelesma  caninia  and  three  new  genera 
here  introduced,  we  have  no  true  Cyathophyllum,  nor  have  we  Cysti- 
phyllum  nor  Heliophyllum  at  the  same  period  (Hall,  Pal.  ii.). 

Fossils  typical. — The  number  of  fossils  peculiar  to  this  group  is 
very  great ;  in  part  because  they  belonged  principally  to  animals  not 
migratory,  and  often  fixed  to  a  rocky  bottom,  such  as  the  Echino- 
dermata,  Zoophyta,  Bryozoa,  and  others. 

All  the  Bryozoa  are  typical  except  two ;  so  are  thirty-two  Zoophyta 
out  of  thirty-seven ;  and  twenty-five  out  of  twenty-six  Echinoderms. 
So  also  are  all  the  Crustacea ;  and,  save  one,  all  the  Cephalopoda. 

This  remarkable  independence  of  other  groups  as  to  animal  life 
must  have  arisen  from  certain  conditions  of  matrix,  depth,  and  tem- 

perature, which  in  the  New  York  basin  underwent  a  violent  and 
sudden  change  by  the  advent  of  the  variable  sands  of  the  Onondaga- 
Salt  group,  often  charged  with  muriatic  and  sulphuric  acids. 

Fossils  occurrent  in  Europe. — Sir  R.  Murchison  states  that  this 
group  contains  more  European  fossils  than  all  Lower  Siluria. 

Forty- seven  European  fossils  occur  in  the  Niagara  group  alone. 
Of  these,  one  (France)  is  Lower  Silurian ;  one  Mid-Silurian  (Upper 
Caradoc) ;  six  belong  to  Wenlock  Shale ;  twenty-one  to  Wenlock 
Limestone ;  three  to  the  Devonian  series  :  of  fourteen,  the  exact  place 
I  cannot  ascertain,  but  most  of  them  wear  the  Wenlock  facies.  They 
must  be  Upper  Silurian,  together  with  one  or  two  more  not  men- 

tioned.  (See  Table  V.) 
Forty-seven  European  fossils  out  of  180  (just  one  quarter)  is  a 

great  number,  and  especially  when  we  consider  that  ninety-six  of  these 
New  York  fossils  are  new  species,  unknown  elsewhere.  Twenty-nine 
are  Brachiopoda. 

This  state  of  palaeozoic  life,  combined  with  a  close  agreement  in 
lithology,  almost  identifies  the  Niagara  group  with  the  Wenlock  of 
England  and  Sweden. 

Fossils  recurrent  in  New  York. — This  group  possesses  thirty-eight 
recurrents,  the  life-links  which  connect  it  with  the  other  parts  of  the 
system.  Of  these,  nineteen  come  only  from  the  Clinton  ;  six  from 
the  lower  Silurian ;  seven  originate  in  the  Niagara  and  pass  upwards  ; 
and  only  four  use  it  as  a  passage  into  the  newer  deposits.  These  are 
Catenipora  escharoides,  Stromatopora  concentrica,  Leptcena  depressa 
and  Atrypa  reticularis.    (See  Table  IX.  in  Appendix). 

Coralline  Limestone  of  Schoharie. 

Mineral  Character. — This  is  in  reality  a  mere  continuation  of  the 
Niagara  group  of  the  western  limits  of  New  York.  See  above,  p.  360. 
It  scarcely  required  separation. 

It  is  a  dark  limestone,  with  a  varying  proportion  of  argillaceous 
matter,  and  received  its  name  from  the  immense  number  of  corals 

(chiefly  Favosites)  it  contains. 
Transition. — This  takes  place  gradually,  both  vertically  and  hori- 

zontally. 
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Place. — It  is  only  known  in  the  east  of  the  State,  and  has  been 
most  carefully  examined  by  Messrs.  Gebhard,  of  Schoharie.  It 
extends  along  the  base  of  the  Helderberg  Mountains,  and  along  the 
River  Hudson.  It  can  also  be  traced  west  as  far  as  Herkimer 

County. 

Its  place  in  the  upper  stage  of  the  Silurian  system  is  well  made 
out.  At  Schoharie  it  rests  upon  the  green  shale  of  the  Clinton,  and 

continues  westward  above  that  group  always,  and  beneath  the  Onon- 

daga-Salt  group  (Hall,  Pal.  ii.  321). 
Position. — This  is  the  same  as  that  of  the  Niagara  group. 
Thickness. — About  four  feet. 

Fossils. — It  is  chiefly  occupied  by  broken  zoophytes,  mostly  Favo- 
sites.  Of  these  but  few  species  have  been  named — perhaps  from 
their  being  so  comminuted.  We  find  Columnaria  incequalis ;  Chce- 
tetes  niagarensis ;  Diplophyllum  coralliferum ;  Stromatopora  con- 
centrica  and  S.  constellata ;  Catenipora  escharoides.  The  New 
York  geologists  do  not  mention  here  a  single  Bryozoan,  Echino- 
derm,  Cystidean,  or  Orthoceratite.  There  are  only  two  Leptcence, 
two  Orthides,  three  Spiriferi,  five  Atrypce,  and  one  Strophodonta 
(textilis}. 

In  the  order  Monomyaria  are  met  with  here  four  Aviculce  and  one 
Tellinomya,  no  Dimyaria,  seven  Gasteropoda.  These  fossils  show 
that  the  thin  edge  of  the  Niagara,  as  we  may  call  the  Coralline 

Limestone  placed  in  the  east  of  the  State,  sympathizes  in  the  fossil- 
relations  of  the  arenaceous  deposits  around.  The  conditions,  we  may 
remark,  under  which  the  sediment  of  the  east  and  west  parts  of  the 

State  was  deposited  were  very  different,  and  the  depth  of  the  Silu- 
rian sea  may  have  been  unequal  at  that  time  ;  therefore  we  have  a 

varied  fauna  and  the  Coralline  Limestone  of  Schoharie. 

Fossils  typical. — Even  in  so  limited  a  thickness,  this  limestone 

presents  us  with  thirty  typical  forms,  as  now  known.     They  are — 

Columnaria  inaequalis. 
Diplophyllum  coralliferum. 
Stromatopora  constellata. 
Leptaena  bipartita. 
   (Stroph.),  n.  sp. 
Orthis  interstriata. 
  orbicularis. 

Spiriferi,  two  new  species  (Hall). 
Atrypa  limseformis. 
  lamellata. 
  nucleolata. 
  ,  n.  sp. 
Strophodonta  textilis. 
Tellinomya  aequilateralis. 
Murchisonia  obtusa. 

Murchisonia  terebralis. 
Avicula  limaeformis. 
  securiformis. 
  subrecta. 

n.  sp. 

Pleurotomaria  subdepressa. 
Bellerophon  aurieulatus. 
Bucania,  sp.  indet.   ,  n.  sp. 

Oncoceras  expansum. 
Trochoceras  Gebhardi. 
  turbinata. 

Phragmoceras,  sp.,  indet.  (near  the 
junction  with   the   Onondaga- 
Salt  group)  (29). 

Leperditia  alta  is  probably  here,  and  typical  (Hall  and  Mather). 

Fossils  occurrent  in  Europe. — Not  one  in  this  rock,  except  as 
considered  a  part  of  the  Niagara  group. 
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Fossils  recurrent  in  New  York. — Those  which  this  limestone  pos- 
sesses in  common  with  the  Niagara  group  are  as  follows  : — 

Catenopora  escharoides.  Stromatopora  concentrica. 
Favosites  niagarensis.  Spirifer  crispus. 
  gothlandica. 

Four  of  its  fossils  appear  in  newer  formations  and  two  in  the 

older,  exclusive  of  the  Niagara.  (See  Table  No.  IX.  in  the  Ap- 
pendix). 

Onondaga-Salt  group. 

Mineral  Character. — This  group  consists  of  successive  beds  of 
argillaceous  shales,  marls,  and  shaly  limestones,  with  brine-springs, 
and  gypsum  in  beds  and  veins. 

The  prevailing  colours  are  light-ashen  and  bluish-green  ;  but  the 
lower  part  of  the  group  is  deep  red  with  spots  of  green,  very  like 
the  shale  of  Medina  Sandstone. 

Vanuxem,  in  whose  geological  district  this  group  is  well  seen, 
divides  it  into  four  parts  in  the  following  order,  beginning  from 

below : — 
1.  Red  shale  with  green  spots.  It  is  blood-red,  fine-grained, 

earthy  in  fracture,  and  without  regular  lines  of  division.  Although 
it  is  of  vast  extent,  and  from  one  to  five  hundred  feet  thick,  yet  no- 

where has  a  fossil  been  discovered  in  it,  or  a  pebble,  or  anything  extra- 
neous, except  a  few  thin  layers  of  sandstone,  and  its  different-coloured 

shales  and  slate. 
2.  Alternate  beds  of  red  and  green  shale.  This  consists  of  shales 

and  calcareous  slate  of  a  light-green  and  drab  colour,  well  seen  near 
Lenox  Turnpike.  We  have  at  the  top  of  the  series  green,  then  red 
under  it,  alternating,  downwards,  with  a  little  white  and  greenish 
sandstone,  and  finally  red  shale,  as  the  lowest  visible  mass. 

This  second  mass  or  deposit  varies  in  its  colours  with  the  locality. 
Here  gypsum  occurs  in  fibrous  masses,  in  reddish  or  salmon  colours, 
peculiar  to  this  No.  2 ;  but  its  quantity  is  small. 

This  second  deposit,  as  well  as  the  third,  are  exceedingly  permeable 
to  water ;  so  that  wells  on  the  hilly  parts  of  the  country  are  useless. 

3.  The  third  or  Gypseous  Deposit. — Two  ranges  of  insulated 
masses  of  gypsum,  called  beds,  in  thin  bands  of  argillaceous  lime- 

stone, light  and  dark  green,  or  drab. 
It  is  only  in  this  deposit  No.  3  that  we  have  positive  evidence  that 

salt  has  existed  in  this  group  in  a  solid  state. 
The  great  mass  consists  of  rather  soft,  yellowish,  drab,  or  brownish 

shale  and  slate,  both  argillaceous  and  calcareous,  harder  and  softer. 
The  whole  is  usually  denominated  gypseous  marl.  Some  of  the 
more  indurated  kind,  when  weathered,  looks  as  if  it  had  been  hacked 

regularly  with  a  cutting  instrument,  owing  to  joints  in  two  direc- 
tions, giving  a  rhombic  surface. 

Dr.  Beck  found  a  considerable  amount  of  magnesia  in  the  mass 
enclosing  the  lower  range  of  plaster-beds. 

The  dark  colour  of  the  gypsum,  and  of  many  of  its  associates, 
appears  to  be  owing  to  carbonaceous  matter,  as  it  becomes  lighter  by 
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long  exposure.  The  gypsum  occurs  in  irregular  isolated  masses ; 
and  these  are  in  two  ranges  of  plaster-beds,  as  they  are  called,  gene- 

rally separated  by  the  vermicular  rock,  with  hopper-shaped  cavities, 
and  other  less  characteristic  masses. 

The  "vermicular"  rock  is  dark-grey  or  blue,  and  is  porous  or 
cellular,  like  lava,  which  it  greatly  resembles.  It  is  full  of  curvilinear 
holes  and  variously-shaped  cells,  some  of  them  having  the  forms  which 
are  due  to  common  salt,  which  has  afterwards  been  removed  in 
solution. 

There  are  two  masses  of  this  rock,  an  upper  and  lower ;  the 
former  extensive,  the  latter  not  so.  The  upper  is  four  feet  thick, 
the  other  twenty. 

The  lower  range  of  gypseous  masses  are  arched  over  by  thin 
calcareous  layers.  Just  above  them  are,  at  intervals,  long  lines  of 
hopper-shaped  cavities.  They  once  contained  salt,  and  are  covered 
in  by  a  bed  of  the  vermicular  rock.  These  curiously-constructed 
and  arranged  cavities  are  each  composed  of  six  hoppers,  placed  with 
their  apices  downwards,  so  as  to  form  the  cube.  For  a  more  minute 

description,  see  Vanuxem's  Report,  p.  102. 
4.  The  fourth  or  Magnesian  Deposit ;  so  called  from  presenting 

needle-formed  cavities,  caused  by  the  crystallization  of  the  sulphate 
of  magnesia.     They  are  plentiful,  as  at  Troopsville,  Springport,  &c. 

This  upper  mass  is  distinguished  from  those  below  by  certain 
narrow  vertical  fissures  or  gaps,  formed  by  the  sulphate  of  magnesia  ; 
by  the  presence  of  the  peculiar  cavities  (two  or  three  inches  long) 
first  mentioned,  and  by  the  calcareous  layers  being  more  solid  and 
thick  ;  the  softer  marls,  &c,  having  terminated  with  the  third 
deposit. 

The  Onondaga-Salt  group  confirms  a  fact  general  in  Europe, 
namely,  that  of  the  association  of  saline  springs,  gypsum,  and  mag- 

nesian limestone  (De  Verneuil,  Bull.  S.  G.  France,  iv.  p.  656). 
The  shrinkage-cracks  observed  in  the  surface  of  this  rock  show 

that  it  was,  for  a  time,  above  water.  They  are  more  prominent  about 
Cayuga  Lake,  and  in  Middle  New  York,  than  further  west  (Hall, 

Pal.  ii.  147)*. 
The  presence  of  so  much  salt  and  gypsum,  and  of  some  free  sul- 

phuric acid,  indicates  a  different  origin  for  this  group  from  that  of  any 
other  in  New  York.  At  Byron,  &c,  in  Genesee  County,  springs  of 
free  sulphuric  acid  have  been  met  with  (Hall,  Rep.  p.  133). 

No  valuable  brine-springs  have  been  found  west  of  Lake  Cayuga 
(Hall,  Rep.  p.  133). 

Transition. — In  New  York  this  group  came  in  at  a  period  when 
the  contemporaneous  rocks  of  England  were  of  the  Wenlock  age, 
continuously  through  several  mineral  changes,  or  were  part  of  it ; 
but  in  the  western  hemisphere  this  continuity  of  deposition  was 

interrupted  for  a  time  by  the  introduction  of  the  salt-group,  to  be 
covered  here  in  its  turn  by  Wenlock  strata. 

*  The  Onondaga-Salt  group,  according  to  Prof.  H.  D.  Rogers,  is  imperfectly 
represented  in  the  Appalachian  Chain,  south-west  of  the  State  of  New  York. 2  b  2 
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The  passage  from  the  Niagara  group  to  the  Onondaga  is  abrupt, 
without  gradation  of  any  kind. 

The  Niagara  strata  seem  to  have  sunk  down  to  a  great  depth,  and 
thus  allowed  this  accumulation  of  a  new  sediment  1000  feet  thick, — 
the  new  sediment  brought  in  perhaps,  as  James  Hall  thinks,  through 

the  agency  of  a  mud-volcano,  which  widely  spread  this  vast  body  of 
mud  over  the  bed  of  the  existing  ocean. 

Place. — The  group  now  under  consideration  occupies  the  largest 
territorial  surface  in  Central  New  York ;  and  about  Lake  Cayuga 
and  in  the  county  of  Onondaga.  There  the  denudation  of  the 
newer  rocks  gives  this  formation  a  greater  southern  extension  by 
several  miles  than  it  has  further  west.  It  has  been,  as  well  as  the 

Niagara  group,  deeply  excavated  by  ancient  agencies  throughout  the 
greater  part  of  Western  New  York.  It  is  often  a  mere  band  in  pass- 

ing from  the  last-mentioned  district  to  the  River  Niagara,  but  widens 
to  the  breadth  of  fifty  miles  in  the  Canadian  counties,  south-east  of 
Lake  Huron,  and  is  still  broader  on  Lake  Michigan. 

Its  northern  and  western  outcrop  can  be  traced  for  1 130  miles  from 
Schoharie,  in  New  York,  to  the  west  side  of  Lake  Michigan. 

The  Onondaga  rests  upon  the  Niagara  group  from  the  middle  of 

Herkimer  County  westwards,  and  not  only  in  New  York,  but  where- 
ever  visible  in  its  long  course  across  Canada  West  to  Michilimac- 
kinac  and  Lake  Michigan,  many  of  the  islands  of  which,  with  parts 
of  its  west  side,  it  occupies. 

From  where  the  Niagara  group  ends  eastwards  (Little  Falls,  N.  Y.), 
the  Onondaga  rests  on  the  Clinton,  and  still  more  easterly  it  reposes 
on  the  Frankfort  Slate  of  the  Hudson- River-group,  and  so  continues  to 
within  a  short  distance  of  the  Hudson  River ;  but  then  it  thins  out 
to  only  few  feet  of  thickness,  begins  to  be  absent  in  places,  and  finally 
disappears  (Mather,  Report,  353). 

The  grey  or  yellow  porous  (vermicular)  limestone  of  this  group 
was  met  with  by  Vanuxem  at  Sharon  Springs,  overlying  Frankfort 
Slates,  and  underlying  the  Helderberg  series. 

Position. — This  group  displays  a  series  of  gentle  undulations,  like 
its  associate  strata.  Sometimes  they  may  be,  in  reality,  excavations  ; 
but  in  many  places,  the  layers  of  this  group  undeniably  dip  to  the 
south-west, — at  Syracuse,  as  well  as  in  other  situations,  at  the  rate 
of  25  feet  per  mile  (Vanuxem,  p.  108). 

Thickness. — This  varies  from  east  to  west?  thinning  out  in  the 
former  direction.     It  may  be  estimated  at  700-1200  feet. 

Fossils. — From  the  experiments  of  M.  Beudant  (Vanux.  p.  102), 
testaceous  animals  cannot  live  in  water  saturated  with  gypsum ;  and 
such  was  mostly  the  state  of  the  Onondaga-salt  sediment. 

Therefore,  as  Hall  says,  this  group  cannot  be  characterized  by  its 
fossils  ;  there  being  so  few,  and  these  so  imperfect.  The  few  near  the 
base  are  a  continuation  of  species  from  the  Niagara ;  and  those  near  the 
top  of  the  Onondaga-Salt  group  appeared  after  the  various  salts  had 
ceased  to  prevail,  and  during  the  gradual  change  which  restored  the 
Wenlock  epoch.  There  are  few  or  no  fossils  in  the  middle  of  this 
group.     In  one  place  only,  near  the  road  from  Jordan  to  Peru,  did 



BIGSBY — PALAEOZOIC  ROCKS  OF  NEW  YORK.  367 

Vanuxem  find  in  the  second  deposit  some  Cytherince,  about  half  the 
size  of  those  in  the  next  groups  above  and  below.  They  occur  in 
a  thin  layer  of  calciferous  slate,  which  makes  a  large  portion  of  the 
third  deposit  (Vanux.  p.  98). 

Both  the  Onondaga  and  Tentaculite  Limestone  contain  the  Eury- 
pterus  remipes,  in  clayey  limestone  with  gypsum,  in  the  upper  range, 

third  deposit,  near  Waterville, — at  the  end,  therefore,  of  muddy 
saline  deposits,  on  the  reappearance  of  a  purer  lime. 

I  am  not  aware  of  the  presence  of  a  Trilobite  in  this  group.  We 

find  in  the  top  and  bottom  of  the  Onondaga-Salt  group  twenty-one  new 
forms,  chiefly  Gasteropoda, — and  these  principally  in  its  highest 
calcareous  strata,  and  having  a  strong  Devonian  facies. 

Eight  species  have  been  received  from  other  Silurian  epochs. 

They  are — 
Chsetetes  gothlandica,  Stromatopora  concentrica,  Leptsena  obscura,  L. 

subplana,  Avicnla  rhornboidea,  Orthoceras  aequale,  Cornulites  serpularius, 
Tentaculites  ornatus. 

Two  only  are  transmitted  onwards,  while  twenty-two  are  typical; 
almost  wholly  Gasteropoda  and  Cephalopoda. 

This  group  has  few  affinities  with  any  other  deposit.  The  Gait 
fossils  (Upper  Canada),  which  have  so  added  to  the  fauna  of  the 

Onondaga-Salt  group,  will  perhaps  prove  to  be  Devonian  (Onondaga 
Limestone,  see  p.  375).  The  region  in  which  they  were  found  has 
not  been  properly  examined. 

Fossils  typical. — Of  the  twenty-two  typical  fossils,  fourteen  were 
unexpectedly  discovered  at  Gait  in  Upper  Canada,  about  sixteen 
miles  to  the  N.W.  of  Lake  Ontario,  in  a  white  limestone  (Hall,  Pal. 

ii.  147).     The  typical  fossils,  by  name,  are — 

Heliolites  interstincta,  Pentamerus  occidentalis  (Gait) ;  Megalomus  cana- 
densis (Gait) ;  Avicula  triquetra;  Cyclonema  sulcata  ;  Murchisonia  bivittata 

(Gait) ;  M.  Boydii  (Gait) ;  M.  Logani  (Gait) ;  M.  longispira  (Gait) ;  M.  ma- 
crospira  (Gait)  ;  M.  turritiformis  (Gait) ;  Pleurotomaria  bispiralis  (Gait) ;  P. 

perlata  (Gait) ;  P.  sp.  ind.  (Gait) ;  P.  solaroides  (Gait)  -,  Subulites  ventricosa 
(Gait) ;  Cyrtoceras  arcticameratum ;  Orthoceras  laeve ;  Cornulites,  sp.  ind. ; 
Calymene,  sp.  ind. ;  Hypanthocrinites  ornatus  ?,  De  Verneuil. 

Fossils  occurrent  in  Europe. — We  only  know  three — Tentaculites 
ornatus  (a  Middle  and  Upper  Silurian  in  both  hemispheres),  Favosites 
gothlandica,  and  the  Atrypa  didyma,  detected  by  Daniel  Sharpe  in 

Sir  Charles  Ly ell's  collection  of  American  fossils. 
Fossils  recurrent  in  New  York. — These  have  been  already  enume- 

rated, and  are  derived  from  the  two  groups  nearest  below,  except  the 
Orthoceras  cequale  (a  swimmer),  also  occurring  in  the  Utica  Slate 

and  the  Hudson-River  group  in  the  E.  of  New  York,  where  these 
come  in  contact  with  the  Onondaga-Salt  group. 

Waterlime  Group. 

Mineral  Character. — It  is  composed  of  two  principal  members, — 
Water-limestone  and  Tentaculite-limestone.  Each  of  these,  says 
Hall,  should  be  subdivided. 
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The  courses  of  the  Waterlime  rocks  (which  are  the  lower)  are 
thin,  and  often  not  more  than  half  an  inch  thick.  They  ring  under 
the  hammer.  The  limestone  is  brownish  and  geodiferous,  impure, 
from  the  presence  of  silex,  and  often  without  the  power  of  cementing 
(Mather,  Report,  p.  349). 

The  lowest  and  middle  parts  of  the  Tentaculite-limestone  are  slaty 
and  black.  The  upper  portion  is  black  and  dark  grey,  compact,  and, 
in  some  layers,  subcrystalline. 

Transition. — The  plane  of  separation  between  the  Waterlime 
group  and  the  Onondaga-Salt  is  rather  well  defined  on  the  east  side 
of  New  York  (Mather,  p.  348).  At  the  foot  of  the  Helderberg 
Mountains,  the  Waterlime  group  rests  on  Oneida  Conglomerate,  there 
called  Shawangunk  Grit,  having  however,  but  only  in  places,  some 
pyritous  strata,  red  shales,  and  grits  between  them,  altogether  usually 
under  30  feet  in  thickness.  The  pyrites  is  sometimes  found  in  the 
limestone,  and  sometimes  in  the  conglomerate,  but  often  also  only  in 
the  intervening  shales  and  grits. 

This  is  an  indication  of  slow  transition.  The  groups  Onondaga- 
Salt,  Niagara,  Clinton,  and  Medina  do  not  appear  here. 

Place. — This  group  is  coexistent  with  the  Lower  Helderberg  divi- 
sion, and  is  well  seen  in  Hurley,  Kingston,  Marbletown,  Rochester, 

Saugerties,  Catskill,  Athens,  Coxsackie,  and  New  Baltimore  counties, 
on  the  west  side  of  the  Hudson  River. 

Thickness. — 30  feet  at  Schoharie,  and  100-150  feet  elsewhere. 
Position. — In  Kingston,  Marbletown,  Saugerties,  and  New  Balti- 

more, this  group  is  well  exposed  by  subterranean  disturbances  which 
have  raised  it  at  various  angles  and  in  different  directions  ;  but  from 
Coeymans,  by  Bethlehem,  Berne,  &c.  towards  Central  New  York,  the 

rock  dips  gently  to  the  west  and  south,  cropping-out  towards  the 
Hudson  and  Mohawk  Valleys  with  a  mural  escarpment  or  steep 
acclivity. 

Fossils. — Mather  found  them  to  be  few ;  and  these  few  have  not 
yet  received  proper  attention. 

The  lowest  part  of  the  Tentaculite  Limestone  abounds  in  Favo- 
sites,  Columnaria,  Catenipora,  &c.  The  middle  possesses  Tentacu- 
lites  ornatus,  Leperditia  alta,  Orthis  plicala,  Avicula  rugosa  (all 
typical,  Hall) .  The  upper  part  furnishes  several  species  of  Asaphus 
and  Calymene. 

Prof.  H.  D.  Rogers*,  speaking  of  the  Lower  Helderberg  Limestones 
of  New  York,  of  which  Waterlime  is  the  oldest,  says  that  many  of 
their  fossils  are  generically  and  even  specifically  identical  with  the 
shells,  corals,  trilobites,  and  other  fossils  of  the  Wenlock  of  Great 
Britain,  and  therefore  its  nearest  equivalent  in  America ;  and  that 
it  is  the  uppermost  deposit  of  the  Appalachian  Sea  (i.  e.  the  Lower 
Helderberg  group) .     This  is  the  general  conviction  of  geologists. 

In  1854,  James  Hall,  while  employed  in  his  great  work  on  the 
Palaeozoic  Fossils  of  New  York,  said  (Sill.  Journ.  xvii.  n.  s.  p.  312) 

that,  "  poor  as  our  lists  now  are,  in  the  Lower  Helderberg  group,  I 

*  Johnston's  Physical  Atlas,  new  edit. 
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expect  to  describe  200  species,  exclusive  of  Corals  and  Bryozoa,  of 

which  I  already  know  fifty  species." 
Fossils  typical. — Until  Mr.  Hall's  anticipations  are  realized,  we 

find  in  the  Waterlirae  group  five  typical  fossils  ;  namely, 

Atrypa  sulcata ;  Orthis  plicata ;  Avicula  rugosa ;  Euomphalus  sulcatus, 
Littorina  antiqua. 

Fossils  occurrent  in  Europe. — Tentaculites  ornatus  (Mid- Silurian) ; 
Spirifer  plicatus  ?  ( Wenlock  and  Ludlow) ;  Phragmoceras  ventricosum 
(Aymestry  and  Wenlock). 

Fossils  recurrent  in  New  York. — Spirifer  plicatus;  Terebratula  hemi- 
sphgerica ;  Cornulites  serpularius  (all  Wenlock) ;  Leperditia  alta. 

Lower  Pentamertjs  Limestone. 

Mineral  Character. — This  rock,  according  to  De  Verneuil  (Bull. 
S.  G.  Fr.  iv.  656),  in  Central  New  York  is  distinguished  by  the 
thickness  of  its  strata  and  the  compactness  of  its  texture ;  but  ac- 

cording to  Mather,  p.  347,  the  Pentamerus  Limestone  in  his  (the 
south-eastern)  district  is  divided  into  strata  and  slaty  layers  by  seams 
and  thin  partings  of  fine  argillaceous  slate  or  shale.  It  is  in  this 
district  a  slaty  and  subcrystalline  grey  and  black  limestone.  Its 
upper  layers  contain  here  and  there  courses  and  flat  nodules  of  horn- 
stone.  Vanuxem  remarks  that  the  divisional  lines  of  its  layers  are 
not  straight  (p.  118). 

Transition.  —  That  this  Pentamerus  Limestone  rests  upon  the 
Waterlime  group  is  all  I  can  gather  from  authors. 

Place. — This  is  a  very  extensive  set  of  strata  in  the  south-east  of 
the  State  (Mather,  p.  347),  running  continuously  from  the  west  line 
of  Schoharie  County,  eastward  to  the  Helderberg  Mountains  in  Berne 
and  Bethlehem,  whence  it  extends  south-east  and  south  to  Kingston, 
and  from  thence  south-west  by  Hurley  to  Rochester. 

It  then  disappears  beneath  the  quaternary  beds  of  the  Mamakating 

Valley,  and  is  rarely  seen  from  that  place  to  Carpenter's  Point  on  the 
Delaware.     It  is  conspicuous  near  the  village  of  Schoharie. 

Taking  up  the  description  from  Mather,  Vanuxem  (p.  118)  says 
that  the  Pentamerus  Limestone  enters  Central  New  York  (the  region 
allotted  to  him)  from  the  south-east  in  considerable  force,  and  con- 

tinues to  the  Falls  of  Oneida  Creek.  Beyond  this  it  is  not  distinctly 
recognized. 

It  does  not  exist  from  the  west  end  of  Madison  County  to  Cayuga 
Lake  ;  for  from  thence  the  Waterlime  group,  the  Oriskany  Sand- 

stone, and  the  Onondaga  Limestone  come  together,  to  the  exclusion 
of  all  the  rocks  intermediate  to  the  Waterlime  group  and  the  Oriskany 
Sandstone,  which  are  found  to  the  east. 

Position. — Conformable  with  and  parallel  to  its  associate  strata. 
Thickness. — Vanuxem  (p.  119)  says  that  its  maximum  thickness  is 

in  Otsego  County,  and  is  not  less  than  80  feet.  It  diminishes  to- 
ward the  west,  and  little  exceeds  10  feet  on  the  Oneida  Creek.  Its 

limit  there  is  not  so  well  defined  as  at  the  east  of  the  State.  In  the 

south-east  of  the  State,  at  Schoharie,  Mather  (p.  347)  found  the 
Pentamerus  Limestone  to  be  12-20  feet  thick. 



3/0  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

Fossils. — Palaeontologically,  according  toVanuxem,this  rock  divides 
itself  into  three  parts  : — 

1st  (from  above).  Layers  with  occasional  nodules  of  hornstone. 
2ndly.  Similar  beds,  with  Pentamerus  galeatus  (not  the  Clinton 

shell,' which  is  P.  oblongus,  p.  356),  Euomphalus profundus,  and  other 
fossils  ;  having  under  them  a  series  of  layers  with  Lepocrinites  Geb- 
hardii. 

3rdly.  More  layers  with  Pentamerus  galeatus,  separated  distinctly 
from  those  with  the  Lepocrinites  Gebhardii. 

At  Schoharie  we  see  only  two  divisions. 
Mather  finds  many  fossils  in  this  rock  ;  but  he  gives  but  a  slender 

account  of  them.  Of  those  we  know,  six  are  original,  five  are  de- 
rived from  other  groups,  and  three  are  typical.  Twelve  only  are 

mentioned.  Two  Brachiopoda  extensively  distributed  in  the  Lower 
Silurian  stage  are  met  with  here. 

Fossils  recurrent  in  Europe. — These  are  two, — Avicula  naviformis 
in  the  Ludlow  of  Westmoreland  (Sharpe)  ;  and  Spirifer  plicatus, 
Wenlock  of  Shropshire  and  Ludlow  of  Westmoreland. 

Fossils  recurrent  in  New  York. — Of  eight  recurrents,  four  are 
intimately  connected  with  the  Niagara  group,  and  most  of  the  others 

are  found  in  the  neighbouring  strata  also  closely  related  to  the  Nia- 
gara ;  so  that  we  may  consider,  with  the  lamented  Sharpe,  that  the 

Pentamerus  Limestone  and  its  associated  limestones  form  a  Western 

equivalent  of  the  European  Wenlock. 
Further  particulars  of  considerable  interest  may  be  seen  by  con- 

sulting Table  VI. 

Delthyris  (Catskill)  Shaly  Limestone. 

Mineral  Character. — According  to  Hall  (Geol.  Rep.  p.  144),  this  is 
an  argillaceous  shaly  mass,  or  a  shale  with  alternating  beds  of  com- 

pact limestone.  It  was  named  from  the  Delthyris  macropleura  of 
Conrad. 

Mather  (p.  344)  very  properly  arranges  this  limestone  in  three 
subdivisions  : — 

a.  The  upper  portion,  often  called  "  Scutella-limestone,"  is  a 
coarse,  subcrystalline,  grey  limestone,  full  of  fossils,  with  some  pecu- 

liar to  each  stratum.  The  shallow,  almost  discoidal  pelvis  of  an  En- 
crinite,  like  a  Scutella,  is  very  abundant.  It  defines  and  limits  this 
division. 

b.  The  middle  subdivision  is  a  slaty  limestone  containing  many 
genera  of  Testacea,  Corals,  Encrinites,  with  some  Trilobites.  Some 
species  of  the  Pentamerus  are  characteristic  (Mather,  p.  345). 

c.  The  lower  subdivision  is  a  mass  of  slaty  argillo-siliceous  lime- 
stone abounding  also  in  fossil  remains,  especially  in  Strophomena. 

Transition. — Linked  together  with  the  previous  and  subsequent 
group  very  closely. 

Place. — The  upper  subdivision  (a)  is  well  developed  from  the  west 
frontier-line  of  Schoharie  County,  ranging  eastward  by  Schoharie  to 
the  east  brow  of  the  Helderberg  Mountains,  and  from  thence  south- 
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east  by  Clark ville  to  within  two  or  three  miles  of  the  Hudson  River. 
From  that  place,  the  outer  edge  of  this  Scutella  portion  runs  south 
near  Madison  (?)  to  Kingston.  It  is  well  seen  north  of  Cherry  Valley 
and  through  the  townships  of  Warren  and  Columbia  in  the  county 
of  Herkimer. 

The  middle  subdivision  is  coextensive  with  the  upper. 
The  lower  subdivision  is  only  visible  eastward  on  the  Helderberg 

Range  and  from  thence  south-east  and  east  to  Kingston,  and  is  a 
prominent  and  well-characterized  rock.  It  is  not  seen  at  Schoharie, 
nor  west  of  that  village  (Mather,  p.  345). 

Position. — The  same  as  the  contiguous  strata. 
Thickness. — It  is  30-40  feet  in  thickness,  and  is  thicker  in  South- 

eastern New  York  than  in  Central  New  York. 

Fossils. — Fossils  are  finely  formed  here  and  abundant,  although 
they  have  not  yet  been  fully  described. 

Of  Zoophyta,  Bryozoa,  Echinodermata,  Dimyaria,  and  Gasteropoda, 
it  is  only  said  by  the  New  York  geologists  that  they  abound  and  be- 

long mostly  to  the  Niagara  group. 
Out  of  7 1  organic  remains,  of  which  we  have  some  particulars,  58 

appear  to  be  original,  7  are  derived,  6  transmitted,  and  53  are  typical. 
But  this  is  only  true  today. 

Upper  Pentamerus  Limestone. 

Mineral  Character. — This  stratum  is  distinguished  from  the  last 
only  by  greater  compactness  and  some  superadded  fossils  (De  Vern. 
loc.  cit.  p.  657),  particularly  by  a  smooth  Pentamerus,  similar  in 
shape  to,  but  distinct  from,  P.  galeatus.  It  contains  several  forms 
of  Atrypa,  and  according  to  Mr.  Gebhard  has  a  peculiar  assemblage 
of  fossils,  distinguishing  it  from  the  beds  below. 

This  second  Pentamerus-limestone,  according  to  Hall  (p.  145), 
rests  immediately  on  the  Encrinal  or  Scutella-limestone.  It  appears, 

however,  to  be  represented  by  Mather's  second  subdivision,  6,  of  the 
Delthyris  shaly  limestone. 

Transition. — The  four  subdivisions,  Waterlime,  Lower  Pentamerus 
limestone,  Delthyris  shaly  limestone,  and  the  Upper  Pentamerus 
limestone,  are  found  together  as  the  result  of  one  epoch  by  com- 

munity of  fossils  and  close  mineral  similarity.  They  are  continua- 
tions of  the  Niagara  or  Wenlock  period,  with  such  modifications 

as  we  might  expect. 

Fossils. — Our  information  here  being  limited,  we  anxiously  await 
the  forthcoming  volumes  of  James  Hall,  treating  on  the  palaeonto- 

logy of  the  strata  above  the  Onondaga-salt  group. 
From  that  able  and  indefatigable  geologist,  however,  I  only  expect 

more  abundant  illustrations  of  the  equivalency  of  these  four  lime- 
stones to  the  Niagara  or  Wenlock  strata. 

Of  the  fossils  enumerated  as  belonging  to  Lower  Helderberg  di- 
vision, eleven  are  found  in  the  Niagara  group  of  New  York,  and 

several  others  are  of  the  English  Wenlock  and  Ludlow  periods. 
None  of  them  are  seen  below  the  Niagara  group ;  some,  however, 
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run  into  the  Devonian  system,  evidently  heralding  new  mineral  and 
vital  conditions. 

Fossils  occurrent  in  Europe. — These  are  1 8  in  number ;  or  more 
than  one-third  of  the  whole.  All  the  14  marked  with  an  *  are  En- 

glish also.     They  are — 

Atrypa  tumida*  (S.f);  A.  Didyma*  (S.) ;  Leptama  depressa*  (W.%,  S.), 
L.  (Stroph.)pecten*  (S.);  Orthis  hybrida*  (W.,  S.),  O.  orbicularis*  (S.), 
O.  resupinata*  (S.) ;  Pentamerus  galeatus*  ( W.,  S.) ;  Spirifer  bilobus  ( W., 
De  Vern.),  S.  plicatus*  (W.,  S.) ;  Terebratula  borealis*  (De  Vern.,  S.),  T. 
deflexa  (IV.,  De  Vern.),  T.  Stricklandi*  (S.\,  T.  n.  s.*  (S.) ;  Atrypa  reti- 

cularis* (W.,  -L.§,  S.) ;  Phacops  Hausmanni  (De  Vern.),  P.  macrophthal- 
mus  (Eifel,  De  Vern.);  Avicula  naviformis*  (S.),=18. 

Fossils  recurrent  in  New  York. — These  are  only  eleven : — ■ 
Leptsena  depressa  (also  Devonian) ;  Orthis  resupinata  (also  Devonian) ; 

Spirifer  macropleurus ;  Atrypa  reticularis  (also  Devonian) ;  Terebratula 
Wilsoni ;  Pentamerus  galeatus  ;  Euomphalus  profundus  ;  Avicula  navi- 

formis ;  Theca  Forbesii;  Lepocrinites  Gebhardii ;  Cornulites  serpularius. 

They  are  all  from  below,  except  three,  which  pass  upwards. 
(Table  No.  VI.  shows  the  palseontological  relations  of  the  four 

limestones  above  mentioned.) 

The  Devonian  System  of  the  State  of  New  York. 

Oriskany  Sandstone. 

Mineral  Character. — This  rock,  the  Potsdam  Sandstone,  and  the 
Calciferous  Sandstone,  are  the  only  strata,  at  least  in  and  about 
Central  New  York,  according  to  Vanuxem  (p.  123),  which  present 
unaltered  the  sand  of  the  Crystalline  or  Hypogene  formations,  as  it 
appears  when  pure. 

The  Oriskany  Sandstone  is  a  coarse,  rather  loosely  cemented  sili- 
ceous sandstone,  such  as  is  derived  from  granite,  gneiss,  or  mica- 

slate.  It  is  yellowish-white,  and  contains  flat  chert-nodules  and 
druses. 

In  the  upper  part  of  the  rock  are  many  concretions  of  dark,  com- 
pact, and  crystalline  sandstone,  from  one  to  six  inches  in  diameter ; 

and  it  is  full  of  cavities  left  by  dropped  fossils.  Hall  supposes  that 
much  of  this  rock  has  once  been  calcareous,  from  the  number  of  its 
pores  and  holes,  and  from  the  abundance  of  its  fossils  ;  and  it  is  now 
occasionally  calcareous  in  a  slight  degree  (De  Verneuil,  loc.  cit.  p. 
657). 

Place. — This  sandstone  holds  a  fixed  position  in  the  New  York 
series,  and  is  readily  traced  by  its  composition  and  characteristic  fos- 

sils, which  individually  are  numerous  and  distinct. 
Oriskany  Sandstone  is  confined  to  Eastern  and  Central  New  York, 

being  absent  in  the  west  of  the  State,  as  well  as  from  the  countries 
westward  towards  the  River  Mississipi  (De  Verneuil). 

"It  is  deposited,"  says  James  Hall,   "in  depressions  due  either 

f  S.  stands  for  Daniel  Sharpe. 
§  L.,  Upper  Ludlow. 

X  W.,  Wenlock  Limestone. 
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to  denudations  or  to  natural  inequalities  in  the  surfaces  of  pre-exist- 

ing rocks."     (De  Vern.  loc.  cit.) 
Its  position  (Vanuxem,  Rep.  p.  123)  is  best  seen  in  the  south-east 

side  of  New  York,  near  Salem, — the  geographical  division  "  Helder- 
berg"  being  there  complete.  It  projects  from  the  side  of  the  Hel- 
derberg  Mountain,  and  forms  a  terrace  resting  upon  Delthyris  shaly 
limestone,  the  Oriskany  Sandstone  passing  under,  and  covered  up 
by,  the  Caudagalli  Grit.  Mather  has  only  seen  it  in  the  south-east, 
on  Schoharie  Mountain  and  at  Clarkville  (p.  340). 

It  occupies  part  of  the  counties  of  Madison,  Onondaga,  Genesee, 
&c.  In  the  eastern  and  central  parts  of  the  State  its  immediate 
associates  cease  entirely  (Vanuxem)  before  reaching  the  west  end  of 
Madison  County ;  and  the  Oriskany  Sandstone  rests  at  Manlius 
upon  the  Waterlime  group,  and  is  covered  by  the  Onondaga  Lime- 

stone, as  at  Perryville, — these  three  rocks  extending,  thus  connected, 
to  Lake  Cayuga. 

The  localities  at  which  this  rock  is  visible  are  more  numerous  on 
the  west  side  of  Central  New  York  than  on  the  east  side. 

As  Daniel  Sharpe  expresses  it,  this  sandstone,  the  Caudagalli  Grit, 

and  Schoharie  Grit  are  "beds  of  the  same  age,  locally  distributed." 
Transition. — Its  mode  of  passage  from  the  subjacent  rock  is  only 

mentioned  twice — at  Helderberg  and  at  Oriskany  Village.  It  there 
rests  upon  Delthyris  shaly  limestone,  into  which  it  graduates,  con- 

taining multitudes  of  the  Atrypa  Icevis  of  the  latter  rock. 
Position. — It  is  conformable  to  the  strata  about  it. 
Thickness. — This  rock  in  New  York  varies  in  thickness  from  two 

to  seventy  feet.  It  is  usually  thin  in  this  State,  and  often  in  patches. 
In  Pennsylvania,  according  to  Rogers,  it  is  a  more  constant  stratum, 
and  averages  700  feet  in  thickness. 

Fossils. — This  is  a  rock  of  great  geological  importance  ;  for  on 
entering  it  we  lose  the  older  fossils,  except  three  Atrypce  (Icevis,  ema- 
cerata  (?),  and  reticularis),  Spirifer  niagarensis,  and  S.  plicatus. 

As  far  as  is  now  known,  twenty-nine  new  species  are  introduced,  of 
which  26  are  Brachiopoda — 6  Rhynchonellce,  4  Leptcence,  5  Spiriferi, 
3  Orthides,  3  Atrypce,  2  Chonetes,  2  Meganteres,  and  1  Leptocelia. 
It  receives  and  transmits  5  Brachiopoda  and  1  Zoophyte  into  the  Cor- 
niferous  Limestone  (Hamilton  Group  or  Chemung),  besides  the 
universal  Cornulites  serpularius. 

The  fossils  are  mostly  at  the  base  of  the  rock,  crowded  and  very 

large, — the  most  common  being  Spirifer  arenarius,  Atrypa  elongata, 
and  A.  unguiformis  of  Conrad  (Vanuxem,  Rep.  p.  123).  They  are 
all  casts,  except  where  the  rock  is  slightly  calcareous.  The  genus 
Spirifer,  which  has  hitherto  in  the  different  groups  been  only  of 
small  size,  here  becomes  large,  and  presents  species  which,  by  their 
dimensions  and  their  numerous  plications,  approach  the  Devonian 
and  Carboniferous  types. 

The  plant  we  find  here  is  a  branchless,  pipe-like  fucoid.  It  is 
straight,  and  stands  vertically  in  the  stratum. 

In  1854  James  Hall  wrote  that  he  expected  to  describe  nearly  sixty 
species  from  this  sandstone. 
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Fossils  typical. — Fucoides  verticalis ;  Atrypa  elongata ;  A.  peculiaris  ; 
Chonetes  complanata;  Leptaena  depressa,  var.  ventricosa,  and  L.  nucleata 
(Hall);  Orthis  unguiformis ;  O.  musculosa;  six  RhynchoDellae ;  Spirifer 
macropterus ;  Acroculia  crassifrons. 

Fossils  occurrent  in  Europe. — Stromatopora  concentrica ;  Cyathocri- 
nites  pyriformis  (W.);  Atrypa  unguiformis;  Spirifer  arenosus;  S.  cultri- 
jugatus?  (Devon.);  S.  macropterus  (Devon.);  S.  Urii  (Devon.);  Atrypa 
reticularis. 

Fossils  recurrent  in  New  York. — These  are  eleven  in  number,  most 
of  them  being  Brachiopoda,  and  some  from  all  the  three  stages  of 
the  Silurian  system,  on  their  way  into  still  higher  Devonian  strata. 

Caudagalli  Grit. 

Mineral  Character. — This  is  an  argillo-calcareous  sandstone,  pass- 
ing into  green  shale.  It  is  merely  an  upper  portion  of  the  Oriskany 

sandstone. 

Transition. — In  the  State  of  New  York,  Vanuxem  (p.  129)  saw  it 
resting  upon  the  Delthyris  shaly  limestone,  in  one  of  the  frequent 
absences  of  Oriskany  Sandstone  proper. 

Place. — It  generally  accompanies  Oriskany  Sandstone.  It  extends 
from  the  western  frontier-line  of  Schoharie  County,  eastwards  by 
Schoharie,  to  the  eastern  brow  of  the  Helderberg  Mountains.  From 

thence  its  outcrop  goes  south-east  and  south  to  Kingston.  It  is  not 
seen  in  the  Mamakating  Valley  further  south-west  than  Marbletown. 

This  stratum  has  not  been  seen  in  Central  New  York,  westwards, 
beyond  Herkimer  County,  and  not  at  all  in  Western  New  York.  It  is 

first  visible  eastwards  in  Mather's  (S.E.)  district,  on  the  north  side 
of  Cherry  Valley  village,  some  miles  from  its  last  western  appearance. 

Position. — Is  conformable  to  the  groups  adjacent. 
Thickness. — Mather  (Rep.  p.  341)  states  this  to  be  about  fifty  feet. 

Fossils. — It  presents  only  one — the  elegant  fucoid  like  a  cock's 
tail,  which  also  occurs  in  the  Hamilton  and  Chemung  groups. 

Schoharie  Grit. 

Mineral  Character. — This  is  a  calcareous,  fine-grained  sandstone, 
— the  carbonate  of  lime  disappearing  on  exposure  to  weather,  without 
alteration  in  the  form  of  the  rock. 

Transition. — This  rock  and  the  last  described  are  so  thin,  that, 

in  De  Verneuil's  opinion,  and  in  that  of  most  geologists,  they  ought to  be  united. 

Place. — Schoharie  grit  is  local,  and  does  not  extend  far  west  from 
Schoharie.  By  Mather  it  has  only  been  seen  near  Schoharie  and 
Clark ville,  in  South-eastern  New  York.  Vanuxem  states  that  this 
stratum  does  not  exist  in  Central  New  York. 

Thickness. — Only  eight  or  ten  feet  at  Schoharie. 
Position. — This  is  the  same  as  in  the  neighbouring  strata. 
Fossils. — This  rock  is  marked  as  the  lowest  point  at  which  in 

New  York  we  recognize  the  type  of  Devonian  fish,  J.  Gebhard  having 
found  in  it  a  fragment  of  the  Asterolepis  (Verneuil,  Bull.  S.  G.  Fr. 
2  ser.  iv.  p.  658). 
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With  Schoharie  Grit,  says  James  Hall  (Pal.  i.  xvii.),  commences 
a  series  of  fossils  as  distinct  from  those  of  the  preceding  formations 
as  these  from  the  lower  division.  We  must,  indeed,  unite  all  the 

succeeding  strata  as  Devonian ;  but  the  three  divisions  are  only  three 
terms  in  one  system. 

This  rock  contains  many  fossils,  but  they  have  not  been  regis- 
tered. 

We  know  of  the  presence  in  it  of  three  Brachiopoda — Atrypa  im- 
pressa,  Hall,  Chonetes  hemisphtzrica,  Hall,  and  Pentamerus  aratus, 

Hall, — with  Phacops  macrophthalmus  and  certain  Orthocerata  having 
cross-rings.  There  is  a  Cyrtoceras  like  that  of  the  Eifel  on  the  Rhine. 
There  is  also  a  Pleurorhynchus  of  the  size  of  some  Carboniferous 
species ;  and  numerous  Corals  occur  (De  Verneuil,  loc.  cit.). 

Onondaga  Limestone. 

Mineral  Character. — It  is  usually  a  pure  limestone  (Vanuxem), 
of  a  light-grey  colour,  and  crystalline.  Sometimes  it  is  darker  and 
more  compact  in  texture,  with  its  layers  separated  by  green  shale  in 
seams. 

In  some  localities  it  contains  numerous  nodules  of  flint  in  parallel 
layers  (Vanuxem,  p.  135).  It  looks  like  the  Wenlock  Limestone  of 
England,  but  the  latter  has  more  intermixed  shale.  The  lower  layers 
of  the  limestone  at  Splitrock  Quarry  frequently  hold  black  pebbles, 
distinctly  waterworn,  and  identical  with  the  sandstone-nodules,  or 

accretions,  of  Oriskany  Sandstone,  south  of  Paris  Hill,  near  Eastman's 
Quarry  (Vanuxem,  p.  137). 

Place. — The  impure  limestone  ending  the  Onondaga-Salt  group 
is  succeeded  by  the  Onondaga  Limestone,  with  a  few  inches  of  sand- 

stone between  them.  This  takes  place  throughout  all  Western  New 
York,  where  the  Waterlime  group,  Lower  Pentamerus  limestone, 
Delthyris  shaly  limestone,  Upper  Pentamerus  limestone,  and  the 
Oriskany  Sandstone  and  its  two  subordinate  grits  are  wanting. 

Onondaga  Limestone  also  rests  at  Paris  Hill  and  on  the  west  side 
of  Oneida  Creek  on  Oriskany  Sandstone.  In  another  place  it  lies 
upon  the  Waterlime  group. 

This  limestone  extends  from  the  Helderberg  Mountains  to  near 
Lake  Erie  in  unbroken  continuity  (Vanuxem,  Rep.  p.  132),  but 
remarkably  thin  in  comparison  with  its  extent.  Professor  Troost 
found  it  in  the  State  of  Tennessee,  marked  by  its  typical  Echinoderm, 
the  Encrinus  Icevis. 

The  range  of  this  limestone,  according  to  another  observer  (Hall, 
Rep.  p.  151),  is  in  an  undulating  line,  having  a  general  east  and  west 
direction,  which  extends  eastwards  to  the  Hudson  River,  and  west- 

wards far  beyond  the  River  Niagara  into  Canada.  Its  northern  outline 
is  everywhere  distinct,  forming,  together  with  the  next  succeeding 
rock,  the  second  great  limestone-terrace,  which  rises  to  the  south  of 
the  valley,  marking  the  range  of  the  Onondaga-Salt  group. 

Transition. — This  is  abrupt.  A  pure  limestone  :  this  rock  has  no 
connexion  with  the  preceding  stratum,  which  may  be  one  of  several. 
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It  is  parted  from  the  Onondaga- Salt  group  throughout  most  of  Western 
New  York  by  a  few  inches  of  sandstone,  as  already  stated. 

Position. — It  is  seen  at  Cherry  Valley,  &c,  to  dip  south ;  and  it 
is  probable  that  the  dip  increases  at  no  great  distance  from  where 
the  rock  disappears.  This  would  readily  account  for  higher  rocks 
in  the  series  presenting  themselves  at  the  levels  where  we  find  them. 
There  are  also  undulations  (Vanux.  Rep.  p.  134). 

Thickness. — This  varies  from  ten  to  forty  feet,  and  decreases  west- 
wards, the  stratum  being  only  fourteen  inches  thick  at  Black  Rock 

on  the  River  Niagara. 
From  its  varying  thickness,  the  materials  of  this  limestone  must 

have  been  unequally  distributed  over  the  bed  of  the  ocean,  lodging 
in  depressions  of  the  previous  surface ;  or  these  greater  develop- 

ments are  only  local  and  due  to  coral-reefs,  but  whether  circular 
or  straight  is  not  known.  There  was  more  than  a  single  line  of  reef 
(Vanuxem). 

Fossils. — These  have  not  been  properly  arranged.  They  are  nume- 
rous, and  mostly  zoophytes.  This  rock  presents  39  new  or  original 

organisms,  most  of  which  are  Brachiopoda  and  Zoophyta.  It 
receives  2  Zoophytes  and  transmits  1  Monomyarian  mollusc  (Avicula 
pectiniformis,  Hall,  Conrad)  ;  33  of  its  species  perished,  and  are  be- 

come typical.  Hall's  researches  will  alter  these  figures.  In  the 
Upper  Helderberg  group  he  expected,  in  1854,  to  describe  100  spe- 

cies, besides  Bryozoa  and  Zoophytes. 
This  rock  is  frequently  made  up  entirely  of  broken  corals  and 

crinoids,  often  tinted  pink.  It  is,  in  fact,  a  mere  coral-reef  for  large 
spaces.  An  Ichthyodorulite  has  been  found  here,  and  a  Lithoden- 
dron. 

Fossils  occurrent  in  Europe. — Encrinus  Icevis  is  met  with  in  Eng- 
lish Wenlock,  as  well  as  Favosites  alveolaris  (Hall). 

Fossils  recurrent  in  New  York. — These  are  Catenipora  escha- 
roides,  Favosites  alveolaris,  and  F.  gothlandica  from  the  Upper 
Silurian  stage,  together  with  Leptcena  depressa,  which  enters  the 
Corniferous  limestone.  To  these  we  have  only  to  add  the  universal 
Atrypa  reticularis. 

Corniferous  Limestone*. 

Mineral  Character. — Especially  at  the  east  end  of  its  range,  this 
is  a  fine-grained,  compact  limestone,  light  greyish-blue,  dark-blue, 
black,  or  even  drab.  It  contains  hornstone  in  nodules  and  layers, 
sometimes  to  the  exclusion  of  limestone,  as  is  nearly  the  case  at  the 
mouth  of  the  River  Niagara  (north  side),  where  the  layers  are  black 
and  very  rugged.     In  the  higher  parts  of  the  rock  there  is  sometimes 

*  Professor  Rogers  calls  the  Upper  Helderberg  Limestone  of  New  York  (that  is, 
the  Corniferous  and  Onondaga)  the  "  Post-meridian  Series."  He  recognizes  it  as  a 
widely-expanded  marine  limestone,  and  as  the  upper  part  of  the  Cliff  Limestone 
of  the  west.  He  observes,  also,  that  it  contains  nodular  chert,  many  fossils, 
ganoid  Devonian  fish,  Devonian  and  Carboniferous  fossils — Productus  and  Pen- 
tramites, — showing  that  even  Carboniferous  races  tenanted  the  waters  of  the 
Appalachian  post-meridian  sea  (Johnston's  Atlas,  new  edit.  p.  31). 
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no  hornstone.  This  rock  seems  to  Hall  to  be  composed  of  finely- 
levigated  calcareous  mud,  with  much  silex  introduced. 

It  is  distinguished  from  Onondaga  Limestone  by  its  greater  com- 
pactness, by  its  possessing  more  hornstone,  and  having  no  Crinoidea 

nor  Favosites  (Hall) ;  but  as  this  distinction  is  not  always  easily 
made,  the  two  ought  to  be  thrown  into  one  group,  which  would  then 
be  as  useful  and  extensive  an  horizon  as  either  the  Niagara  or  the 

Trenton  (De  Verneuil).  The  so-called  "Seneca  Limestone"  is  the 
top  or  terminal  portion  of  the  Corniferous  (Vanux.  Rep.  144). 

This  is  a  most  persistent  stratum,  and  is  more  uniform  in  mineral 
character  and  extent  than  any  other.  It  therefore  becomes  one  of 
the  best  planes  or  levels  of  reference  in  the  whole  New  York  system 
(Hall).  With  this  rock  terminate  all  the  important  limestones  of  this 
basin,  the  calcareous  deposits  of  higher  position  being  thin  and  local. 
The  subsequent  sediments  are  quite  different  from  that  of  the  Corni- 

ferous limestone  ;  and  so,  for  the  most  part,  are  the  organic  remains. 

R.  C.  Taylor  (Statistics  of  Coal)  notices  the  existence  of  petroleum- 
ponds  in  this  rock  near  London,  Canada  West. 

TransUion. — It  is  intimately  connected  with  Onondaga  Limestone  ; 
they  graduate  into  each  other. 

Place. — It  extends  across  New  York  from  the  Helderberg  Moun- 
tains to  the  River  Niagara  and  westwards. 

Resting  upon  Onondaga  Limestone,  and  supporting  Marcellus  Shale, 
the  Corniferous  limestone  is  co-extensive  with  them  in  New  York. 

It  passes  into  the  west  from  the  mouth  of  the  River  Niagara,  along 
the  north  side  of  Lake  Erie,  in  a  broad  belt  which  is  projected  north- 

westwardly into  Lake  Huron  and  the  countries  W.S.W.  of  that  body 
of  water,  and,  bifurcating,  is  again  continued  from  the  S.W.  side  of 
Lake  Erie  southwards  into  Ohio  and  Illinois,  in  both  which  great 

States  this  rock  takes  its  proper  place  as  a  Lower  Devonian  lime- 
stone of  vast  extent. 

Like  Onondaga  Limestone,  this  rock  has  been  greatly  denuded,  as 
about  the  Rivers  Genesee  and  Niagara.  The  Lakes  Seneca  and  Cayuga 
also  have  been  hollowed  out  of  it,  the  hollow  extending  dry  for  many 
miles  north  of  the  first-named  lake.  Three  miles  south  of  the  village 
of  Seneca  Falls,  this  limestone  is  broken  by  faults,  partly  from 
denuding  violence,  and  partly  by  the  removal  of  subjacent  gypseous 
beds  (?)  (Hall,  Rep.  p.  161). 

Position. — Corniferous  limestone  has  a  general  dip  to  the  south- 
west, and  at  one  place  at  the  rate  of  27  feet  to  the  mile  (Vanuxem, 

Rep.  p.  141). 
Thickness. — The  maximum  is  80  feet  in  New  York  according  to 

one  authority,  but  71  feet  according  to  Hall ;  and  usually  it  is  much 
less. 

Fossils. — Fossils  are  few  here,  and  are  mostly  molluscs  (Hall, 
Rep.  p.  163). 

The  deposition  of  this  limestone  was  the  commencement  of  a 
change  by  which  the  sea  became  too  deep  for  corals.  Those  coral- 
banks  which  had  been  formed  in  the  Onondaga  limestone  were  then 
buried  by  calcareous  mud  derived  from  other  quarters. 
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Corniferous  Limestone  gives  us  forty  original  forms  ;  and  receives 
only  four  Brachiopoda  (Leptcena  depressa,  L.  crenistria,  Orthis  tul- 
liensis,  and  Spirifer  cultrijugatus)  and  one  Trilobite  (Phacops 
macrophthalmus) .  It  transmits  seven  Brachiopoda  and  four  other 
molluscs. 

Thirty-four  fossils  remain  typical,  chiefly  Brachiopoda  and  Gaste- 
ropoda. Among  these  are  Odontocephalus  selenurus  of  Green  (at 

Auburn),  and  Calymene  crassimarginata — occurring  in  the  higher 
parts  of  the  group,  where  there  is  no  hornstone.  There  the  fossils 

most  prevail. 
The  organic  remains  of  the  Onondaga  and  Corniferous  limestones 

do  not  intermingle,  but  remain  quite  distinct,  as  far  as  is  at  present 
known,  although  those  two  sets  of  strata  are  so  closely  connected  and 
so  similar  in  composition.  For  further  details  the  reader  is  referred 
to  Tables  VII.  and  VIII. 

Fossils  occurrent  in  Europe. — There  is  a  Cyrtoceras  like  those  of 
Devonshire  (De  Verneuil),  besides  thirteen  other  invertebrates  com- 

mon to  New  York  and  Europe.     They  are — 

Halysites  catenulatus   De  V.  M'Coy   Russia,  Ireland,  &c. 
Chonetes  nana      De  V.   Russia  (Devonian). 
Leptaena  depressa    Sharpe      Sweden,  England. 
Orthis  crenistria   De  V.   Europe. 
Productus  subaculeatus   De  V.    Russ.,  France  (Dev.). 
Spirifer  cultrijugatus   De  V.   Eifel  (Dev.). 
  heteroclytus    De  V.    Russ.,  Eng.  (Dev.). 
  mucronatus     De  V.    England  (Dev.). 
Terebratula  aspera   De  V.   France  (Dev.). 
  concentrica     De  V.   Russia,  Rhine. 
Atrypa  reticularis    De  V.,  Sharpe   Europe. 
Bellerophon  striatus   De  V.   Europe  (Dev.). 
Lucina  proavia     De  V.    Europe. 

Fossils  recurrent  in  New  York. — The  sympathies  of  Corniferous 
limestone  are  principally  with  the  Hamilton  and  Chemung  groups. 

The  recurrency  of  Devonian  fossils,  as  affecting  this  rock,  is  repre- 
sented in  Tables  IX.  and  X.  (the  several  mineral  groups  with  which 

it  has  no  palseontological  connection  are  omitted).  The  relations  of 
this  stratum  as  to  fossils,  it  will  be  seen  by  Table  X.,  are  all  with  the 

upper  sections,  save  in  one  instance. 

Marcellus  Shale*. 

(The  Black  Shale  of  Kentucky,  Ohio,  and  Indiana.) 

Mineral  Character. — This  shale  ought  to  be  divided  into  two 
parts  (Vanuxem,  Hall).     The  lower  part  is  a  very  black  bituminous 

*  Professor  Rogers  thus  describes  the  Marcellus  Shale  of  New  York,  as  it  is 
continued  into  Pennsylvania  and  further  south.  It  is  there,  according  to  him,  a 
black  and  highly  bituminous  slate,  graduating  upwards  into  a  dark-blue  argilla- 

ceous shale,  surmounted  occasionally  by  greenish  sandy  shales.  A  thin  argilla- 
ceous limestone  generally  occurs  at  the  bottom  of  the  black  slate  in  Pennsylvania, 

Virginia,  and  Tennessee. 
The  fossils  of  this  shale  comprise  numerous  species  of  mollusca  and  other 

marine  forms,  several  of  which  are  identical  with  the  Devonian,  and  Carboniferous 
species  of  Europe,  many  being  found  in  no  other  rock.  Goniatites  and  other 

Carboniferous  genera  characterize  Marcellus  Shale  (Johnston's  Atlas,  loc.  cit.). 
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slate,  full  of  iron-pyrites,  with  calcareous  concretions  here  and  there, 
and  courses  of  septaria,  and  has  a  strong  general  resemblance  to 
Utica  Slate  or  Genesee  Slate.  This  part  ends  upwards  by  a  thin 
band  of  limestone. 

The  upper  portion  above  this  is  a  more  fissile  slate,  of  an  olive-  or 
dark  slate-colour.  Both  these  divisions  thin  off  westwards  and  south- 
westwards. 

At  the  eastern  commencement  of  this  rock,  its  lithological  cha- 
racter is  similar  throughout  the  whole  mass  ;  but,  as  we  proceed  west- 

wards, we  perceive  a  gradual  separation  of  constituents, — the  more 
shaly  portions,  with  some  calcareous  matter,  taking  the  lower  posi- 

tion, while  the  sandy  and  slaty  parts  hold  the  higher  place.  This 
occurs  up  to  near  the  River  Mississippi. 

The  fine  mud  composing  this  rock,  together  with  the  nature  and 
delicate  state  of  the  fossils,  show  that  this  stratum  was  deposited  at 
a  quiescent  period. 

Transition. — The  change  from  Corniferous  limestone  is  everywhere 
abrupt.  A  black  argillaceous  slate  is  laid  down  at  once.  The  fos- 

sils of  the  subjacent  limestone  are  absent. 
Place. — It  extends,  east  and  west,  through  New  York,  with  a 

varying  but  narrow  breadth,  from  near  the  River  Hudson  to  Lake 
Erie.  A  long  strip  of  it  proceeds  from  Lake  Erie,  S.S.W.  into  Ten- 

nessee, in  its  proper  stratigraphical  position  ;  and  it  is  seen  alone  (the 
Hamilton  group  having  thinned  out)  at  Canary  Fork  and  the  Har- 
peth  Hills  near  Nashville  in  Kentucky,  as  well  as  near  to  and  S.W. 
of  Louisville  and  at  New  Albany,  Indiana.  Small  portions  of  coal 
and  much  bitumen  have  been  found  at  some  of  these  places.  This 
shale  is  seen  to  rest  on  Corniferous  limestone  at  Oneida  Creek  and  at 
Marcellus. 

Thickness. — This  is  150  feet  in  Central  New  York,  30  feet  in 
Western  New  York,  and  still  less  on  the  north-west  frontier  of 
Pennsylvania  about  Lake  Erie.  In  Pennsylvania,  more  to  the  south, 
the  greatest  thickness  is  300  feet  (H.  D.  Rogers). 

Fossils. —  In  the  upper  parts  of  this  shale  fossils  are  few ;  and 
these  principally  in  the  calcareous  concretions. 

Our  accounts  of  fossils  in  this  and  the  other  Devonian  strata  are 

merely  provisional,  awaiting  the  appearance  of  James  Hall's  new 
volumes.  At  present  we  have  to  state  that  Marcellus  Shale  pro- 

duces twenty- two  original  species,  chiefly  Brachiopoda.  It  receives 
but  one  fossil,  a  Brachiopod ;  transmits  five ;  eighteen  remaining 
typical.  It  contains  some  remarkable  organisms.  The  charac- 

teristic genus  Goniatites  now  appears  for  the  first  time.  Desor  (Bull. 
S.  G.  France,  2  ser.  ix.  p.  314)  says  that  in  the  black  schists  over 
the  cliff-limestone  (equivalent  to  Marcellus  and  Genesee  Slates)  Mr. 
Christie  found  many  kinds  of  Goniatites,  which  Mr.  Hall  thinks 
identical  with  those  of  the  Carboniferous  limestone  of  Europe. 

One  has  been  named  Goniatites  Marcellensis ;  but  it  is  from  the 

lower  part  of  the  stratum  in  New  York. 
The  genus  Lingula  reappears  here  ;  there  are  also  a  Productus,  a 

new  Tentaculites,  two  Orthocerata,  and  the  Dipleura  Dekayi. 
VOL.  XIV.   PART  I.  2  C 
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Vanuxem  found  smooth  arborescent  fucoids  in  this  group. 
Fossils  occurrent  in  Europe. — There  is  only  one,  Productus  sub- 

aculeatus  (De  Vern.).     It  is  both  in  Russian  and  Rhenish  Devonian. 
Fossils  recurrent  in  New  York. — Almost  its  only  relations  (and 

they  are  npt  close)  are  with  the  Genesee  Slate,  to  which,  though  not 
near  in  place,  its  mineral  composition  is  very  similar ;  Tentaculites 
Jissurella,  Leptcena  (Stroph.)  setigera,  and  Avicula  fragilis  are  the 
only  species  common  to  the  two  groups. 

The  highly  fossiliferous  group  (the  Hamilton)  has  only  one  Mar- 
cellus  fossil,  the  Homalonotus  Dekayi ;  and  according  to  Hall  it  is 
rare. 

Hamilton  Group*. 

Mineral  Character. — This  group  may  be  called  a  great  develop- 
ment of  dull-olive  or  bluish-grey  calcareous  shales,  weathering  grey 

or  brownish.  It  consists  of  shale  and  sandstone  in  endless  mixture, 
in  three  distinct  mineral  masses  as  to  kind,  the  sandy  portions 
being  generally  in  the  middle  (Vanuxem).  Concretions  or  septaria 
are  common  in  every  part  of  this  group,  in  well-defined  forms 
gathered  round  a  nodule  of  iron-pyrites  or  some  organic  body  (Hall). 

The  three  portions  into  which  this  group  has  been  rightly  divided 
are,  beginning  from  above, — 1st,  the  Moscow  Shales ;  2nd,  Encrinal 
limestone  ;  and  3rd,  the  Ludlowville  Shales  (often  called  Skeneateles 
and  Olive  Shales). 

The  Moscow  Shales  are  dark-blue,  finer  and  more  calcareous  than 
the  others,  and  very  like  the  Niagara  Shales  of  Central  New  York. 

They  terminate  upwards  in  the  Tully  Limestone,  soon  to  be  men- 
tioned ;  and  they  contain  septaria. 

The  Encrinal  Limestone  is  impure,  tough,  brown,  and  full  of 
Echinodermata.  It  is  persistent  and  always  found  on  the  same 
horizon. 

The  Ludlowville  Shales  differ  from  the  above  in  being  sandy. 
James  Hall  (Report,  p.  165)  makes  the  following  useful  remarks 

on  this  group  : — "  Although  this  group  is  so  widely  and  evenly  dis- 
tributed, and  of  uniform  character  over  the  western  part  of  the  State, 

still  at  its  eastern  extremity  the  lithological  character  is  widely  dif- 
ferent. The  shales  are  more  or  less  arenaceous ;  and  some  parts  are 

well-marked  sandstone.  The  proportion  of  siliceous  and  argillaceous 
earth  is  nearly  reversed  from  what  it  is  in  the  same  rocks  further 
west.  The  mass  varies  from  sandy  shale  to  shaly  sandstone,  and 
even  tolerably  pure  sandstone.  This  character  gradually  changes  to 

the  westward, — the  sand  diminishing,  and  the  clay  increasing. 
"The  features  presented  by  this  group  at  its  two  extremes  and 

along  its  whole  length  offer  one  of  the  most  instructive  exhibitions 
of  the  varying  character  of  mechanical  deposits.  The  facts  prove  the 

origin  of  the  materials  to  have  been  at  the  east  or  south-east. 
"  The  force  of  the  current  which  drifted  them  into  the  ocean  was 

*  Professor  H.  D.  Rogers  characterizes  this  group,  as  he  met  with  it  in  Penn- 
sylvania, as  a  bluish-grey,  brownish,  and  olive-coloured  sandstone,  sometimes  cal- 

careous (Atlas,  Johnston). 
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sufficient  only  to  carry  on  the  coarser  particles  to  a  certain  distance, 
where  they  were  deposited.  The  finely  levigated  mud  was  carried 
beyond  this  point,  being  floated  by  less  force  than  the  sand. 

"  Some  portion  of  the  clay  was  deposited  with  the  sand  toward  the 
central  part  of  the  State  ;  and  but  little  of  the  latter  extended  beyond 
this  point.  Finally  the  current  became  more  gentle,  and  the  clay 
was  deposited  to  a  certain  extent,  beyond  which  the  power  of  the 
current  was  insufficient  to  carry  even  this  material ;  and  the  deposit 

consequently  thinned  out  in  that  direction." 
Transition. — This  is  very  gradual,  and  from  the  Marcellus  Shale. 

In  fact,  Prof.  H.  D.  Rogers,  with  the  sanction  of  all  American  geo- 
logists, has  included  within  one  and  the  same  series  Marcellus  Shale, 

the  Hamilton  group,  and  Genesee  Slate,  and  has  named  them  the 
"  Cadent  series." 

Place. — It  is  seen  to  rest  on  Marcellus  Shale  in  numberless  places, 
among  which  are  Varick  and  Fayette  townships  in  Seneca  County, 
and  on  Flint  Creek,  Ontario  County. 

If  we  leave  the  territory  of  New  York,  the  extent  of  the  Hamilton 
group  is  enormous,  and  far  beyond  any  profitable  details. 

Taking  our  departure  from  Coeymans,  a  village  on  the  Hudson 
River,  we  trace  its  eastern  outcrop  for  244  miles  southwards  to  Or- 
wigsburg. 

From  Coeymans,  again,  following  the  northern  outcrop  westwards, 
it  stretches  across  New  York,  and  by  Buffalo  to  South  Harbour  on 

Lake  Michigan,  a  distance  of  913  miles, — while  it  forms  a  belt  of  1000 
miles  in  length  around  the  Illinois  Coal-field.  But  this  is  not  all ; 
it  takes  its  proper  place  among  Devonian  groups  in  vast  prolonged 
stripes  throughout  Ohio,  Kentucky,  and  Tennessee. 

In  Eastern  New  York  the  Hamilton  group  passes  through  the 
counties  of  Sullivan,  Ulster,  Greene,  Albany,  Schoharie,  and  Otsego. 
In  Central  New  York  it  is  entirely  confined  to  the  counties  of  Otsego, 
Madison,  Onondaga,  Cayuga,  Herkimer,  Oneida,  Courtland,  Che- 

nango, and  Tompkins.  In  the  first  four  of  these  last  it  covers  much 
surface — one-half  of  Madison  ;  in  the  last  five,  very  little.  In  Western 
New  York  it  traverses  the  counties  of  Ontario,  Livingstone,  Genesee, 
and  Erie. 

Position. — It  is  conformable  with  its  associate  strata ;  but  the  hard 

blue  shale  of  this  group  about  Kidder's  Ferry  is  distinctly  seen  to 
rise  and  fall  in  undulations  (Hall). 

Thickness. — In  the  east  of  New  York  it  is  1000  feet  thick  (De 
Verneuil).  In  the  central  and  western  parts  of  the  State  it  varies 
from  700  to  300  feet  (Hall  and  Vanux.) ;  but  it  always  thins  west- 

wards, and  especially  from  the  River  Genesee.  On  the  shore  of  Lake 
Erie  it  is  not  half  as  thick  as  at  Lake  Seneca  (Hall,  Report,  p.  187). 
Its  greatest  thickness  in  Pennsylvania  is  600  feet,  according  to 
Rogers.  This  group  has  suffered  much  denudation.  The  valleys  of 
Seneca  and  Cayuga  Lakes  are  palaeozoic  excavations  in  these  shales 
for  more  than  half  their  length. 

Fossils. — The  fossils  of  the  Hamilton  group  are  remarkable  for 
their    great   numbers   and   exquisite   perfection.     We  seem   to  be 

2  c  2 
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culling  them  from  the  dried  ocean-mud,  so  much  do  these  soft  shales 
resemble  the  mud-deposits  on  the  bays  and  shores  along  the  sea- 

side. It  is  so  rich  because  its  mineral  character  undergoes  constant 
variation.  In  the  east  of  New  York,  many  of  the  fossils  of  this  group 
enter  the  Chemung,  their  lithology  being  there  much  the  same,  which 
is  not  the  case  further  west  and  south-west. 

James  Hall,  in  1854,  expected  to  find  in  the  Hamilton,  Portage, 

and  Chemung  groups  300  species, — or  double  that  number,  if  the 
investigation  were  pursued  in  the  Western  Counties  as  well  as  in  New 
York.     They  are  at  present  known  to  be  155. 

In  the  east  of  New  York,  this  group  abounds  with  Avicula  (14 
species  out  of  33,  New  York  Devonian),  Cypricardia  (14  out  of  the 
20,  Devonian),  and  Nucula  (10  out  of  12,  Devonian), — while  at  the 
west  end  of  the  State  they  are  very  rare,  and  are  replaced  by  abun- 

dance of  Spiriferi  and  Atrypce ;  and  this  from  change  of  habitat. 
Some  of  the  more  abundant  Corals  of  Marcellus  Shale  are  here, — new 
forms,  however,  being  plentiful,  and  vastly  so  the  Brachiopoda  and 
Dimyaria. 
We  have  here  127  creations  or  new  appearances.  Among  these  are 

47  Brachiopoda.  There  are  22  Monomyaria,  30  Dimyaria,  5  Trilo- 
bites,  11  Gasteropoda,  and  6  Zoophyta  (see  Tables  VII.  and  VIII.). 

A  terrestrial  plant  has  been  found  in  this  group,  near  Cooper's 
Town  ;  its  first  appearance  in  the  New  York  Basin  (Hall). 

There  are  marine  plants  also ;  but  they  have  not  been  described, 
except  the  singular  Fucoides  Caudagalli.  The  genera  of  some  of  the 
Corals,  Molluscs,  and  Trilobites  are  the  same  as  those  in  the  Niagara 
group :  but  this  would  seem  to  prove  little ;  for  the  genus  Tellina 
appears  to  run  through  ten  formations,  from  Upper  Silurian  to  the 
recent  period,  and  the  genus  Cardium  through  twenty-two  (Morris). 

A  ridged  Posidonomya  is  found  on  both  sides  of  Lake  Otsego. 
The  Acephala  are  many  and  fine.  Agelacrinites  Hamiltonius  is  said 
to  have  been  found  at  Hamilton  (Vanuxem) .  In  North  America  there 
are  several  species  of  this  curious  animal  (according  to  Mr.  Billings, 
the  palaeontologist  of  the  Canadian  Geological  Survey),  one  of  which, 
the  A.  Buchii,  was  found  by  me  many  years  ago  in  Trenton  Limestone 
at  Hull,  near  Ottawa,  Upper  Canada.  We  have  Goniatites  punctatus, 
and  the  first  New  York  Inoceramus  (oviformis).  An  Asterias  from 
this  group  is  quite  different  from  those  of  the  Lower  Silurian  stage, 
or  of  the  present  seas,  in  having  the  plates  perforated  by  pores,  the 
pores  not  passing  between  the  plates  (Hall). 

This  group  was  evidently  produced  in  quiet  times.  There  were  no 
disturbances,  uplifts,  currents,  or  high  waves.  The  deposit  was 
made  too  deep  to  be  reached  by  surface-waves,  except  perhaps  in 
particular  places  (Hall).  Its  muddy  bottom  suited  the  Lamellibran- 
chiata  well. 

Some  beds  of  limestone  in  the  middle  of  the  Hamilton  group  are 
entirely  filled,  on  Lake  Skeneateles,  with  Cystiphyllum  and  Cyatho- 
phyllum  (Hall). 

The  same  group  of  fossils  is  often  maintained  exclusively  for  many 
miles,  as  on  the  south  shore  of  Lake  Erie,  where  there  is  a  thin  stra- 
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turn  made  up  of  Cypricardia,  Turboy  Bellerophon,  and  Orthocerata, 
without  any  other  Mollusc.  It  is  a  continuation  of  a  like  stratum  on 
the  east,  but  with  other  shells  superadded.  Apparently  there  were 
distinct  periods  of  formation  (Hall). 

Fossils  typical. — These  are  131,  and  they  are  principally  Brachio- 
poda  and  Lamellibranchiata. 

Fossils  occurrent  in  Europe. — They  are  38  in  number  in  this 
single  and  imperfectly-examined  group.  They  represent  most  of  the 

genera. 
Of  these  38  species,  21  are  members  of  the  Devonian  system  in 

their  respective  countries,  2  belong  to  the  Wenlock  Limestone,  and  1 
to  the  Upper  Ludlow.  The  remaining  14  have  not  yet  been  pro- 

perly traced.  It  is  easy  nevertheless  to  perceive  that  the  Hamilton 
group  represents  the  Devonian  system  in  Europe ;  but  the  particular 
stage  to  which  it  best  refers  has  yet  to  be  ascertained. 

Fossils  recurrent  in  New  York. — For  particulars,  see  the  Table  of 
Devonian  Recur rency  in  New  York. 
We  observe  here,  that  of  the  29  recurrents  of  this  group,  none 

come  from  its  immediate  predecessor.  Eight  are  derived  from  the 
Corniferous  Limestone,  although  usually  the  mineral  constitutions  of 
the  rocks  differ. 

Eighteen  Hamilton  fossils,  out  of  1 9  which  pass  upwards,  are  found 
again  in  the  Chemung  group,  mineralogically  a  very  similar  set  of 
strata.     Only  one  species  proceeds  into  the  Tully  Limestone. 

The  Hamilton  maintains  more  frequent  relations  with  the  neigh- 
bouring groups  than  any  other,  both  upwards  and  downwards ;  but, 

unlike  the  Onondaga  and  Tully  Limestones,  &c,  none  of  its  fossils 
are  recurrents  from  the  Silurian  system. 

Tully  Limestone. 

Mineral  Character. — This  stratum  marks  prominently  the  end  of 
the  fossiliferous  shales  of  the  Hamilton  group  ;  but,  being  so  slender, 
small,  and  barren,  it  scarcely  deserves  a  separate  denomination. 

It  is  a  thick-bedded  deposit,  close-grained  and  compact  in  parts. 
It  is  often  a  mixture  of  shaly  and  calcareous  matter, — the  latter  pre- 

vailing, and  often  sole.  The  usual  colour  of  this  rock  is  blue  or 
nearly  black. 

Tully  Limestone  is  the  last  Devonian  stratum  in  which  lime  forms 
an  essential  part, — the  lithological  character  of  the  products  above 
being  similar  throughout,  and  different  from  those  below. 

This  contrast  of  character  is  more  marked  toward  the  west  end  of 

New  York  (Hall)  than  it  is  further  east ;  and  finally  on  its  eastern 
extreme  there  is  a  greater  mineral  similarity.  Here  a  few  Lower  De- 

vonian fossils  creep  into  the  uppermost  group  of  Middle  Devonian 
(Hall,  p.  213). 

Place. — Tully  Limestone  only  occupies  a  small  part  of  the  State ; 
and  is  particularly  well  seen  on  the  Cayuga  and  Seneca  Lakes,  undu- 

lating along  their  shores  in  broad  low  arches.  It  commences  in  the 
east,  near  Smyrna,  Chenango  County,  and  is  seen  no  further  west 
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than  Lake  Canandaigua,  about  100  miles  distant.  Hall  (Report, 
p.  212)  found  that  it  thins  gradually  out,  west  from  the  village  of 
Tully,  in  Onondaga  County.  In  his  district,  this  rock  is  first  ob- 

served on  the  west  shores  of  Lake  Cayuga,  for  many  miles,  being 
continuous ,  from  the  last-named  body  of  water  to  Lake  Seneca,  and 
to  the  outlet  of  Crooked  Lake. 

Transition. — Tully  Limestone  rests  distinctly  on  the  Hamilton 

group.  Besides  other  instances,  this  occurs  near  De  Ruyter's  Mills, 
and  at  the  beautiful  section  on  Lake  Cayuga  given  by  Hall  (Report, 
p.  211).  The  transition  is  abrupt  in  the  west,  but  more  gradual  in 
the  east,  the  two  strata  assimilating  in  mineral  and  fossil  character. 

Position. — It  dips  gently  to  the  S.W.,  with  broad  undulations, 
which  are  very  visible  on  Lake  Cayuga,  and,  more  northerly,  at 

Kidder's  Ferry,  rising  and  falling  with  the  immediately  underlying blue  hard  shales. 

Thickness. — Vanuxem  finds  it  to  be  14-20  feet  in  Central  New 
York ;  westward  of  this  it  becomes  less  than  10  feet,  and,  as  already 
said,  it  dies  out  near  Tully  Village. 

Fossils. — This  rock  contains  very  few  fossils,  and  therefore 
marks  with  distinctness  the  end  of  the  fossiliferous  shales  of  the 

Hamilton  group.  A  few  forms,  however,  from  below  make  their  way 
into  it. 

With  the  end  of  Moscow  Shales  (Hamilton),  the  great  mass  of 

the  fauna  of  that  group  perished ;  and  for  a  long  period  the  ocean- 
bed  appears  to  have  been  without  life,  save  a  few  creatures  in  Tully 
Limestone  and  Genesee  Slate.  Living  existences  only  return  near 
the  summit  of  Genesee  Slate,  and  go  on  increasing,  until,  in  the 
upper  part  of  the  Chemung  group,  the  ocean  is  crowded  with  life. 

The  fossils  of  the  Tully  Limestone  are — 

Strophomena  linearis.  Atrypa  prisca. 
Orthis  resupinata.    reticularis. 
Rhynchonella  cuboides  ?  Orthis  resupinata. 
Atrypa  affinis.  Avicula  reticulata. 
  didyma?    signata? 
  lentiformis,  var.  Calymene  marginalia. 

Tully  Limestone  originates  4  Brachiopoda,  1  or  2  Aviculce,  and  a 
Trilobite.  It  neither  receives  nor  transmits,  except  in  Brachiopoda ; 
all  of  them  very  recurrent.     Of  these  it  receives  6  and  transmits  2. 

It  is  not  easy  to  account  for  this  absence  of  life  in  Tully  Limestone. 
Further  light  may  be  expected  from  James  Hall. 

Fossils  occurrent  in  Europe. — It  is  remarkable  that  four  out  of  the 
thirteen  fossils  of  the  Tully  Limestone  (so  far  as  yet  known)  are 

European,  namely — 

Orthis  resupinata,  Phill.  (O.  Tulliensis) :  Carbonif.-Lim., 
England  and  Ireland. 

Rhynchonella  cuboides?  Phill.  :  Dev.  England. 
Atrypa  didyma?,  Sharpe:  England. 
Avicula  reticulata,  Conrad  :  Europe. 
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This  is  a  remarkable  approximation  for  localities  so  very  distant,  and 
in  so  insignificant  a  stratum. 

Fossils  recurrent  in  New  York. — These  are  only  three  or  four. 
A.  affinis  and  A.  reticularis  are  both  found  in  the  Clinton  group  of 
Silurian  date,  while  A.  prisca  is  Devonian  strictly,  as  we  find  it  only 
in  the  Hamilton  and  Chemung  groups. 

Fossils  typical. —They  are  three  or  four  : — Orthis  resupinata  (and 
perhaps  Rhynchonella.  cuboides),  Avicula  reticulatay  and  A.  signata 
(Hall),  with  Calymene  marginalis. 

Genesee  Slate. 

Mineral  Character. — In  New  York  (Hall,  Rep.  p.  218),  it  is  a 
great  development  of  argillaceous  fissile  black  slate,  in  colour  and 
general  character  much  resembling  Marcellus  Shale.  It  contains 
concretions  or  septaria  in  one  or  more  layers.  Mineralogically  and 
palseontologically,  this  rock  is  everywhere  the  same,  on  Lake 
Cayuga  or  Lake  Erie.  From  the  fineness  of  its  particles  and  its 
mineral  uniformity,  this  slate  must  have  been  deposited  at  a  qui- 

escent period.  Near  Ludlow  Village,  it  contains  two  narrow  veins, 
composed  of  a  mixture  of  serpentine  and  limestone,  somewhat  like  a 
trap-rock :  there  are  two  similar  veins  near  the  Second  Falls  at  this 
village  (Vanuxem). 

Prof.  Rogers  finds  this  set  of  slates  to  be  brownish  or  bluish-black, 

and  very  fissile  in  Pennsylvania  (Johnston's  Atlas). 
Transition. — This  is  not  mentioned  in  the  New  York  Reports,  as 

far  as  I  can  find. 

Position. — Conformable  with  the  surrounding  sedimentary  strata. 
Place. — It  is  not  seen  to  the  east  of  Smyrna,  Chenango  County ; 

but  it  extends  westwards  through  the  counties  of  Seneca,  Yates, 
Ontario,  &c,  to  Lake  Erie,  in  the  neighbourhood  of  which  it  thins 
off  and  disappears. 

It  rests  on  Tully  Limestone  at  Kidder's  Ferry,  Lake  Cayuga,  and 
at  Crooked  Lake,  and  on  the  Moscow  Shales  of  the  Hamilton  group 
(Hall). 

Thickness. — On  Seneca  Lake  and  in  the  county  of  Ontario,  this  is 
150  feet ;  but  on  Lake  Erie  it  is  only  27  feet.  It  is  300  feet  thick  in 

Pennsylvania  according  to  Prof.  Rogers  (Johnston's  Atlas). 
Fossils. — The  fossils  found  in  this  State  are  only  ten,  according  to 

published  statements ;  and  all  these  occur  about  the  summit.  They 
are, — 

Tentaculites  fissurella.  *Orthis  quadricostata. 
*Lingula  concentrica.  Atrypa  quadricostata. 
*   spatulata.    reticularis. 
*Orbicula  Lodensis.    didyma? 
Leptsena  (Stroph.)  setigera.  Avicula  fragilis. 

The   fossils  marked  with   an    *   occur   on  Lake  Cayuga,  and  are 
typical. 

This  stratum  has  considerable  fossil-relations  with  Marcellus  Shale, 
as  may  be  seen  on  referring  to  Tables  VIII.  and  IX. 
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Genesee  Slate  gives  us  six  original  Invertebrates,  four  being  Bra- 
chiopoda,  together  with  a  well-defined  leaf  of  grass  or  sea-weed,  with 
a  smooth  surface  6  inches  long  by  -jl-th  of  an  inch  broad ;  Vanuxem 
also  found  this  grass- like  plant  in  the  Portage  group. 

Prof.  Rogers  mentions  in  the  Pennsylvanian  continuation  of  this 
stratum  numerous  small  and  delicate  Molluscs,  chiefly  of  Devonian, 
but  some  of  Carboniferous,  genera.  It  also  there  contains  a  terrestrial 
vegetation  generically  identical  with  the  Coal-measures. 

Fossils  occurrent  in  Eurojje. —  We  only  know  of  one,  the  Orbicula 
Lodensis,  Hall. 

Fossils  recurrent  in  New  York. — Five  connect  this  rock  with  its 
near  relation  Marcellus  Shale.  Two  other  fossils  (Atrypa  didyma 
and  A.  reticularis)  are  received  from  the  Clinton,  Onondaga-Salt,  and 
other  Silurian  groups,  assisting  therefore  to  establish  the  connexion 
between  the  different  parts  of  the  palaeozoic  systems. 

Fossils  typical. — These  are  four.  They  are  marked  with  an  *  in 
the  above  list. 

Portage  Group  (or  Nun  da). 

Mineral  character. — It  is  an  extensive  development  of  argillaceous 
and  sometimes  micaceous  shales  and  flagstones,  and,  finally,  of  some 
thick-bedded  sandstones  towards  its  upper  part.  Like  all  the  me- 

chanical deposits  of  this  system  in  New  York  State,  it  is  very  variable 
at  different  parts. 

Shales  and  sandstones  compose  the  whole.  In  the  lower  part, 
these  are  more  equally  intermingled,  and  the  sandstone  is  finer, — while 
higher  up,  the  sand  is  coarser,  and  there  is  less  shale. 

It  has  been  divided  into  three  parts,  beginning  from  below,  as 
follows : — 

a.  Cashaqua  Shale. — This  division  is  worthy  of  a  separate  name, 
and  is  called  after  the  Creek  Cashaqua.  It  is  there  a  green,  soft, 
argillaceous  rock,  which  crumbles  into  tenacious  clay.  It  contains 
calcareous  concretions. 

b.  Gardeau  Shale  and  Flagstones. — These,  placed  above  the  Ca- 
shaqua Shales,  are  a  great  accumulation  of  green  and  black  slaty 

and  sandy  shales,  with  thin  layers  of  sandstone. 
c.  Portage  Sandstones  consist  of  thick-bedded  sandstones  with 

little  shale.  The  lower  part  is  of  thinner  sandy  layers  with  more 
shale.  Its  thick-beddedness  and  the  abundance  and  variety  of  its 
fucoids  (some  vertical)  may  perhaps  justify  the  separation  of  this 
group  from  the  rocks  below  :  but  it  is  only  in  the  State  of  New  York 
that  the  Portage  group  ends  with  these  thick-bedded  sandstones ;  it 
is  not  so  in  the  Western  States,  Illinois,  Indiana,  Ohio,  &c.  In- 

deed all  these  palaeozoic  rocks,  as  before  said,  vary  greatly  with  place. 
In  one  locality  the  line  of  division  among  its  parts  is  clear,  at  another 

obscure,  or  very  gradual*. 
The  materials  of  the  Portage  group  (Hall,  Rep.  p.  254)  came  from 

*  Prof.  Rogers  (Johnston's  Atlas)  defines  the  Portage  group,  as  met  with  in 
Pennsylvania,  to  be  a  rather  fine-grained  grey  sandstone,  in  thin  layers  or  flags, 
and  parted  by  thin  bands  of  soft  blue  shale. 
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the  east  of  Central  New  York,  and  probably  from  the  south-east,  as 
is  evident  from  the  thinning  of  the  deposits,  and  the  diminution  of 
the  sandy  strata,  towards  the  west.  The  increase  of  shale  westwardly 
proves  the  same  thing,  it  being  lighter  and  more  transportable.  This 
is  a  mere  repetition  of  what  took  place  in  the  sediments  of  the  Hamil- 

ton group. 
That  the  sea  was  alternately  shallow  and  deep  is  proved  (Hall)  at 

every  step  among  these  strata. 
The  ripple-marks  and  diagonal  lamination  seen  here  are  not  met 

with  in  the  dark-  and  light-green  argillaceous  shales,  because  they 
were  laid  down  in  deep  water.     These  shales  are  very  homogeneous. 

The  sands  were  deposited  in  shallows  ;  and  the  occasional  diagonal 
lamination  shows  that  the  sand  has  been  pushed  over  an  inclined 

plane.  The  shrinkage-cracks  are  not  so  large  as  those  in  the  Medina 
Sandstone.  There  are  casts  of  flowing  mud  at  Portage  on  the  banks 

of  the  River  Genesee,  as  well  as  mud-furrows  and  striee.  Many  of 
the  ripple-marks  have  the  appearance  of  having  been  caused  by  a 
chopped  sea,  from  the  current  opposing  the  wind,  the  ripples  being 
short,  interrupted,  and  irregular. 

Place. — The  threefold  group  of  Portage  is,  in  truth,  the  lower 
portion  of  the  Chemung,  the  next  set  of  strata.  They  have  been 
separated,  without  very  good  reason,  on  account  of  the  total  absence 
from  the  Portage  of  the  Chemung  fossils  (save  Clymenia  complanata 
and  perhaps  Atrypa  reticularis),  the  great  rarity  of  Invertebrates  of 
any  kind,  and  the  finer  grain  of  its  sandstone  (Hall) .  The  Portage  and 
Chemung  groups  always  accompany  each-  other,  and  undergo  the 

same  changes.  For  information,  therefore,  as  to  "  Place,"  the  reader 
is  referred  to  the  description  of  the  last-mentioned  group. 

Transition. — Hall  says,  very  accurately,  that  there  is  no  abrupt 
mineral  change  in  any  of  the  rocks  from  the  end  of  Tully  Limestone 
to  the  top  of  the  Chemung.  The  Portage  group  rests  upon  Genesee 
Slate,  as  at  Cayuga  ;  and  the  transition  is  gradual. 

Position. — This  rock  dips  very  gently  to  the  south  or  south-west ; 
— or  is  horizontal  (Hall). 

Thickness. — This  averages  1000  feet ;  but  the  rock  thins  off  to  the 
west,  with  the  rest  of  its  associate  strata.  It  is  thickest  on  the 
Genesee  River. 

Fossils. — The  fossils  of  this  group  present  some  important  pecu- 
liarities, induced  probably  by  either  depth  or  temperature. 

There  are  many  marine  plants ;  but  only  two  are  distinguished 
(Hall),  namely,  the  Fucoidea  graphica  and  Fucoidea  verticalis  (An- 

nelid an?). 
Barren  of  life  as  is  this  thick  mass  of  shale  and  sandstone,  still  it 

yields  twenty  new  forms.  Among  these  is  the  beautiful  Cyathocri- 
nus  ornatissimus,  found  only,  and  in  great  numbers,  on  a  limited  part 
of  the  south  shore  of  the  Lake  Erie,  at  Portland.  These  animals 
seem  to  have  all  died  at  once,  buried  under  the  sudden  accumu- 

lation of  a  new  mud. 

While  the  Chemung  abounds  in  Brachiopoda,  this  group  has  only 
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five  (see  Table  VIII.).  In  the  Hamilton  and  Chemung,  Brachiopoda 
are  predominating  forms. 

Three  typical  Goniatites  appear  in  the  Portage,  the  Chemung 
having  only  one,  and  that  new.  The  eminently  Devonian  Cepha- 
lopod,  Clymenia  complanatal  (Van.  and  Hall),  shows  itself  here  ior 
the  first  time,  with  the  TJngulina  suborbicularis  (Hall). 

Cashaqua  Shale  contains,  as  common  (and  typical,  except  Gonia- 
tites sinuosus),  Avicula  speciosa,  TJngulina  suborbicularis,  Bellero- 
phon expansus  (Marc.  Shale),  Orthoceras  aciculum,  Clymenia  com- 

planata,  Goniatites  sinuosus,  Pinnopsis  acutirostra,  P.  ornata  (Hall, 
Rep.  p.  243). 

The  following  are  in  the  more  central  parts  of  the  group  : — Spi- 
rifer  Icevis,  Cardium  1  vetustum,  Orthis  tenuistriata,  Lucina  1  re- 
tusa,  Nucula  lineolata,  Astarte  subtextilis,  Bellerophon  striatusl, 
Goniatites  bicostatus,  G.  sinuosus,  G.  retrorsus,  Cyathocrinus  orna- 
tissimus, — the  principal  forms  being  Goniatites,  Bellerophon,  Pteri- 
ncea,  and  a  typical  Avicula  (Hall,  Rep.  p.  245,  and  De  Vern.  loc.  cit.). 

The  Portage  group  only  received  one  Brachiopod  and  one  Gaste- 
ropod.  It  transmits  the  same  bivalve,  and  a  single  Cephalopod. 
Its  fossil-connexion  with  other  strata  is  therefore  very  slight.  We 
see  the  same  partial  distribution  of  life  in  the  Upper  Devonian  of 
England. 

Fossils  typical. — These  are  nineteen  in  number,  and  are  spread 
through  seven  orders. 

Fossils  occurrent  in  Europe. — Until  we  hear  further  from  James 
Hall,  we  only  know  of  two, — the  Devonian  Goniatites  retrorsus  of 
Nassau,  and  Atrypa  dumosa. 

Fossils  recurrent  in  New  York. — These  are  only  four, — Bellerophon 
striatus  (Cornif.  limest.),  B.  expansus,  Clymenia  complanata  (Che- 

mung), and  the  almost  universal  Atrypa  reticularis. 

Chemung  Group. 

Mineral  Character. — This  is  a  highly  fossiliferous  series  of  shales 
and  thin-bedded  sandstones,  sometimes  in  distinct  courses,  and  in 
infinite  variety  both  vertically  and  laterally,  from  the  intermixture  of 
the  two  ingredients.  This  thin-  or  thick-beddedness  depends  on  the 
purity  of  the  materials,  on  the  proportion  of  clay,  and  on  rate  of 
deposition. 

These  rocks  may  be  described  as  thin-bedded  sandstones  or  flag- 
stones, with  intervening  shales,  and  frequently  with  beds  of  impure 

limestone  resulting  from  the  aggregation  of  organic  remains  (Hall). 
The  whole  series  weathers  brownish  olive.  The  shales  pass  from 

deep  black  to  olive-green.  The  sandstones  vary  from  brownish  grey 
and  light  grey  to  olive.  Lines  of  diagonal  lamination  and  ripple- 
marks  are  common. 

The  upper  part  of  the  group  tends  to  be  a  conglomerate;  and 
here  and  there  it  is  a  true,  but  very  thin,  puddingstone,  with  the 
usual  fossils  (Hall). 
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"It  is  plain,"  says  Hall  (Rep.  p.  254),  "that  the  origin  of  the 
materials  of  this  deposition  was  to  the  east  of  Central  New  York,  and 
probably  to  the  south-east,  as  is  evidenced  by  the  thinning  of  the 
deposits,  and  the  diminution  of  the  sandy  strata,  at  the  west.  The 
increase  of  shaly  strata  in  the  same  direction  (which  finally  diminish 
also)  proves  the  same ;  for  this,  being  longer  suspended,  was  trans- 

ported beyond  the  sand.  We  have  here  a  corroboration  of  the  same 
view  as  presented  under  the  Hamilton  Group,  viz.  a  position  in 
Eastern  New  York  near  the  margin  of  this  ancient  sea,  while  toward 
the  south-west  we  approach  that  part  of  more  profound  depth  and 
greater  distance  from  shore.  The  evidence  continues  through  the 
Hamilton,  Portage,  and  Chemung  groups  ;  for  in  all  these,  and  in 
the  intermediate  beds  of  shale  and  limestone,  we  find  a  constant 

diminution  south-westerly. 
"  Also  in  Eastern  New  York  we  find,  both  in  the  Hamilton  and 

Chemung,  specimens  of  land-plants,  or  such  at  least  as  did  not  grow 
beneath  an  ocean.  These  are  rare  in  Central  New  York,  one  or 

two  fragments  only  having  been  found ;  and  at  the  south-west  part 
of  the  State  and  in  Ohio  I  have  seen  nothing  of  similar  character. 
The  inference  naturally  follows,  that  these  were  derived  from  land  on 
the  eastern  margin  of  this  ocean  ;  and  that  some  fragments  floated 
westward,  and  were  deposited  with  the  sand  and  mud. 

"  Many  of  the  thin  sandy  laminae  throughout  the  district  are  often 
almost  completely  covered  with  small  fragments  of  carbonaceous 
matter,  apparently  derived  from  terrene  vegetation.  These  seem  to 
have  been  comminuted  fragments  of  vegetables,  brought  down  by 
streams  from  the  continent  or  islands  on  the  east,  and,  being  spread 

evenly  over  the  surface  of  the  water,  were  distributed  widely,"  as  we 
see  now  in  lakes  and  bays. 

This  indicates  an  approach  to  the  great  coal-measures. 
M.  de  Verneuil  (loc.  cit.  p.  662)  agrees  with  these  statements. 

He  says  that  the  predominance  of  sandstones  and  schists  in  the 
eastern  parts  of  New  York  shows  that  the  continent  existed  on  that 
side, — from  whence  the  rivers  and  coasts  furnished  their  elements 
to  the  sediments,  just  as  the  American  geologist  observed. 

The  fucoids  and  ripple-marks,  so  abundant  in  every  group  from 
the  Potsdam  to  the  Chemung,  testify  also  to  the  proximity  of  bottoms 
and  shores ;  so  that,  thick  as  it  is,  perhaps  all  the  palaeozoic  de- 

posits were  laid  down  in  a  shallow  sea,  whose  bottom  probably  sank, 
more  or  less  continuously,  to  receive  new  sediments. 

The  Chemung  beds  are  sometimes  treated  separately,  but  without 
good  reason.  One  part  is  called  the  Ithaca  group.  It  is  a  succession 
of  coarse  hard  shales  and  sandstones,  of  a  dark  colour,  and  without 
any  limestone.  They  are  about  400  feet  thick,  and  are  best  seen  at 
Ithaca  in  the  county  of  Tompkins. 

Transition. — Except  in  a  very  few  places,  there  is  no  strongly 
marked  dividing-line  between  the  Portage,  Chemung,  and  Ithaca 
groups.  The  distinction  is  in  the  presence  or  absence  of  certain 
fossils,  and  in  the  sandstone  being  coarser  and  more  argillaceous 
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than  in  the  rocks  below ;  but  its  lithology  is  variable.  The  same 
agents  were  working  in  the  Chemung  and  the  Portage. 

Place. — The  Chemung  group  may  be  termed  one  of  the  "  con- 
stants "  of  the  Central  North  American  palaeozoic  basin.  Through- 

out its  vast  extent,  embracing  a  diameter  of  1500  miles,  speaking 
roughly,  this  stratum  is  brought  under  human  cognizance  wherever 
there  is  an  uplift  of  sufficient  power  to  remove  the  superincumbent 
rocks ;  and  this  takes  place  abundantly  in  the  Western  States, 
especially  in  Illinois  and  on  the  River  Mississippi,  as  will  be  shown 
incidentally  while  treating  on  another  subject. 

Together  with  Marcellus  Shale,  the  Hamilton,  and  other  Devonian 
groups,  the  Chemung  forms  the  base  and  part  of  the  mass  of  the 
Catskill  Mountains;  it  likewise  occupies  the  top  of  a  part  of  the  Helder- 
bergs.  It  ranges,  with  its  usual  associates,  from  the  Delaware  River, 

near  Carpenter's  Point,  along  the  west  side  of  Mamakating  Valley,  to 
Kingston ;  thence,  on  the  west  side  of  the  Hudson  Valley,  nearly 
north,  at  the  distance  of  a  few  miles  from  the  Hudson,  to  the  south 

frontier-line  of  Albany  County,  whence  it  bears  away  to  the  north- 
west, on  the  Helderberg  Mountains,  at  a  higher  level  than  in  other 

parts  of  their  range,  and  finally,  west,  along  the  southern  side  of 
the  Mohawk  Valley ;  and  it  occupies  much  of  the  south  part  of 
the  State  between  the  Erie  Canal  and  Pennsylvania  (Mather,  Rep. 

The  counties  in  New  York  in  which  the  Chemung  group  prevails 
are  Sullivan,  Ulster,  Chenango,  Courtland,  Chemung,  Steuben, 
Alleghany,  Cattaraugus,  and  Chatauque. 

In  the  Western  States,  it  is  in  narrow  bands  of  enormous  length, 
which  follow  and  underlie  Carboniferous  Limestone  in  innumerable 

windings,  and  rest  upon  black  slate  (Marcellus  Slate)  or  the  Hamil- 
ton group.  It  is  most  conspicuous  on  the  Mississippi,  as  surrounding 

the  Illinois  and  Michigan  coal-fields  ;  in  the  Valley  of  the  Cumber- 
land River,  besides  many  other  places.  On  these  points  we  shall 

soon  have  further  information  from  Professors  Safford  and  Swallow. 

Position. — It  exhibits  undulations,  usually  slight ;  but  on  the 
Mississippi  River,  in  two  localities  of  considerable  size,  the  Chemung 
group  is  violently  subverted  by  volcanic  agency,  and  in  other  places 
it  is  raised  for  a  short  space  into  flat  domes. 

Thickness. — It  is  1500  feet  thick  in  New  York,  thinning,  however, 
westwards.  In  Pennsylvania,  Professor  H.  D.  Rogers  makes  this 
rock  3200  feet  thick.  In  that  district  of  country,  the  Chemung 
displays  some  most  instructive  sections. 

Fossils. — This  group  contains  104  species  of  fossils,  many  or 
most  of  them  casts  (De  Verneuil).  They  often  occur  in  patches  or 
groups.  For  instance,  we  have  the  following  fossils  in  the  green  or 
olive  shales  and  shaly  sandstones  of  Rockville  and  Phillipsburg  on 
the  River  Genesee,  according  to  De  Verneuil  (loc.  cit.  p.  661)  : — 

Pterinaea?  suborbicularis ;  Pecten  duplicatus;  P.  cancellatus;  P.  ?  stri- 
atus ;  P.  crenulatus ;  P.  convexus ;  P.  dolabriforuiis ;  Lima  rugostriata ; 
L.  glabra;  L.  obsoleta;  Avicula  signata. 
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We  find  several  fossil  plants,  especially  towards  the  top  of  the 
group.  Some  of  them  are  marine,  and  some  resemble  those  of  the 
coal-beds.  Of  these  the  TJphantcenia  Chemungensis  possesses  a  beau- 

tiful and  complex  structure ;  and  is  therefore  indicative,  like  the 
genera  Sphenopteris,  Sigillaria,  and  Calamites  (which  occur  here), 
of  a  temperature  somewhat  elevated,  and  favourable  to  a  fauna  of 
large  and  ornamented  forms,  such  as  we  have  here.  Many  of  the 
fossil  plants  of  Chemung  have  drifted  from  the  east ;  but  others 
are  too  well  preserved  to  have  travelled  far  (Hall). 

There  are  here  58  species  of  Brachiopoda  (see  Table  VII.).  There 
are  57  Brachiopoda  in  the  closely-allied  group,  the  Hamilton.  In 
the  same  manner,  the  Monomyaria  of  the  two  groups  are  of  nearly 
the  same  strength  ;  but  the  Dimyaria  are  ten  times  the  most  numerous 
in  the  older  group. 

There  are  here  three  species  of  Zoophytes,  as  far  as  I  can  collect, 
namely  Millepora  gracilis,  a  Petraia,  and  an  undetermined  Cya- 
thophyllum.     There  is  also  one  undetermined  Retepora. 

Among  the  Echinodermata  we  have  only  the  Echinusl  Drydenensis 
and  the  Encrinus  tricyclas.  While  the  Echinoderms,  Trilobites,  and 
Cephalopoda  are  disappearing  as  we  ascend  in  the  paleeozoic  scale, 
the  number  of  Aviculce  and  Pectines  increase.  With  De  Verneuil, 
we  wonder  at  seeing  these  two  genera,  so  plentiful  in  the  Devonian 
and  Carboniferous  epochs,  come  down  to  the  recent  period  without 
losing  their  importance,  but  leaving  in  every  great  formation  such 
numerous  representatives.  The  Chemung  has  one  very  important 
Cephalopod,  the  Goniatites  Chemungensis.  There  are  three  Trilobites , 
but  only  in  fragments  ;  two  of  them  being  derived  from  the  Hamilton 
group. 

The  original  races  in  this  group  present  83  species  ;  21  have  been 
received  from  prior  strata,  12  of  them  being  Brachiopoda  (see 
Table  VII.).  We  know  of  no  fossil  being  transmitted  to  the  Cats- 
kill  Group,  the  American  representative  of  the  Old  Red  Sandstone 
of  Europe. 

At  Ithaca  the  fossils  are  numerous,  but  not  well  preserved.  Here 
is  found  the  Strophomena  Ithacensis.  In  the  lower  part  of  the  mass 
at  Ithaca  are  three  or  four  species  of  Cypricardites,  a  shell  resembling 
the  Clymenia  of  Phillips,  some  Atrypce,  &c,  together  with  a  singular 
branching  nondescript  fossil ;  also,  indistinct  but  long  traces  of 
plants  of  a  lanceolate,  and  sometimes  falciform,  shape.  The  Fu- 
coides  Cauda-galli  is  seen  in  De  Ruyter,  in  Smyrna,  and  in  Waverley 
Sandstone  (Dr.  Locke) .  For  a  general  list  of  the  fossils,  see  the  Table 
of  Devonian  Fossils. 

Fossils  occurrent  in  Europe. — Twenty-six  Chemung  fossils,  or 
one  quarter  of  the  whole,  are  found  in  Europe;  and  most  of  them,  if 
not  all,  are  Devonian  in  that  hemisphere.  Nineteen  of  them  are 
Brachiopoda,  of  the  genera  and  species  usually  found  in  the  Upper 
Silurian  stage  and  the  Devonian  system.  Many  very  important 
families  among  the  Plantae,  Zoophyta,  Crustacea,  Cephalopoda,  &c, 
are  but  poorly  represented  in  Europe  in  these  rocks  ;  but  still,  after  all, 
the  number  of  European  fossils  met  with  in  Chemung  is  great,  and 
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that,  perhaps,  partly  from  its  thickness  and  remarkable  extent.  In 
this,  it  contrasts  strongly  with  the  limited  fossil-connexion  maintained 
in  the  old  continent  by  localities  not  very  far  removed  from  each  other, 
as  Bohemia  and  Sweden. 

Fossils  recurrent  in  New  York. — This  group  receives  from  those 
preceding  it  twenty-one  fossils,  principally,  as  before  said,  from  the 
Hamilton  group,  and  in  the  east  of  New  York  mostly. 

The  Chemung  is  Devonian,  says  Daniel  Sharpe  (Geol.  Journ.  iv. 
p.  155)  ;  and  but  for  its  separation  from  the  Hamilton  group  by  the 
almost  unfossiliferous  Portage  group,  the  two  ought  not  to  be  kept 
separate.  Only  two  Molluscs  are  derived  from  the  Portage  group  ; 
and  one,  Leptcena  crenistria,  from  the  Clinton  of  the  Silurian  system. 
It  has  four  organic  remains  in  common  with  Oriskany  Sandstone,  only 
one  with  Caudagalli  Grit,  namely  the  singular  fucoid  giving  name  to 
that  stratum.  It  has  no  relations  whatever  with  Schoharie  Grit,  Onon- 

daga Limestone,  and  Marcellus  Shale ;  and  with  Genesee  Slate  but 
one  common  fossil,  Atrypa  reticularis.  The  Chemung  group  receives 
four  species  from  the  Corniferous  Limestone,  and  two  from  Tully 
Limestone.  We  see  from  all  this,  that  fossil-connexions  are  not 
exclusively  influenced  by  the  mineral  character  of  the  rock. 

Fossils  typical. — The  large  number  of  sixty  are  peculiar  to  this 
group,  principally  Brachiopoda  and  Monomyaria,  which  are  inha- 

bitants of  mixed  sediments.  The  other  ten  orders  are  almost  alto- 
gether absent,  as  far  as  we  know  at  present.  To  find  in  any 

shale  or  sandstone  a  Cephalopod,  an  Echinoderm,  or  an  Annelid, 
would  go  far  to  prove  that  that  shale,  &c.  did  not  belong  to  the 
Chemung  period. 

Catskill  Group. 

Mineral  Character. — It  consists  of  light-coloured  greenish-grey, 
or  fine-grained  red  sandstone,  interspersed  with  layers  of  red  or  dark- 
coloured  shale  and  slate,  with  beds  also  of  grindstone-grit.  There 
is,  further,  a  mass  apparently  composed  of  fragments  of  hard  slate 

cemented  by  limestone  (the  "cornstone"  of  England)  ;  but  it  is  only a  few  feet  thick. 

We  have  also  conglomerates,  more  or  less  coarse,  of  a  greyish, 
greenish,  or  red  colour. 

All  these  are  arranged  as  follows,  from  above  downwards : — 
1 .  Conglomerates  and  coarse  schists. 
2.  Red  shales,  slates,  and  grits. 

3.  Grey  and  greenish-grey  slaty  grits. 
4.  Chocolate-coloured  grits,  with  red  shales  and  slates  (Mather, 

Rep.  p.  302). 
The  stratum  of  brecciated  and  conglomeratic  limestone,  marked  1 29 

by  Mather,  in  his  detail  of  layers,  as  they  occur  in  the  Catskill 
Mountains,  and  found  not  far  from  the  base  of  this  group,  is  met 
with  over  a  large  area,  though  rarely  more  than  2  feet  thick.  It  is 

therefore  a  good  reference-stratum.  It  often  contains  carbonates  of 
copper,  iron,  and  zinc,  but  in  very  small  quantities  (Mather, 

Report,  p.  307). 
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Along  the  Genesee  River,  and  in  Steuben  County,  the  Catskill 
group  exhibits  a  thin  mass  of  calcareous  sandstone,  highly  charged 
with  iron,  and  containing  the  remains  of  fishes.  It  rises  from  beneath 

the  coal-measures  of  Pennsylvania,  extending  north,  and  resting  on 
the  rocks  of  the  Chemung  group ;  as  in  England  it  does  on  the 
Ludlow  formation  (Hall,  Rep.  p.  278). 

Oblique  laminae  of  deposition  are  often  strongly  marked.  The 

ripple-marks  are  common  and  good,  the  current  going  from  N.  30°  E. 
to  S.  30°  W.  (Mather,  Rep.  p.  313). 

Transition. — There  is  no  well-marked  line  of  demarcation  between 
the  Chemung  and  Catskill  groups.  The  change  takes  place  gradually 
by  the  diminution  and  final  disappearance  of  the  fossils  found  in  the 
former  groups,  and  by  the  supervention  of  a  harder  and  more  solid 
rock  (Yanux.  Rep.  p.  187).  Neither  is  there  a  defined  plane  of 
separation  between  the  Chemung  rocks  and  the  sandstones  of 
Ohio  and  Indiana  which  contain  Carboniferous  fossils  (Hall,  Am. 
Journ.  of  Science,  n.  s.,  vii.  p.  45). 

The  Catskill  group  is  the  immediate  predecessor,  and  the  base, 
therefore,  of  the  Coal-formation  (Vanux.  Rep.  p.  189). 

From  lithological  reasons  alone,  the  two  deposits  Chemung  and 
Catskill  are  not  synchronous.  The  olive-shales  and  sandstones  of 
Chemung,  full  of  Strophomence,  Spiriferi,  and  Atrypce,  are  succeeded 
by  a  red  sandstone  destitute  of  the  organic  remains  of  the  lower 
rocks.  In  the  higher  rocks,  shells  are  few  and  new,  and  everywhere 
there  are  Fish. 

Place. — In  his  district,  Vanuxem  finds  this  group  in  the  Counties 
of  Otsego,  Chenango,  Broome,  Steuben,  and  Tioga.  Hall  states  that 
it  occupies  all  the  County  of  Delaware,  and  portions  of  the  Counties 
of  Sullivan,  Ulster,  Greene,  Schoharie,  and  Albany ;  but  its  main 
body  lies  in  the  Catskill  Mountains  (Hall,  Rep.  p.  278). 

In  the  five  first-named  counties,  Catskill  being  the  terminal  group 
of  the  New  York  series,  it  holds  the  highest  position  relatively  to 
the  other  rocks,  and  caps  some  of  the  greatest  elevations. 

Position. — The  Catskill  group  is  conformable  with  the  Chemung. 
Although  its  strata  in  the  Catskill  Mountains  seem  to  the  eye  to  be 
horizontal  when  viewed  near,  they  are  not  so  really,  but  dip  at  a 
slight  angle  to  the  south-west.  From  Caterskill  Creek  the  layers 
emerge  in  a  succession  of  terraces,  with  a  steep  bold  escarpment  on 
the  east,  sloping  away  gradually  to  the  west  (Mather,  Rep.  p.  306). 

The  directions  of  the  main  axes  of  elevation  and  depression  are 
from  N.N.E.  to  S.S.W.,  and  from  E.S.E.  to  W.N.W. ;  and  they  have 
two  systems  of  smooth  joints  corresponding  with  and  parallel  to 
them. 

Thickness. — It  varies  from  2000  feet  in  Pennsylvania  to  4000  feet 
in  the  Catskill  Mountains  (Mather,  p.  306),  with  a  rapid  diminution 
of  thickness  from  the  aforesaid  mountains  westwards  (Hall,  Rep. 
p.  278). 

Fossils. — Plants  very  abundant,  terrestrial  and  marine,  resembling 
those  of  Ithaca  and  Chemung,  but  more  numerous.  There  are  thin 
seams  of  coal,  with  Sigillaria  simplicita  and  Fucoids  in  the   red 
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rocks.  Other  fossils  are  few.  There  are  only  Cypricardites  Cat- 
skillensis  and  C,  august  at  a  at  Mount  Upton  on  the  River  Unadilla, 
Chenango  County.     They  resemble  freshwater  shells. 

We  have  here  the  characteristic  fish  Holoptychius  nobilissimus  and 
Sauripteris  Taylori  (Hall),  the  former  being  plentiful  in  Europe  on 
the  same  horizon. 

Inferences. 

The  following  inferences,  from  the  Synoptical  View  now  completed 
as  far  as  my  information  extends,  are  presented  to  the  Society,  as  mark- 

ing some  of  the  principal  points  of  interest ;  but  I  may  be  permitted, 
by  way  of  preface,  to  make  two  or  three  short  remarks. 

First,  I  desire  to  express  my  high  admiration  of  the  learning  and 
ability  displayed  by  the  State  Geologists  of  New  York,  as  well  as  by 
the  able  and  now  famous  men  engaged  in  the  like  arduous  pursuits 
in  other  portions  of  the  North  American  Confederation.  Upon  the 
results  of  their  toils,  dangers,  and  personal  sufferings  in  the  hot  and 
mosquito-haunted  forests  of  the  United  States,  this  Synoptical  View 
has  been  constructed. 

Secondly,  one  very  disinterested  remark  I  feel  constrained  to  make 
before  proceeding  to  my  proper  work.  In  my  endeavour  to  under- 

stand fully  the  Silurian  system,  I  read  and  re-read  the  works  of  Sir 
Roderick  Murchison.  The  impression  left  on  my  mind  after  their 

perusal,  is  that  they  are  master-pieces  of  geological  investigation, 
which  a  rare  combination  of  talent,  perseverance,  and  opportunity  has 
in  all  essential  points  rendered  impregnable. 

Thirdly,  I  am  entitled  thus  to  speak,  because  many  years  ago, 
standing  in  North  America,  on  Silurian  ground,  before  it  was  so  de- 

nominated, personally  and  well  acquainted  with  many  of  the  most 
important  geological  sections,  I  clearly  foresaw  the  coming  discoveries 
in  their  universality  and  grandeur.  Before  me  was  a  new  and  deeply 
interesting  volume  of  palaeozoic  story,  which  my  want  of  field-expe- 

rience in  Europe  at  that  time  (together  with  other  duties)  prevented 

my  displaying  for  the  instruction  and  delight  of  those  who  find  plea- 
sure in  the  works  of  creation. 

Inferences,  Conclusions,  or  Results*. 

1.  That,  whatever  may  be  the  case  elsewhere,  the  Silurian  and 
Devonian  systems  of  New  York  are  parts  of  one  connected  and  har- 

monious period — the  product  of  successive  and  varying  Neptunian 
agencies,  operating  in  waters  which  deepened  westward  from  the 
Atlantic,  and  southwards  from  the  Laurentine  chain  on  the  north. 

2.  That  from  the  Catskill  group  (Old  Red  Sandstone)  downwards 
through  the  whole  series,  to  Potsdam  Sandstone,  there  is  perfect  and 
close  conformability,  and  no  such  unwonted  change  in  fossil  life  as 

*  It  must  be  fully  understood  that  these  inferences  have  reference  solely  and 
exclusively  to  the  central  palaeozoic  basin  or  area  of  Middle  North  America — not 
to  any  similar  formation  in  Europe,  nor  even  to  the  North-eastern  palaeozoic 
basin  of  Eastern  Canada,  Gaspe,  and  the  Gulf  of  St.  Lawrence,  unless  specially 
mentioned. 
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to  constitute  a  systematic  break,  except  at  one  place — the  Oriskany 
Sandstone,  the  base  of  the  Devonian  in  New  York, — there  being  no 
break  of  like  importance  at  the  Oneida  Conglomerate  period,  contrary 
to  an  opinion  towards  which  able  geologists  are  now  inclining, — 
an  opinion  which  leads  them  to  consider  the  break  at  the  Oneida 
Conglomerate  as  systematic. 

3.  All  the  palaeozoic  groups  of  New  York  slowly  pass  one  into 
the  other  by  gradation  of  mineral  and  organic  characters,  with 
easily-explained  exceptions. 

4.  The  palaeozoic  strata  of  New  York  are  comparatively  thin. 
They  seem  to  have  lost  in  thickness  what  they  have  gained  in  ex- 
tension. 

5.  De  Verneuil  rightly  divides  the  New  York  groups  into  two 

great  classes, — the  "  constant"  and  the  "  local."  Among  the  former 
are  Potsdam  Sandstone,  Trenton  Limestone,  and  Niagara.  Among 
the  latter  are  the  four  lower  Helderbergs,  and  perhaps  Oneida  Con- 

glomerate, &c.     This  is  a  useful  division. 
6.  That  it  is  both  convenient  and  natural  to  divide  the  Silurian 

and  Devonian  systems  of  this  State  each  into  three  stages, — the 
division  being  based  on  change  of  sediment  and  their  fossil  contents. 

7.  The  Middle  Silurian  stage  is  a  period  of  especial  transition — 
from  the  coarseness  of  some  of  its  sediments,  from  their  innumerable 
and  minute  alternations,  and  from  the  organic  poverty  prevailing. 

8.  That  the  presence  of  Oneida  Conglomerate  in  New  York  does 

not  necessitate  a  change  of  name  for  all  the  strata  below  it  (of  "  Cam- 
brian" for  instance);  because  a  conglomerate  does  not  always  indicate 

systematic  change, — not  even  if  there  be  volcanic  intercalation,  pro- 
vided there  is  conformableness,  and  some  community  of  fossils. 

The  Oneida  Conglouierate  seems  to  be  local,  is  supernumerary,  and 
only  found  at  present  on  the  east  of  Middle  North  America. 

9.  The  hardening  and  crystallizing  effect  of  metamorphism  is  seen 
only  in  the  neighbourhood  of  hypogene  rocks. 

1 0.  The  New  York  basin  exhibits  few  uplifts,  and  those  of  limited 
magnitude  ;  no  uplifts  dividing  it  into  a  series  of  deep  basins  con- 

tained in  hypogene  beds,  as  in  Bohemia,  Wales,  &c.  Neither  has  it 
sheets  of  alternating  volcanic  grit  (conformable),  save  in  the  Potsdam 
Rock  on  Lake  Superior. 

This  basin  has  a  "lay"  or  position  of  its  own,  as  a  number  of  undu- 
lating sheets  of  sediment,  dipping  slightly  to  the  south-west,  here  and 

there  pierced  by  a  peak  of  crystalline  rock,  and  in  certain  regions 
raised  into  three  broad  low  domes  of  great  length. 

1 1 .  The  sedimentary  rocks  of  this  basin  have  submitted  to  two 
kinds  of  plutonic  disturbance,  independent  of  each  other,  and  act- 

ing at  distant  intervals  :  1st,  that  of  secular  or  slow  oscillation  during 
deposition  ;  2nd,  that  of  disturbance  arising  from  paroxysmal  uplifts 
long  after  their  completion. 

12.  The  whole  Silurian  and  Devonian  series  of  strata  having, 
during  deposition,  sunk  to  the  depth  of  13,300  feet,  it  is  submitted 
as  a  query  whether  it  does  not  seem  necessary  to  suppose  that  they 
were  elevated  into  their  present  position  by  the  post-carboniferous 

VOL.  XIV.   PART  I.  2D 
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uplift, — such  agency  being  sufficient  to  produce  all  the  observed  phe- 
nomena, and  the  effects  diminishing  westwards  from  the  central  line 

of  disturbance.  No  other  agency  is  known  to  me,  although  hinted 
at  by  American  geologists. 

13.  It  is  a  remarkable  fact  that  brine-springs  exist  in  considerable 
quantity  in  the  Middle  stage  of  the  Silurian  system,  a  group  or  two 

below  the  Onondaga-salt -springs  of  the  Upper  stage,  and  three 
palaeozoic  systems  below  any  salt-deposits  in  Europe. 

14.  That  the  form  and  direction  of  the  five  great  Canadian  lakes 
are  not  due  originally  and  mainly  to  the  passage  of  loaded  waters 
over  their  site,  but  that  they  follow  the  outcrops  of  their  containing 
sedimentary  rocks, — changes  in  shape  and  size  having,  nevertheless, 
occurred  since. 

15.  The  contours  of  the  valley  of  the  St.  Lawrence  generally  (to 
which  much  of  New  York  belongs),  and  its  increasing  elevation  south- 
westwards,  inland  from  Montreal,  are  due  to  the  successive  altitudes 
assumed  westward,  in  slopes  and  plateaux,  by  the  Silurian  and  Devo- 

nian strata,  the  lowest  or  most  ancient  being  on  the  east.  This  is 
beautifully  evidenced  in  the  rocks  forming  the  basins  of  the  great 
Canadian  lakes. 

16.  That  some  of  the  groups,  during  and  after  deposition,  were 
sub-atmospheric,  presenting  the  conditions  of  dry  land  and  shallow 
waters  for  long  and  varying  periods, — and  that,  together  with  the 
marine  life  they  supported,  they  enjoyed  the  influences  of  the  sun 
and  other  meteorological  agencies.  This  is  indicated  by  animal 
tracks,  sun-cracks  on  ancient  shores,  the  short  ripple-marks  of  a 
chopped  sea,  impressions  of  reeds  waving  in  running  water,  and  by 
the  presence  of  bog-iron-ore.  This  is  conformable  with  what  took 
place  in  the  carboniferous,  permian,  triassic,  liassic,  oolitic,  wealden, 
and  later  periods.  Denudations  also  occurred  to  most  of  the  groups 
to  a  large  extent. 

17.  That  in  New  York,  as  elsewhere,  there  is  an  intimate  con- 
nexion between  fossils  and  their  sediment  or  habitat.  The  calcareo- 

colous  animals  are  always  found  in  limestone  more  or  less  pure, 
and  the  arenicolous  in  sandstone  more  or  less  pure, — with  exceptions, 
such  as  usually  happen  with  respect  to  locomotive  animals.  The 
calcareocolous  are  everywhere  the  most  numerous.  It  is  true  that 
molluscs  are  the  principal  agents  in  the  deposition  of  calcareous  sea- 
bottoms  ;  but  these  latter  greatly  favour  afterwards  the  multiplication 
of  individuals. 

18.  That  the  iron-ore  which  we  so  frequently  see  investing  inverte- 
brate remains  had  access  to  them  after  their  death  and  sepulture. 

19.  Every  group,  as  established  by  the  State  Geologists  of  New 
York,  is  a  distinct  centre  of  life, — a  separate  realm  or  community  of 
animated  beings,  which  may  be  called  epochal,  so  marked  are  the 
differences. 

The  majority  of  these  existences  always  perished  at  the  end  of 
the  group  when  certain  deposits  ceased,  because  the  new  sediment, 
with  its  new  and  peculiar  flora  (and  for  other  reasons),  was  only 
able  to  nourish  a  few,  if  any,  of  the  old  molluscs. 
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20.  In  New  York  the  species  of  fucoids  occupy  and  are  typical  of 
only  one  group. 

21.  All  the  individual  existences  are  perfect  at  once,  from  the 
earliest  dawn  of  life,  in  their  organization  and  social  relations. 

22.  It  is  a  great  thought,  that  throughout  the  incalculably  long 
succession  of  fossiliferous  deposits,  palaeozoic  or  more  modern,  all 
animal  and  vegetable  life  was  constructed  upon  the  same  idea  of 
innervation,  organs  of  sense,  supply  and  waste,  fecundation,  &c. 

23.  There  is  another  kind  of  life- centre — the  geographic,  belong- 
ing to  one  and  the  same  group.  This  forms  numerous  separate 

provinces  linked  together  by  a  few  common  fossils,  and  displaying 
extraordinary  variety.  This  principle  or  regulation  is  carried  out 
abundantly  everywhere.  Bohemia  and  Scandinavia  have  scarcely  a 
Silurian  fossil  in  common.  One-half  of  the  Russian  and  Irish  fossils, 
and  two-thirds  of  those  of  New  York,  are  new  and  peculiar.  Even 
the  east  and  west  sides  of  the  small  districts  in  Wales  and  England 
investigated  by  Prof.  Phillips  differ  remarkably  in  their  population. 
We  see  this  in  the  American  Tertiaries  and  in  the  recent  seas. 

24.  Contrary  to  the  opinion  of  Mr.  D.  Sharpe,  the  mollusc  having 
the  greatest  vertical  range  has  the  greatest  horizontal  extension, 
being  found  in  the  most  distant  regions. 

25.  There  is  no  evidence  of  multiplication  of  species  by  transmu- 
tation. 

26.  Fossils  may  be  contemporaneous  in  geological  age,  without 
being  contemporaneous  in  time  as  commonly  understood. 

Geological  age  is  partly  determined  by  fossil  evidence.  Now,  the 
presence  of  living  beings  (subsequently  fossil)  depends  on  mineral 
and  other  conditions,  such  as  temperature,  depth,  currents,  &c, 
which  were  nowhere  the  same  for  large  spaces,  but  were  always 
undergoing  changes  from  plutonic  and  other  causes — changes  always 
more  or  less  local  and  limited,  the  deposits  being  thick  or  thin  in 
places :  so  that  the  universal  scheme  of  palaeozoic  life  was  not 
everywhere  worked  up  to  the  same  point ;  here  preparations  were 
making  for  Lower  Silurian  deposits, — there  for  the  Upper,  or  De- 

vonian, and  so  on.     Thus  isochronism  was  perhaps  not  common. 
27.  The  principles  of  recurrency,  succession,  increment,  and  rela- 

tive abundance  of  fossil  species  are  the  same  in  New  York,  Wales, 
and  elsewhere,  modified  by  local  circumstances. 

28.  Recurrency,  or  reappearance  in  different  strata,  is  at  the 
same  time  the  measure  of  viability  in  the  species,  and  of  connexion 
in  the  groups  of  strata.  It  is  a  kind  of  living  nexus,  pointing  out 
that  the  groups  belong  to  one  and  the  same  order  of  things.  It  may 
have  been  partly  caused  by  migration. 

Recurrency  is  not  so  common  in  New  York  as  in  Wales, — in  other 
words,  vertical  range  is  longer  in  Wales.  Great  depth  is  an  ob- 

stacle to  the  existence  or  transmission  of  living  creatures. 
29.  Everywhere,  on  the  eastern  as  well  as  on  the  western  con- 

titinent,  the  same  fossils,  of  all  orders  and  kinds,  appear  in  the  same 
succession.  A  very  few  Crustacea  and  a  Lingula  or  Obolus  or  two, 
amid  a  dense  matting  of  fucoids,  appear  at  what  now  seems  to  be  the 

2  d  2 
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dawn  of  life ;  then  some  Gasteropoda,  a  few  Cephalopoda,  and  a  few 
Brachiopoda  in  the  third  group  from  below  (Chazy).  But  in  the 
fifth  group  from  below  (Trenton),  multitudes  of  Zoophyta,  Bryozoa, 
Brachiopoda  (save  Spiriferi), Orthocerata,  and  Trilobites  spring  forth; 
but  not  a  Lamellibranchiate.  As  species,  they  nearly  all  perish 
with  the  advent  of  a  new  deposit ;  but,  as  genera,  they  appear  one 
after  another  through  the  successive  epochal  centres,  becoming  mul- 

tiplied in  numbers  and  perfect  in  form.  Then  they  lessen  in  numbers, 
dwindle  in  size,  and  finally  disappear. 

30.  There  is  a  close  similarity  in  New  York  and  Wales  in  the 
increment  and  decrement  of  Zoophyta,  Bryozoa,  Echinodermata, 
Brachiopoda,  &c. ;  that  is,  these  fossils  are  numerous  and  few  at 
the  same  points  of  the  Silurian  scale. 

31.  The  same  genera,  species,  and  amount  of  individuals  abound 
or  are  few  in  the  countries  just  named.  Brachiopoda,  Crustacea, 
Orthocerata,  are  many  ;  Lamellibranchiates  few.  The  extraordinary 
opulence  in  fossils  of  the  Rhenish  Devonian  strata  does  not  obtain  in 
New  York.  In  New  York,  however,  according  to  our  present  list, 
the  Lower  Silurian  stage  is  the  most  fossiliferous ;  in  Wales,  it  is 
the  Upper.    Future  discoveries  may  change  this  condition  of  things. 

32.  A  remarkable  feature  in  the  uppermost  four  groups  of  New 
York  Siluria  (the  Lower  Helderberg)  is  the  substitution  in  them 
of  limestone  for  the  arenaceous  mud  of  the  Welsh  Ludlows,  their 
contemporaries.  It  has  given  them  a  Wenlock  character.  But  it 
is  to  be  remembered  that  the  Ludlow  and  Wenlock  groups  of  Wales 

are  in  close  fossil-connexion, — 74  out  of  31 1  species  of  organic  remains 
being  common  to  both,  or  very  nearly  one  quarter. 

I  shall  'not  proceed  at  present  with  these  inferences  into  the 
American  Devonian  system,  although  there  is  no  want  of  interest. 
I  may  just  remark  that  many  Silurian  Brachiopoda  and  some  other 
molluscs  work  themselves  up  into  the  Devonian  as  representatives  of 
a  common  period.  They  may  even  be  found  in  the  Carboniferous 

system,  as  has  been  proved  by  D'Archiac  and  De  Verneuil  to  be  not 
uncommonly  the  case  in  Europe. 

The  great  ruling  zoological  principles  of  the  Silurian  system  are 
continued  into  the  Devonian ;  but  in  the  latter  we  have  the  intro- 

duction of  Vertebrates  in  profuse  variety,  and  of  new  and  complex 
types  of  Invertebrates  in  unwonted  abundance,  the  old  forms  dying 
out. 
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EXPLANATION  OF  THE  ABBREVIATIONS  USED  IN  THE  FOLLOWING 
TABLES. 

Upper  Ludlow    UL. 
Aymestry  Limestone     A. 
Lower  Ludlow    LL. 

"Wenlock  Limestone       WL. Wenlock  Shale       WS. 
Upper  Caradoc       UC. 
Upper  Silurian       US. 
Lower  Silurian    LS. 

Devonian    D. 
Hall    H. 
De  Verneuil    V. 
Sharpe    Sh. 
Conrad    C. 
Emmons     E. 
Vauuxem    Va. 

f  New  Species,  according  to  James  Hall. 

Table  I. — The  Silurian  Fossils  of  the  State  of  New  York. 
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Table  I. (continued). 
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Table  I.  (continued). 
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Table  I.  (continued). 

Fossils. 

Rhinopora  tubulosat   
verrucosat     

Stellipora  antheloidea  .... 
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Syringopora  multicaulis    . 

Bryozoa. 
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Astrocerium  constrictumt 
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Table  I.  (continued). 

Fossils. 

Graptolites  scalaris 
secalinus   
sextansf    
serratulusf  .... 
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Table  I. (continued). 
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Table  I. 
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Fossils. 
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Table  I.  (continued) . 

Fossils. 

Leptasna  bipartitat 
camerata   
concavaf   
cornuta      
corrugata   
crenistria   
deflecta      
deltoidea   
depressa    
elongata    
fasciataf   
filitextaf   

grandis 
imbrex. 
impressa   
incrassata      , 
laevis      , 

laticostaf   
mucronata      
nasuta    
obscura      
ortbodidea    
patenta      
pecten   
plano-convexaf 
planumbonaf  .. 
pliciferaf   
profundaf      
pustulosa. 
punctulifera   
recta      
rectilateralis    .. 
radiata    
rugosa    
sericea   
semiovalis  ?   
striata    
subplana    
subtenta    
tenuilineata       ;   
tenuistriata        
transversalis      
varistriata      
Woolworthanaf   
(Strophodonta)  Beckiif. 
(   )  cavumbona   
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Table  I.  {continued). 

Fossils. 

Orbicula  tenuilamellataf 
terminalis   

Orthis  sequivalvisf   
bellarugosa   
bisulcata   , 
centrilineataf   
circulus      
costalisf    
crenistria   
crispata      
deformisf. 
dichotomaf       
disparilis   
elegantula      
eminens l. 
erraticaf   
fasciatat   
fissicostaf      
Flabellulum   
hybrida      
insculptaf      
interstriatat   
leptaenoides  ...    
multistriataf2. 
oblataf1. 
occi  dentalisf      
orbicularis     
parva      
pectinella   
var.  semiovalis   
perelegansf. 
perveta   
pisum    
plicatellaf      
punctostriata    
pyramidalis   
resupinata      
rugosa   
simiatat    

strophomenoidesf  3. 
subsequata      
subcarinataf      

subjugata-f-   
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3  Very  like  O.fasciata. 

2  Like  O.  striatula. 
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Table  I. 
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Table  I.  {continued). 

Ambonychia  amygdalinat 
bellastriataf 
mytiloides 
obtusat 
orbicularis 
radiata1 
undata 

sp.  ind 
Avicula  demissa2 

desquamata 
ellipticat 
emacerata 
erecta3   
insueta.... 

>  (S5&  retroflexa  >).    And  in  Hamilton  ££'  """^  '  »*"  Emm°nS'  *  «* VOL.  XIV.   PART  I.  2  £ 
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Table  I.  (continued). 

Fossils. 

Avicula  leptonata 1. limaeformist  . 
monticola  .... 
multilineata.... 
naviformis     
orbiculatat  .... 

protexta. rhomboideat    . 
rugosa    
securiformisf    
subrectat   
subplanat      
Trentonensis     
triquetra   
undatat    
sp.  ind.t   

Posidonia?  alata     

alveata?2. 
arcuata?2. 

Posidonomya  ?  rhomboideat . 
Pterinaea  carinata    

pleuroptera. 
retroflexa. 
undata   

DlMYARIA. 

Cardiamorpha  vetustaf.... 
Clidophorus  planulatus . . . . 
Cypricardia  alata    

angustata   
angustifrons      
curta      
modiolaris     
ovata      
sinuata   

Edmondia  subangulataf    , 
subtruncataf    
ventricosaf   

Lyrodesma  plana      , 
pulchella   

Modiolopsis  anodontoides , 
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1  In  Shale  of  Woolcot-ore  bed. 
2  Devonian. 
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Table- 1,  {continued). 

Fossils. 

Modiolopsis  arcuatusf  ... 
aviculoidesf      
carinatusf     
curtusf      
faba   
latusf    
modiolaris      

rnytiloidesf   
nasutus      
nuculiformisf   
orthonota   
ovatusf      
primigenius   
parallelus       
subalatusf    
subalatus  ?  f       
subcarinatusf   
subspatulatusf      
terminalisf    
Trenton ensis      
truncatusf    
undulostriatusf    
sp.  ind   

Modiola  ?  obtusaf   

squamifera. 
Myalina  mytiliformis     ... 
Nucula  donaciformis   

levata    

poststriata    
Nuculites  faba    

inflata   
scitula   

Orthonota  contractaf    •• 
curta      
nasuta    

parallelaf   
pholadis    
undulata. 

Pyrenomseus  cuneatusf 
Tellinomya  aequilateralis 

anatiformist      
curtaf   
dubiaf   
ellipticaf   
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Table  I.  (continued). 

Fossils. 

Telliaomya  gibbosaf  .. 
lata   
machaeriformis    . . 
nasutaf      
sanguinolaroideaf 

Gasteropoda. 

Acroculia  angulataf   
auriformis      
Niagarensisf    

Bellerophon  auriculatus 
bilobatus   

var.  acutus   
var.  corrugatus    .. 

cancellatusf      
dilatatus   
ornatus. 

profundus      
punctifrons   
sulcatus     

Bucania  bellapunctaf   .. 
bidorsataf    
expansaf   
intextaf    
punctifronsf      
rotundata      
stigmosaf      
sulcatina   
trilobata    
sp.  ind   

Carinaropsis  carinataf  .. 
orbiculataf   
patelliformisf   

Cyclonema  cancellata    ., 
obsoletaf   
sulcata   , 
ventricosaf   , 

Cyrtolites  compressus   .. 
filosus    , 
ornatus      
Trentonensis     
undatus     

Euomphalus  uniangulatus H 

C3 

PQ 

H 

pq 

E 

H 

H 

H 

H 

H 

o 

<u 

a C 
o 

o 
Hi 
c C 
o 

cd 

o 

rjl 

a 

v 

TZ 

a qj 

O S 

H 

o 

H 

H 

H 

H 

o 

a 

■ 
to 

03 

a 
o 
a 
o 

H 

H 

H 

a. 

°  !  G 

3 



BIGSBY   PALAEOZOIC  ROCKS  OF  NEW  YORK. 415 

Table  I.  (continued). 

Fossils. 

Euomphalus  profundus 
sulcatusf   

Holopsea  obliquaf   
paludiniformis   , 
symmetrica   , 
ventricosaf   

Littorina  antiqua. 
Loxonema  Boydii   
Maclurea  labiata     

magna   
matutinaf      
sordidaf    
striata   

Metoptoma?  dubiaf  .... 
rugosaf      

Murchisonia  abbreviata. 
angulataf   
bellacinctaf   
bicincta     
bivittatat1    
Boydii1      
conoideaf      
gracilisf    
Loganif1   
longispiraf1   
macrospiraf1    
obtusa   
orbiculata      
perangulataf     
subfusiformisf   
subulata      
terebralisf    
tricarinataf   
turritiformis1    
uniangulataf      

var.  a    
var.  abbreviata    . 

Pvaricosaf      
ventricosaf   
vittataf      

Natica  ?  sp.  ind   
Ophileta  levata   
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Table  I.  {continued). 

Fossils. 

Ophileta  complanata   
Platyostoma  hemisphaerica 

Niagarensisf     
sp.  ind   

Pleurotomaria  ambiguaf  .. 
antiquataf    
biangulataf       
bilix   

bispiralisf1   
indentaf    
lenticularis    
littoreaf    
nodulosaf      
nucleolataf   
obsoletaf   
percarinataf      
perlataf  2   
pervetusta     
quadricarinataf    
rotuloidesf   
solarioidesf2    
subconica      
subdepressaf    
subtilistriataf   
turgidaf    
umbilicataf   
sp.  ind   
sp.  ind   

Raphistoma  planistriaf   
var.  parva   

stamineaf      
striata3   

Scalites  angulatus   
Subulites  elongata   

ventricosaf2      
Turbo  diluculusf    

obscurusf      

Cephalopoda. 

Cameroceras  Trentoneum. 
Cyrtoceras  annulatumt     . 
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1  Gait,  Canada.  3  Gait. 
3  Euomphalus  gualterius  of  Verneuil  and  Hisinger. 
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Table  I.  {continued). 

Fossils. 

Cyrtoceras  acuticameratumt1 arcuatumt     
camurumt      , 
cancellatumt    
constrictostriatumf   
filosura   „   
lamellosumt      
macrostomura   
multicam  eratumt      

Endoceras  angusticameratumf 
annulatumt   
approximatumf    
arctiventrumf   , 
distansf    , 
duplication   
gemelliparumf      
longissimumf   
magniventrumf  and  var.... 
multitubulatumt   
proteiformef    

var.  elongatum      ,. 
—  lineolatum   
—  strangulatum   
—  tenuitextum     

subcentrale   
Gomphoceras  ?  sp.  ind. 
Gonioceras  anceps   
Lituites  convolvans    

undatus      
Oncoceras  constrictumt 

expansum      
gibbosumt      
subrectum      

Ormoceras  crebriseptum 
gracilef      
monilif orme   
tenuifilum      

var.  distans   
vertebratum      

Orthoceras  abruptum   
aequale   
amplicameratumt   .. 
annulatum    
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Table  I.  {continued). 

Fossils. 

Orthoceras  arcuoliratumt. 

articulatum1. 
avellum      
bilineatum  and  var   
cancellation t    
clathratumt       
clavatumt      
coralliferum   
duplex   
fusiformet      
imbricatum  ?      
junceumf   
laeve   
lamellosumt      
laqueatumt  and  var.  . 
latiannulatumt      
multicameratum   
multilineatum   
multiseptumt   
primigenium      
rectiannulatumt   
recticameratum     
subarcuatumt   
strigatumt    
tenuiseptum   
teretiformef       
textilet      
Trentonense   
vertebralet   
vertebratum      
virgatum   
virgulatutnt   
undulatum    
undulostriatum 
n.  sp   
sp. ind   

Phragmoceras,  sp.  ind. ... 
Phragtnolites  compressus 
Trochoceras  Gebhardit... 

turbinaturat      
Trocholites  ammonius   ... 

plan  orbifor  mis   
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Table  I.  (continued). 

Fossils. 

Pteropoda. 

Conularia  gracilist 
granulatat    .... 
longat    
Niagarensist    . 
papillataT   
quadrisulcata   . 
Trentonensis    . 

Theca  Forbesii    

triangularis   

Crustacea. 

Asaphus  extanst      
latimarginatust   . . . 
marginalist   
nodostriatus       
   obtusust   

Acidaspis  spinigerat  ... 
Trentonensist   

Agaostus  lobatust   
pisiformis   

Ampyx      
Arges  phlyctaenodest 
Bey  richia  lata       

symmetrical      
Bronteus  Niagarensist 
Bumastus  Barriensis ... 

Trentonensis      

sp.  ind   
Calyrnene  Beckii      

Blumenbachii   

var.  Niagarensis 
camerata   
Clintoni      
Fischeri   
multicostat   

punctata    
sp.  ind   

Ceraurus  insignis     
pleurexanthemus. . . 
pustulosus      
vigilans      
sp.  ind   
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Table  I. [continued). 

Fossils. 
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Table  11.- -The  Group-relations 

of 

the 

Silurian  Fossils  of  the  State  of  New  Yor, 

[To/ 

ice 

.p- 

420 

Groups. 

Fossils  first  seen  in  this  group.     Original. Received  from  previous  group. Transmitted  to  other  groups. 1 

Typical  and  extinct. 

i | 
| 

< 

| 

0 

B 

e 
S 0 £ 

i 

.= 

£ 

_g 

4 

5 < 

1 I 1 | 

■c 

E s 0 

-a 

£ 0 H ^ | 

;a 

1 

pq 

a 
5 

i 

0 

Pt
er
op
od
a.
 

Ce
ph
al
op
od
a.
 

To
ta
l.
 

'  s 

p. 

|f 

1 

to  |4< 

i 
-c 

I 

Encrinal  Limestone   

Delthyris-Shaly  Limestone   

i 

6 

35 

12 

3 

14 

1 

5 

27 

14 

1 

1 

i 
2 

1 

i 

26 
8 

2 

1 
10 

3 

1 
I 

47 

8 
1 
2 

11 
40 
43 

3 

3 

72 

2 
12 

1 
2 

2 

1 
1 
5 
4 

6 

2 

1 
10 

1 

2 

5 

3 18 

3 
10 

2 

5 

i 
2 
8 
9 

4 
2 

24 
4 
0 

"
3
 

i 
1 

"
2
 

...1 1 
1  2 
3     58 

...  ;     13 

... ;  4 
3  21 
5  35 
8   156 

11  131 

3  17 

!  4? 

3!  58 
5     22 

42  250 
31    25 

17     63 
3     19 

6 

1 
4 
2 
1 
1 

2 

1 
1 
1 

2 

3 
2 

1 

: 

3 

1 

3 

6 
8 
3 
2 
1 
8 

3 

14 
14 

1 

1 

2 

1 
1 

5 

1 

7 

1 

3 
2 

5 

3 
1 

10 

"1 

i 

1 

4 
2 
2 
1 

1 

1 

"1 

2
 
2 

1 
2 

2 
1 

4 
1 
2 

l1
 

7 

10 
5 
6 
8 

24 
10 
4 

42 
24 

6 

3 
2 

"i 

2 
4 

2 

1 
1 
4 
1 
1 

2 

3 
2 

1 

i:
 

'
3
 

2 

0 
6 
2 

1 
8 
9 

0 

13 

17 

2 

3 

2 

1 
i 
4 

4 

1 
2 

5 
1 

1 

2 

2 

4 
2 

1 

1       1 

irs 

13 

5 

5 
1 
4 
3 

"
3
 

i 
3 

32 
10 

3 

11 
1 
4 

27      "
l 

12    ... 

7  ... 

2    ... 

8  ... 

1  '  ... 

4    ... 

1 

1 

25 
5 

2 
1 
8 

2 

1 

1; 

5 
1 
2 

11 

16 

35 
3 

7 
3 

55 

2 
12 
1 
2 

"i 

1 

5 
4 
3 

2 

15 

...  j  "5 

:::ri ...i 1 

2,    8 

5      6 3    ... 

18     4 
2     2 

15    18 

1      3 

2 
12 

6 
4 
6 
3 

7 

31 

7 

13 

...  1  ..." 

1     3 1 
11 

53 

7 
5 

Coralline  Limestone  of  Schoharie   ... «... 
4!    1 

8'... 

3  ... 

7     2 
1   ... 

35     4 

9  ... 14  ... 

12;  ... 

2 

3 

2 

3 
2 

2 

5 
12 

28 

2 

11 

20 
42 

4 
5 
1 

...|    4|  30 

13 
5 

3 
5 
1 
3 
3 

2 

4 

8  103 

3     17 

3     60 

1 
5 

10 
1 

5 

1
'
 

42 

5 
14 

-'11 

23 

50 

15 
6 

3 

1 

C 

37 

77 

M c 52 255 

39 

52 15 8 1 7 

59 

14 

17 

6 15 1  1 

35 

65 

61     3 

1 
33 

40  |  51 

1 
44 1 1 

'1 

The  upper  Pentamerus  Limestone  and  some  of  its  associate  beds  have  many  more  fossils  than  are  here  indicated ;  but  the  species  have  not  yet  been  determined. 

Table  VII. — The  Group-relations  of  the  Devonian  Fossils  of  the  State  of  New  York. 

Taken  from  an  unpublished  Table  of  the  Devonian  Fossils. 
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Table  III. — The  Recurrent  Fossils  of  Trenton  Limestone. 

Fossils. 

Graptolites  pristis      
bicomis      
scalaris   
Sagittarius      

Chaetetes  columnaris    
sp.  ind   

Stromatopora  concentrica  , 
Orbicula  lamellosa1       
Leptaena  alternata   

depressa     , 
imbrex   
sericea   

(Stroph.)  grandis   
Ortbis  parva   

testudinaria   
striatula      

Atrypa  increbrescens    
modesta      

Terebratula  bidentata   
Ambonychia,  sp.  ind   
Tellinomya  machaerifonnis 
Modiolopsis  anodontoides 

modiolaris      
Nucula  levata    

poststriata      
Murcbisonia  uniangulata... 
Bellerophon  bilobatus   
Trocbobtes  ammonius   
Orthoceras  vertebratum  . . . 
Ampyx   
Calymene  Beckii   

punctata    
Platynotus  Trentonensis... 
Isotelus  gigas    
Phacops  limulurus    

Dalmanni   
Trinucleus  Caractaci     

concentricus   
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1  And  in  Genesee  Slate. 
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Table  IV. — Fossils  escaped  from  Lowe?'  to  Upper  Silurian,  into 
and  across  the  Middle  or  Transitional  Period. 

Fossils. 
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Table  V. — Fossils  common  to  Europe  and  the  Niagara  Group  of 
the  State  of  New  York. 

Fossil. 

ZOOPHYTA. 

Favosites  Gothlandica  ?   
Haly sites  catenulatus      
Heliolites  pyriformis?    
Stromatopora  concentrica      
Eucalyptocrinus  decorus   
Atrypa  (Rhynchonella)  bidentata 

aprina      
cuneata?      
affinis   
didyma?       
aspera   

marginalis   
reticularis    
tumida?   
imbricata    
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D,  US,  LS. 
US,  LS. 

D,  US,  LS. US. 

US. WL. 

US. 
WL. 

WL. 
Ludlow. D. 

WS. 

D,  US. 
D. 

WL. 

Country. Authority 

Europe,  Britain  ... 
Europe,  Britain  ... 
Europe,  Britain  ... 
England    
England    
England,  Sweden  . Russia    

Sweden,  England  . 
Moscow,  England . 
England,  Gothland 
France,Rhine,Penn- 
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England     
Europe,  England... 
England,  Sweden  .. 
England     
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V,  H. 

V,H. V,  H. 
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Table  V.  (continued.} 

Fossil. 
European 

position. 

Country. Authority 
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flabellulum  ?    
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crispus      
cyrtaenus   (plicatellus    et 

radiatus)    
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sinuatus   , 
sulcatus   
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Cheirurus  insignis   
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Table  VI. — The  Group-relations  of  the  Fossils  of  the  four  Lower 
Helderberg  Limestones. 
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Table  VI.  (continued.) 
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(   )  plicatus   

* * * * Va,  Sh. 
WL,L 

* 
... 

Sh. 

* 
... 

C. 

D. * 
... 

V. 

* * 
... 

c. 
* ... ... c. 

* 
* 

... 
Va. Va. 

* C. 
* * * * * 

* 
* ... 

Sh. 

C. 
D,US. * ... 

Va. 

* ... 
Va. 

* ... 
... 

... 
... 

* 
* ... 

Sh. Sh. 
WS. 

WS. 
* ... 

Sh. WL. 

* ... ... ... * 
* 

... 

V. 
V. 

WL. 

* ... Sh. WS. 

*> 

* * 
Sh. WL. 

* H. 
* 

.  >• 

... 

H. 

i 

* ... 

C. 
1  Lower  Silurian. 

2  Devonian. 
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[To  face  p.  424. Table  VIII.— The  Recurrent  Fossils  of  the  Devonian  System  of  the  State  of  New  York;  including  the 
species  which  enter  from  the  Silurian. 

Fossils. 

Lower  Silurian. 

Middle 
Silurian. Upper  Silurian. Lower  Devonian. 

Middle  Devonian. 

a 

= 

1 

<3 j 

I 
S — 

1 ■3 J 

a 

i 
I 

o. 

S"
 

i 

3 

6 

= 

~ i 

i 

1 

1 
| 3 

I -: 

5 

c3 

=- 

o 

i 
£ 

1 

-> 

=' 

5 1 
| 

z. u 

a 

J H 5 

u 

5 

-3 

G 

9. 

•a 

s 6 

a 

5 S 6 

;3 

Cauda-galli   

Catenipora  escharoides   
Favosites  alveolaris      

Gothlandica     
Stroroatopora  concentrica   

JLeptaena  crenistria   
depressa    
linearis      
setigera    

Orthis  Tullieusis      
umbonata    

acuminatns   
aperturatus       
cultrijugatus    
heteroclytus     

Niagarensis      

V 

s s s 

ll 

V 
V 

11 
V 
V 

s 

s 

V 

11 

V 

11 

V V 

:. 

V 

ii 

S 

V? 

V 

V 

::: 

V 
V 

Va 

V 

V 

V 

Va 

V 
V 

Va 

V 

V 

V 

V 

V 

v"
 

s 

H 

s 

Va 

s 
s 

V 
11 

V 
V 

H 

II 

II 

H 

V 

H 

S 
s 

ii 

ii 

V 
s 
s 
s 
s 

s 

s 

II 

V 
V 

s 
s 
s 
s 

H 

V 
V 
s 
V 

s 

V 

V 
V 

11 

Urii   
Atrypa  affinis   

didyma    
emacerata  ?   
lentiformis   
prisca   
reticularis    
aspera   

Nucula     

scabriculus   

Avicula  Boydii    
fragilis      
muliilineata     
orbiculata       

Lucina  rugosa      

Calymenc  Blumenbachii      

Pleurotlictyum  problematic  hid 

In  this  Table  the  single 30  ;   the  double  15  ;  the  triple  5  ;  the  quadruple  3  ;  and  the  quintuple  5. 
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Table  VI.  {continued). 

Fossils. 

«4-l 
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O 
a .So 
OJ 

1=3  -O 
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ea  o 
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55  CO 

o 
& O 

03    O 

o 

PQ 

Avicula  naviformis 
rugosa      

Euomphalus  profundus   
sulcatus   

Littorina  antiqua    
Platyceras  Gebhardii   

ventricosum   
Calceola  plicata  ?    
Phragmoceras  ventricosum 
Theca  Forbesii    
Conularia  quadrisulcata  ?... 
Leperditia  alta   
Phacops  Hausmanni   

macrophthalmica    
Asaphus  pleuroptyx   

nasutus   
PAcidaspis  tuberculata   , 
Acantholoma,  sp.  ind   , 
Dicranurus,  sp.  ind   

C,Sh. Va. 

C. Va. 

C. 

C. 
C. 

C,H. 

Va. 

V. 
V. 

C. C. 
C. 

C. 
C. 

UL. 

Table  IX. — The  Recurrence/  of  the  Fossils  of  the  Corniferous 
Limestone. 
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Fossils. 
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* * * 

heteroclytus   * * 
mucronatus      * * 

... 
... * 

* * 
* * 

aspera   * 
Terebratula  concentrica    ... * * 

... 

* 
Rhvnchonella  borealis    * ... ... * 

Avicula  pectiniformis      * •  •• 
•  •• 

... * 
* * 

Belleropbon  striatus   * ... ... * 
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Table  X. — Hamilton  Fossils  common  to  the  State  of  New  York 
and  Europe. 

Authority. 

Hall    

Hall,  DeVern  ... 
Hall    

Sharpe      
Sharpe      
Hall    

De  Vera.,  Sharpe 
De  Verneuil     
Sharpe   
Sharpe      
De  Verneuil     

Sharpe      , 
De  Verneuil   ..... 

Sharpe      
Sharpe      
De  Verneuil     
De  Verneuil     
De  Verneuil    
De  Verneuil    

Sharpe      
De  Verneuil     
De  Verneuil     
De  Verneuil    
De  Verneuil     

Sharpe      
Sharpe      
Sharpe      , 
De  Verneuil    
De  Verneuil     
De  Verneuil    
De  Verneuil    
De  Verneuil     
Hall     

Sharpe      
Hall,  De  Vein.  .. 

Fossils. 

Aulopora  tubaeformis    
Cystiphyllum  cylindricum 
Strombodes  helianthoides 

Athyris  concentrica   , 
lamellosa   , 

Atrypa  affinis    
Leptaena  Dutertrii   

(Stroph.)  laticosta  ... 
(   )  Sharpei    Orthis  eximia   
Michelini   

opercularis    
umbonata       

Productus  Fragaria  ?   
scabriculus    
subaculeatus      

Spirifer  cultrij  ugatus    
heteroclytus      
mucronatus   
Urii   

Atrypa  aspera   
concentrica   
cuboides    
reticularis      

Terebratula  Nucula   

Avicula  Boydii      

quadrula    
Pterinaea  fasciculata      
Cardium  loricatum   

Gramraysia  Hamiltonensis 
Lucina  proavia      
Sanguinolaria  dorsata   
Nucula  lineata   
Orthoceras  articulatum  ... 
Chemnitzia  nexilis   

Country. 

England   
Ireland,  England 
Europe   

England    
Europe,  England 
Russia,  England. France    
Eifel   

Westmoreland... 
Russia   

Russ.  Belg.  Swed. Russia   
Brittany    

Devonshire   

Europe,  England 
Russ.,  Rhine,  &c. 
Eifel   

Russia,  Engl.,&c. 
Europe   

Scotland,  Devon. 
France,  Rhine  ... 
Europe,  England Europe   
Europe   

Europe,  England 
Westmoreland... 
Westmoreland... 
Nassau   
Eifel   

Eifel,  France    ... 
Eifel   

Eifel,  England... 
England     
Wales    

France,  England. 

Palaeozoic 

position. 

Upper  Sil. 
Upper  Sil. 
Devonian. 
Carbon,  and  Dev. 
Carboniferous. 

Upper  Sil. 
Devonian. 
Devonian. 
Carboniferous. 
Carboniferous. 
Carboniferous. 
Devonian. 
Devonian. 
Devonian. 

Carb.  &  Up.  Dev. 

Upper  Devonian. Devonian. 
Devonian. 
Devonian. 

Carb.  &  Up.  Dev. 
Devonian. 
Devonian. 
Devonian. 
Devon,  and  Sil. 

Upper  Silurian. 
Upper  Silurian. 
Upper  Silurian. Devonian. 
Devonian. 
Devonian. 

Devonian. 
Devonian. 

Devonian. 

Upper  Ludlow. Devonian. 

Table  XI. — European  Fossils  in  the  Chemung  Group  of  the 
State  of  New  York. 

Author. 

Sharpe,  De  V 
Hall      

Sharpe      
Vanuxem    ... 
De  Verneuil 
Hall      
Hall      

Sharpe      
Sharpe      
De  Verneuil 

Fossil. 

Athyris  concentrica. 
Leptaena  (Stroph.)  interstrialis . 

Umbraculum  ?   
membranacea   

Orthis  crenistria   
interlineata   

Unguiculus   
Productus  Fragaria?    

plicatilis?   
subaculeatus      

Country. 

System. 
Europe,  Engl. 

Engl.,  France- 
England,  Eifel 
England    Europe   

England    
Eifel,  England 

England    
Europe,  Engl.. 
France,  Rhine 

Carbonif.,  Dev. 
Devonian. 
Devonian. 
Devonian. 
Carbonif.,  Dev. 
Devonian. 
Devonian. 
Devonian. 
Carboniferous. 

Upper  Devonian 



BIGSBY   PALEOZOIC  BASIN  OF  NEW  YORK. 

Table  XI.  {continued). 

427 

Authority. Fossils.                            Country. 

System. 1 
Eifel   Devonian. 

Devonian. 
Devonian. 
Carbonif.,  Dev. 

Dev.,  Up.  Sil. 
Carbonif.,  Dev. 

Upper  Silurian. Dev.,  Up.  Sil. 

Upper  Silurian. Devonian. 

Dev.,  Up.  Sil. 

Hall      Engl.,  Europe. Eifel   De  Vernueil   ... 
Urii   Europe,  Engl.. 

Belgium,  &c. 
Europe,  Engl.. 
Europe,  Engl.. 
Europe,  Engl.. 
Europe,  Engl.. 
Westmoreland 

Eifel,  Usk    ... 

De  Vernueil   ... 

De  V.,  Sharpe .. reticularis      
Rhynchonella  Nucula   

Avicula  Boydii      
Sh.,  De  V.,  Hali 
De  Verneuil  ... 

On  the  Palaeozoic  Basin  of  the  State  o/New  York. 

Part  II.  Classification  of  the  Palceozoic  Strata  of  the  State  of 
New  York.  By  J.  J.  Bigsby,  M.D.,  F.G.S.,  late  British  Secre- 

tary to  the  Canadian  Boundary  Commission. 

[Read  January  28,  1858.] 

The  task  of  distributing  the  palaeozoic  sedimentary  rocks  of  New 
York  into  natural  divisions  became  easy  after  the  publication  of  the 

'  Silurian  System '  of  Sir  Roderick  Murchison. 
This  State  is  peculiarly  favourable  to  such  studies,  from  the 

directions,  lofty  sides,  and  other  features  of  its  principal  lakes  and 
rivers.  Many  of  the  latter,  such  as  the  Genesee,  Black,  and  Onondaga 
Rivers,  rise  in  the  south,  and,  running  north,  cross  and  lay  bare 
successive  strata  in  the  most  satisfactory  manner.  Other  streams, 
like  the  Mohawk,  in  the  eastern  part  of  New  York,  rise  in  the  west, 
and  also  traverse  nearly  the  whole  series. 

Glacial  and  other  natural  erosions,  as  well  as  some  prolonged 
artificial  excavations,  disclose  the  outcrops  of  the  strata  in  a  succes- 

sion of  exposures  unparalleled  in  number  and  extent.  In  the  coun- 
ties of  Herkimer  and  Otsego  the  cliffs  often  attain  an  elevation  of  a 

thousand  feet,  followed  closely  by  others  surmounting  them. 
No  country  in  the  world,  says  De  Verneuil,  presents  so  complete 

and  uninterrupted  a  development  of  the  Silurian  and  Devonian  sys- 
tems, if  we  except  Sweden,  where  it  is  on  a  small  scale.  In  these 

regions,  therefore,  our  investigations  are  far  simpler  and  more  deci- 
sive than  amid  the  disturbances  of  many  parts  of  Europe.  We  are 

in  the  position  of  the  anatomist  who  examines  a  perfect  animal  in- 
stead of  a  mass  of  dismembered  fragments. 

As  types  of  comparison,  the  palaeozoic  rocks  of  this  State  are  to 
be  preferred  to  any  other,  as  a  whole. 

In  the  following  observations  we  shall  first  consider  the  sediment- 
ary strata  of  this  Central  Basin  under  the  aspect  of  groups,  as 

established  by  the  official  geologists  of  New  York — this  appearing 
VOL.  XIV.   PART  I.  2  F 
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to  be  the  natural  mode  of  proceeding.  We  shall  then  endeavour  to 
show  the  grounds  on  which  these  groups  have  been  combined  into 
stages  and  systems. 

I  am  aware  that,  by  not  including  the  Carboniferous  system  within 
the  scope  of  these  inquiries,  except  incidentally,  some  useful  lights 
are  lost ;  but  the  subject  is  so  extensive  that  my  hands  are  already 
full — not  to  mention  that  there  is  no  coal  in  New  York  State. 

I  was  induced  to  draw  up  a  Synoptical  View  of  the  treasures 
buried,  as  it  were,  in  the  official  Reports  of  the  State  Geologists  of 
New  York  by  a  desire  to  see  them  in  a  more  methodical  and  ac- 

cessible form  ;  and  now  a  similar  feeling  prompts  me  to  explain  the 
stratigraphical  treatment  they  have  received. 

I  venture  to  suggest  the  subjoined  Table  as  exhibiting  the  natural 
arrangement  of  the  palaeozoic  sedimentary  strata  of  New  York. 

This  Table,  which  is  mainly  that  used  by  the  State  Geologists  of 
New  York,  and  which,  like  every  other  part  of  this  paper,  has 
reference  to  that  tract  of  country  only,  I  adopt  and  hope  to  justify, 
having,  however,  presumed  to  introduce  the  two  following  modi- 

fications : — 
1.  I  have  united  into  natural  groups,  A,  B,  C,  and  others,  such 

allied  strata  as  seemed  to  me  needlessly  separated.  These  strata  are 
named  "  sections"  in  the  Table. 

2.  I  have  established  a  distinct  middle  stage  in  the  Silurian  and 

Devonian  systems,  respectively,  of  New  York, — a  division  suggested 
by  others,  but  never  effected,  and  this  partly  on  account  of  the  diffi- 

culty of  finding  a  satisfactory  summit. 
It  must  not  be  forgotten  that  all  such  arrangements  are  imperfect, 

and  that  they  are  made  to  facilitate  reference  and  for  other  uses — to 
give  brief  expression  to  ascertained  facts,  and  to  aid  in  the  construc- 

tion and  use  of  extensive  tables  of  fossils  for  particular  purposes. 
Of  the  separation,  by  American  observers,  of  the  groups  into  the 

four  divisions,  Champlain,  Ontario,  Helderberg,  and  Erie,  very 
little  will  be  said,  as  it  is  merely  geographical,  and  was  proposed 
before  the  almost  universal  prevalence  of  these  strata  was  known. 
It  also  involves  some  false  classification,  in  uniting  the  upper  and 
lower  Helderberg  groups,  for  they  include  rocks  which  do  not  even 
belong  to  the  same  system. 

The  arrangement  of  the  palaeozoic  sedimentary  rocks  of  this  State, 
after  some  few  mistakes  committed  and  corrected,  was  early  agreed 

upon,  and  the  twenty-nine  groups  (sections)  of  our  Table  erected  by 
common  consent.  Granting  that  the  official  Geologists  have  in  some 
instances  been  too  minute  in  their  distinctions  (a  pardonable  error 
in  new  territory,  where  a  broad  base  was  required),  they  are  fully 
justified  in  the  groups  they  have  set  up.  Their  distinctions  might 
have  been  advantageously  carried  still  further,  but  for  the  limited 
faculties  of  man ;  for  a  single  New  York  group  of  moderate  thick- 

ness may  contain  several  "formations"  in  Deshayes'  sense  of  the 
word.  According  to  Deshayes,  a  formation  "is  a  space  of  time  re- 

presented by  a  certain  number  of  beds,  laid  down  under  the  influence 

of  the  same  phenomena;"  or,  in  other  words,  a  formation  is  cha- 
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racterized  bv  the  constancy  of  its  fossils.  (Ami  Boue,  Memoires,  &c, 

pp.  140-144.) 
Our  American  friends  have  only  brought  together  such  contiguous 

strata  as  agree  in  mineral  condition,  fossil  contents,  and  position, 
three  great  tests  of  synchronism  and  common  origin  to  which  the 
various  sections  perfectly  respond.  These  divisions  are  important 
as  well  as  distinct,  and  are  applicable  satisfactorily  over  large  areas, 
always  occupying  the  same  geological  horizon,  but  perhaps  under 
considerable  lithological  variations.  Nearly  every  one  of  these  groups 
has  its  own  mineral  character,  which  usually  softens  or  melts  into 
that  of  its  coterminous  stratum,  their  constituent  earths  not  only 
alternating  in  the  mass,  but  in  their  minuter  commixtures  also,  and 

becoming  more  and  more  seldom  repeated  as  each  stratum  is  pene- 
trated. In  proof  of  this,  reference  may  be  made  to  the  Synoptical 

View  generally. 
Further,  each  group  is  a  natural  and  not  an  artificial  division, 

because  it  is  a  new  zoological  province,  a  true  centre  of  organic  life, 
with  a  fauna  principally  typical,  meaning  by  that  term  the  part 
which  appears  with  the  group  and  perishes.  Examples  of  this  are 
universal. 

Their  claims,  therefore,  each  to  its  separate  place  in  the  great 
series  cannot  be  doubted ;  and  they  are  more  readily  ascertained  in 
New  York  than  in  Wales,  from  the  rarer  admixture  there  of  fossils 
of  different  epochs. 

On  the  separate  Groups  as  arranged  in  the  Table. 

Potsdam  Sandstone  and  Calciferous  Sandstone,  or  Group  A. — 
The  three  lower  natural  aggregates,  marked  A,  B,  C,  form,  as  we 
shall  afterwards  see,  the  lower  stage  of  the  Silurian  system. 

The  first,  or  lowest,  consists  of  Potsdam  Sandstone  and  Calciferous 
Sandstone.  These  strata  undergo  innumerable  slight  or  limited 

lithological  changes,  and  graduate  one  into  the  other  with  conform- 
ableness. All  their  fossils  are  typical  save  one.  In  general,  Potsdam 

Sandstone  contains  few  animal  remains.  In  New  York,  Potsdam 

Sandstone  only  yields  a  Scolithus  (linearis),  two  species  of  Lingula, 
and  a  few  Trilobites,  the  latter  met  with  very  recently. 

On  the  Upper  Mississipi,  Lingulce,  Orbiculce,  and  some  highly 
organized  and  typical  Trilobites  have  been  found  by  David  Owen. 

Calciferous  Sandstone  possesses  a  larger  fauna,  chiefly  consisting 

of  Gasteropoda  (11  out  of  its  19  fossils),  and  three  typical  Ortho- 
ceratites.  The  only  fossil  connecting  these  enormous  sheets  of 
arenaceous  matter  with  the  system  to  which  they  belong  is  the 
Scalites  angulatus  of  Chazy  Limestone.  Group  A,  in  its  lithology 
and  fossil  contents,  then,  is  sufficiently  distinct.  The  second  group, 

B,  is  established  upon  equally  solid  grounds.  It  is  a  series  of  lime- 
stones with  frequent  argillaceous  impurities  and  shaly  alternations, 

especially  in  Trenton  Limestone. 
Trenton  Limestone  is  the  predominant  member.  It  is  three  times 

as  thick  as  Chazy  and  Birdseye  Limestone  taken  together,  and  it  is 
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by  far  the  most  fossiliferous.  But  these  last  (Chazy  and  Birdseye 
Limestones)  retain  their  relative  positions  over  considerable  spaces, 
and  are  the  products  of  the  same  natural  causes  ;  they  are  also  bound 

together  by  a  common  organic  facies  (Sharpe),  and  by  sixteen  import- 
ant species  (in  nine  genera)  of  Silurian  life,  common  to  some  two, 

at  least,  of  the  members  of  this  group. 

Fossils  common  to  the  Three  Members  of  Group  B. 

Fossils. 

Stromatocerium  rugosum 
Chaetetes  Lycoperdon    ... 
Lingula  obtusa    
  (Crania)  quadrata... 
  ovata   
Leptaena  alternata   
Murchisonia  angustata  ... 
  perangulata    

a  - 

03  © 

-n  C 

^  03 

••-*  t-i 33.  H 

Fossils. 
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Pleurotomaria  umbilicata    * 
Orthoceras  duplex    *  ... 

vertebrate   '*  ... 
Ormoceras  gracile 
Illaeniis  Arcturus    . 
  crassicauda    . 
  Trentonensis. 
Bellerophon  bilobatus    * 

The  peculiar  Cephalopod,  Ormoceras  gracile,  is  one  of  these.  The 
Chazy  Limestone  is  remarkable  for  containing  another  species,  to- 

gether with  a  variety ;  they  are  both  typical.  Its  Zoophytes  and 
Bryozoa  have  only  five  species  each ;  but  individuals  so  abound  that 
the  rock  is  often  a  mere  coral-reef. 

On  the  rocky  floor  of  some  shallows  near  the  mouth  of  the 

Madawaska,  a  tributary  of  the  River  Ottawa  in  Canada,  Sir  "W. 
Logan  met  with  a  profusion  of  finely-developed  fossils  of  these  three 
limestones — existing  therefore  in  common.  Thus  it  is  in  Silurian 
rocks  as  in  the  secondary  and  tertiary.  The  Lias,  for  instance,  of 
Yorkshire  is  divided  into  zones,  each  distinguished  by  its  own  fossils  ; 
but  in  following  the  same  strata  to  considerable  distances  (as  in  the 
Silurian  case),  the  organisms  typical  of  one  member  are  seen  to  be- 

come common  to  several  formations,  and  thus  to  combine  all  into  one 

group,  the  Liassic  (Murchison). 
Group  C  consists  of  the  two  very  wide-spread  sections,  Utica  Slate 

and  Hudson-River  group.  It  is  the  uppermost  aggregate  of  the 
lower  stage.  Utica  Slate  has  been  deposited  in  quiet  waters,  as  we 
learn  from  its  homogeneous  character  and  the  smoothness  of  its 

grain ;  while  the  Hudson- River  strata  were  laid  down  in  varying 
depths,  and  often  among  conflicting  currents ;  for  we  find  in  them 
numerous  beds  of  conglomerates  and  breccias,  both  quartzose  and 
calcareous,  the  latter  laden  with  Trenton  fossils. 

In  fact,  a  definition  of  the  Hudson-River  group  in  some  localities 
would  describe  the  Oneida  Conglomerate,  the  stratum  next  succeeding. 
This  vast  deposit  prevails  over  such  wide  spaces,  and  resembles,  as 
just  mentioned,  the  last  section  so  closely,  that  Professor  Rogers  and 
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Sir  William  Logan  are  at  issue  as  to  the  real  position  of  the  mass  of 
slate  and  conglomerate  which  extends  from  Gaspe  to  the  Shawan- 
gunk  Range,  a  distance  of  800  miles, — whether  these  strata  are  of 
the  Hudson-River  or  Oneida  Conglomerate. 

The  distinction  between  this  Group  C  and  its  predecessor  B  is 
broad  in  its  mineral  conditions,  in  the  sudden  diminution  (in  Utica 
Slate)  of  the  abounding  Trentonian  life,  and  in  the  accession  through- 

out Group  C  of  new  and  interesting  invertebrates,  the  majority  of 
them  being  typical.  Utica  Slate,  comparatively  unfossiliferous,  has 
only  ten  typical  species ;  but  the  Hudson-River  group  has  sixty, 
although  the  whole  population  of  the  latter  is  only  three-tenths  of 
that  of  Trenton  Limestone.  Their  Graptolites  are  numerous,  and 
usually  typical. 

This  Group  C,  then,  is  a  distinct  epochal  centre ;  but  it  is  not 
without  its  affinities  to  Group  B,  and  through  their  Brachiopoda 
principally, — this,  however,  not  being  so  great  as  once  thought ;  for 
the  fossils  common  to  both  groups  are  only  one-fourteenth  of  the 
whole. 

Oneida  Conglomerate,  Group  D  of  the  Middle  Stage. — The  sepa- 
ration of  this  stratum  from  every  other  (save  one,  perhaps)  is  justi- 

fied by  its  mineral  structure  and  constitution,  and  by  the  nearly  total 
absence  of  life. 

It  consists  of  an  alternation  of  three  kinds  of  material :  1st,  a  con- 
glomerate of  quartz-pebbles ;  2nd,  a  siliceous  sandstone ;  and,  3rd, 

of  a  hard  red  and  green  shale.  When  the  thin  limestones  of  the 
Hudson-River  section  are  wanting,  and  when  conglomerates  of  white 
and  black  quartz-pebbles  become  frequent,  that  section  can  scarcely 
be  distinguished  from  the  Oneida  Conglomerate. 

Medina  Sandstone  and  Clinton  Rocks,  Group  E. — This  is  entitled, 
for  useful  purposes,  to  be  treated  as  an  independent  formation,  as  will 
be  seen  from  the  following  remarks.  Firmly  as  the  Clinton  strata 
are  linked  to  the  Niagara  group,  they  are  still  more  intimately  and 
extensively  united  with  the  Medina,  and  especially  in  Pennsylvania 
(H.  D.  Rogers).  We  are  speaking  with  sufficient  precision  for  our 
present  object,  when  we  say  that  Group  E  stands  apart  from  all  its 
neighbours  in  its  lithological  aspect, — an  aspect  which  is  perpetually 
changing,  and  which  becomes  calcareous  in  the  west.  These  two 
sections  contain  large  and  beautiful  Fucoids  in  great  quantities  (which 
are  exclusively  their  own),  together  with  several  animal  organisms  in 
common,  and  typical  of  this  group. 

Niagara  Group  and  Schoharie  Coralline  Limestone,  Group  F,  like 
its  kindred  group  H  (Lower  Helderberg),  consists  of  limestones  and 

shales,  which  vary  in  purity  over  the  large  spaces  they  occupy, — 
constantly  returning,  however,  to  their  normal  composition. 

The  main  distinction  of  the  Group  F  resides  in  its  characteristic 
forms  of  animal  life ;  and  this  is  amply  sufficient  to  vindicate  its  in- 

dependence. The  fossils  of  the  Niagara  section  are  mostly  new,  are 
extremely  abundant  in  certain  spots,  and  comprehend  145  typical 
forms  out  of  180.  There  are  here  three  times  as  many  species  of 
Zoophyta,  Bryozoa,  and  Echinodermata  as  there  are  even  in  the  rich 
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domain  of  the  Trenton  section.     Their  delicacy  of  organization  has 
rendered  them  intolerant  of  mineral  change,  and  therefore  typical. 

The  Niagara  fossils  exhibit  much  greater  variety  in  form,  appendage, 
and  ornament  than  those  of  the  lower  stage.  The  Brachiopoda  of 
this  section  are  less  in  number  by  one-third  than  those  of  Trenton ; 
40  of  them  are  new,  out  of  48 ;  and  they  are  very  prolific  of  individuals. 

The  genus  Lingula  has  but  one  representative  here.  Or  this  and 
Leptcena  are  each  one-third  of  the  Trenton  number,  while  Atrypa 
remains  numerous,  and  Spirifer  has  multiplied  fivefold.  9  out  of  13 
Trilobites,  and  7  out  of  10  Cephalopoda  are  typical.  These  are 
striking  facts. 

The  Coralline  Limestone  of  Schoharie  is  admitted  by  all  to  be  a 
part  of  the  Niagara  section.  Although  it  has  30  fossils  peculiar  to 
itself,  principally  Brachiopoda,  Monomyaria,  and  Gasteropoda,  it 
has  7  important  molluscs  in  common  with  the  Niagara  section ;  viz. 
Catenipora  escharoides,  Chcetetes  Niagarensis,  Stromatopora  concen- 
trica,  Spirifer  crispus,  Atrypa  reticularis,  Comulites  serpularius,  and 
Asaphus  Blumenbachii. 

We  must  speak  of  the  four  Lower  Helderberg  formations  in  con- 
nexion with  the  Group  F,  on  account  of  their  intimate  relations  with 

it,  although  separated  by  1000  feet  of  argillo-arenaceous  strata  (Onon- 
daga-Salt  group). 

Group  H  has  been  divided  into  Waterlime  Rock  (lowest),  Lower 
Pentamerus  Limestone,  Delthyris-Shaly  Limestone,  and  Upper  Pen- 
tamerus  Limestone.  In  the  Synoptical  View,  these  beds  have  been 
shown  to  be  of  one  epoch  by  their  mineral  and  fossil  characters,  and 
by  conformableness. 

Though  a  local,  and  in  some  sense  a  supplementary  group,  con- 
fined to  the  State  of  New  York,  these  strata  are  distinct  as  a  series, 

overspreading  considerable  space,  and  nearly  allied  to  the  English 

Wenlock,  but  possessing  typical  fossils,  of  which  Delthyris-Shaly 
Limestone  alone  has  30  ;  the  others  show  fewer,  owing  probably  to 
imperfect  examination. 

The  Onondaga-Salt  Group,  G. — The  strongly- marked  peculiarities 
of  this  group,  with  its  deposits  of  gypsum  and  its  brine-springs,  &c, 
with  its  barrenness  of  fossils  except  about  its  calcareous  capping,  are 
so  clearly  explained  in  the  Synoptical  View,  and  so  conclusive  of  its 
being  a  separate  and  unique  series  of  sediments,  that  no  further 
remark  upon  them  is  required. 

The  Silurian  Stages  of  the  New  York  Basin. 

These  are  three — the  Lower,  the  Middle,  and  the  Upper.  We 
shall  speak  of  them  in  order. 

The  Lower  Stage. — In  this  part  of  the  Central  Palaeozoic  Basin, 
the  lower  stage  does  not  rest  upon  beds  which  can  in  any  sense  be 
considered  as  the  North  American  representatives  of  the  Longmynd 
rocks  of  Wales.  In  the  east  of  New  York  its  beds  issue,  and  proceed 
westwards,  from  the  metamorphic  sheets  of  mineral  matter  which 
floor  most  of  New  England,  and  which  are  in  truth  contemporaneous 
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with  them.  On  the  north,  along  the  great  Lanrentine  ridge,  they 
rest  unconformably  on  a  series  of  metamorphic  rocks,  older  than 
those  just  spoken  of,  and  consisting  of  syenitic  gneiss,  white  marble, 
hornblende-rocks,  chloritic  and  other  slates,  largely  intermixed  with 
phosphate  of  lime. 

But  there  is,  on  the  north  shore  of  Lake  Huron,  and  on  both  sides 

of  Lake  Superior,  600-1000  miles  to  the  west  of  central  New  York, 
an  extensive  suite  of  rocks,  which  stand  in  the  same  relation  to  the 
Silurian  beds  as  do  the  Longmynd  of  Wales.  This  suite  has  been 

carefully  examined  by  Sir  William  Logan*,  Messrs.  Murray,  Whitney, 
and  Foster.  The  quasi-Longmynd  of  Lake  Huron  is  at  the  same 
time  unconformable  to  the  Silurians  above  them  and  the  old  meta- 

morphic rocks  below ;  its  total  thickness  is  about  10,000  feet ;  and  it 
extends  about  80  miles  along  the  shore  of  the  Lake. 

This  formation  is  lithologically  different  from  the  Longmynd  of 

Wales, — being  of  white,  often  vitreous  sandstone,  with  many  beds  of 
quartz-conglomerate ;  and  it  alternates  with  great  masses  of  green- 

stone-slate, and  of  conglomerate  with  pebbles  of  syenite  and  granite 
in  a  matrix  of  greenstone.  A  persistent  band  of  limestone,  150  feet 
thick,  with  thin  layers  of  chert,  is  found  in  the  middle  of  the  series. 
Greenstone-dykes,  large  and  small,  everywhere  traverse  the  strike  in 
considerable  numbers. 

The  rocks  upon  which  the  Huron  Longmynd  rest  are  micaceous 
and  chloritic  schists,  gneiss,  and  granites, — a  continuation  almost 
certainly  of  the  older  metamorphic  rocks  in  more  eastern  Canada. 

It  will  be  convenient  for  the  sake  of  brevity  simply  to  refer  to 

Foster  and  Whitney's  Report  for  information  respecting  these  oldest 
rocks  on  the  south  side  of  Lake  Superior,  and  to  Silliman's  Journal 
(n.  s.  vol.  xiv.  p.  227)  for  the  N.E.  portion  of  that  Lake. 

The  lower  stage  of  the  Silurian  system  is  distinguished  from  the 
others  by  the  four  following  important  features,  besides  a  multitude 
of  minor  details,  as  discovered  by  a  comparison,  section  by  section. 

1.  The  groups  of  the  lower  stage  are  the  most  extensive.  They 
are  in  sheets  1000  and  1400  miles  in  diameter.  We  have  Calciferous 
Sandstone  and  Trenton  Limestone  in  the  Gulf  of  St.  Lawrence,  and 
stretching  westwards  and  southwards  through  the  Canadas,  New 
York,  into  Michigan,  Wisconsin,  Minnesota,  Texas,  &c.  Neither 
are  the  other  groups  very  inferior  in  extent. 

2.  It  is  remarkable  for  the  comparative  uniformity  of  mineral 
condition  of  the  same  section  in  very  distant  countries.  Variations 
occur  frequently,  but  there  is  a  constant  recurrence  to  the  normal 
mineral  type.  The  Potsdam  Sandstone  of  the  Mississipi  or  of  Lake 
Superior  is  described  in  nearly  the  same  terms  as  that  from  eastern 
New  York.  The  difference  consists  in  the  proportion  of  clay  or 
oxide  of  iron  contained.  The  same  may  be  said  of  the  other  strata. 
The  steady,  regulated  mineral  change  westward,  observed  in  the 
middle  and  upper  Silurians  from  east  to  west,  has  not  commenced, — 
a  very  noticeable  fact. 

*  Sill.  Journ.,  n.  s.  vol.  xiv.  p.  225. 
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3.  The  same  species  of  fossils  are,  as  a  consequence,  more  widely 
disseminated  in  this  stage. 

4.  Species  of  fossils  are  few,  and  individuals  are  many  in  the  early 
part  of  the  lower  stage  ;  but  after  the  discontinuity  of  life  at  the  close 
of  Calciferous  Sandstone,  which  was  much  more  complete  than  that 
at  the  close  of  the  Hudson-River  Rocks,  animated  beings  peopled  the 
Lower  Silurian  seas  in  greater  numbers  perhaps  than  in  the  upper 
stage ;  but  upon  the  whole  (for  there  are  exceptions)  their  forms 
are  plainer  and  simpler. 

The  Middle  Stage. — Many  practical  advantages  are  obtained  by 
admitting  the  existence  of  a  middle  stage,  although  there  may  be 
difference  of  opinion  as  to  its  upper  termination  and  other  points. 

In  this  place  I  simply  express  my  belief  that  the  change  of  con- 
ditions, or  break,  which  created  this  middle  or  transitional  stage,  did 

not  proceed  from  a  great  crust-rupture  in  the  region  now  called  the 
United  States,  nor  from  any  disturbance  at  all  comparable  to  the 
post-carboniferous  uplift,  but  perhaps  from  violent  currents  carrying 
westwards  the  products  of  distant  catastrophes,  such  currents  being 
impelled  by  a  crust-undulation.  The  further  discussion  of  this  sub- 

ject I  postpone  to  a  more  convenient  part  of  this  paper. 
The  middle  stage  commences  with  the  Oneida  Conglomerate  of 

eastern  New  York  and  Lower  Canada,  and  it  may  be  made  to  end 
with  the  Clinton  Rocks. 

The  fact  is,  that  in  eastern  and  central  New  York  the  Clinton 
Rocks  have  intimate  and  extensive  relations  with  Medina  Sandstone* 
(still  closer  in  Pennsylvania  according  to  H.  D.  Rogers),  while  in 
the  western  portion  of  the  State  and  in  its  upper  beds  it  has  slowly 
graduated  into  the  Niagara  section,  the  great  mass,  however,  for  some 
hundred  square-miles,  being  arenaceous,  and  in  all  respects  having 
a  transitional  character. 

The  middle  stage  of  the  Silurian  system  in  the  State  of  New  York 

is  firmly  based  upon  the  great  and  frequent  changes  of  mineral  cha- 
racter which  it  presents,  and  upon  the  notable  disappearance  of  Lower 

Silurian  races,  accompanied  by  the  introduction  of  a  few  important 
and  new  forms  of  animal  and  vegetable  life. 

It  is  remarkable  for  the  great  predominance,  first,  of  conglomerate 
and  grit,  and,  secondly,  of  sandstones,  in  the  higher  and  western 
beds,  diversified  almost  ad  infinitum  by  intermixtures  of  clay,  lime, 
and  iron — no  stratum  remaining  the  same  even  for  a  moderate  breadth 
of  country.  Further,  everywhere  in  this  stage  a  gradual  change  was 

always  going  on  in  a  westerly  direction,  from  coarseness  to  fineness — 
from  quartz-shingle  through  clay  to  limestone,  with  all  the  usually 
concomitant  succession  of  new  organisms  which  takes  place  in  existing 
sea-beds. 

*  Hall  (Palaeontology,  &c.  ii.  p.  2)  says  that,  in  the  western  portion  of  the 
State,  the  limit  between  the  Medina  Sandstone  and  the  Clinton  group  is  well 
defined,  and  the  materials  distinct ;  but  in  the  central  part  of  the  State,  the 
Clinton  (like  the  Medina  Sandstone)  begins  by  a  shaly  deposit,  succeeded  by 
alternations  of  sandstone,  in  chai*acter  like  those  of  Medina  Sandstone. 
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We  have  in  the  middle  stage  (Clinton  section)  probably  the  first 
considerable  aggregation  of  iron-ore  in  sedimentary  rocks. 

As  might  have  been  anticipated,  the  middle  stage  does  not  abound 
in  traces  of  life.  For  1000  feet  above  the  Hudson-River  Rocks,  west 
of  the  Oneida  Conglomerate,  we  have  a  homogeneous  argillaceous 
sandstone  totally  barren  of  fossils ;  but  at  about  1 00  feet  from  the 
top  of  Medina  Sandstone  they  begin  to  appear. 

The  supposed  marine  plants,  Palceophyci,  &c,  become,  by  their 
vast  assemblages,  and  sometimes  by  the  beauty  of  their  forms,  a  pro- 

minent feature  of  this  stage. 
The  Brachiopoda  here  (Hall,  Rep.  p.  53)  contrast  with  those  of 

the  lower  stage,  and  species  are  introduced  eminently  significant  of  a 
new  phase. 

Species  of  Orthides  are  much  fewer,  and  even  individuals  are  rare. 
In  the  Leptsenoid  type  we  have  now  for  the  first  time  the  crenulate- 

hinged  Strophodonta  and  the  remarkable  mollusc  Chonetes.  Atrypce 
are  more  numerous  here  than  Leptcena  or  Orthis,  compared  with  the 
lower  stage ;  and  they  have  the  smooth,  round,  or  subcylindrical 
forms  which  rarely  occur  in  the  lower  beds.  Lastly,  we  have  the 
genus  Pentamerus,  which  is  wholly  unknown  in  the  stage  below. 
Three  species,  P.  oblongus,  P.fornicatus,  and  P.  ovalis  (Hall),  are 
restricted  to  the  Clinton  section,  but  others  mount  up  into  Upper 
Silurian. 

There  are  no  Trilobites  in  Medina  Sandstone,  but  we  meet  with 
twelve  in  the  Clinton  group  ;  of  these,  seven  are  typical.  One  species 
of  the  genus  Beyrichia  appears  here,  imbedded  in  iron-ore. 

The  Upper'  Stage. — The  upper  stage  of  this  system  is  constituted 
best  by  placing  the  Niagara  section  at  its  base,  and  by  including  all 
the  superincumbent  strata  up  to  Oriskany  Sandstone.  All  these 
rocks  have  comparatively  permanent  mineral  characters.  The  nume- 

rous changes  of  the  middle  stage  have  either  moderated  or  ceased 
altogether. 

The  Niagara  and  its  four  kindred  limestones  (Lower  Helderberg) 
consist  wholly  of  argillaceous  shales  and  limestones,  the  latter  in 
Niagara  being  sometimes  pure  in  the  west,  or  mixed  with  magnesia, 
or  white  and  sparkling  with  siliceous  drops. 

The  fossils  of  the  upper  stage  are,  except  in  parts,  abundant, 
various,  elegant,  in  great  measure  typical,  and  gregarious.  Upon 
this  subject  we  refer  to  the  observations  on  Group  F  in  page  432. 

The  Devonian  System. 

The  establishment  of  a  new  system  seems  to  be  called  for  on  the 
completion  of  the  Upper  Pentamerus  Limestone.  The  call  has  been 

obeyed,  and  the  new  system  has  been  named  "  The  Devonian."  It 
extends  from  Oriskany  Sandstone  to  the  summit  of  the  Catskill 
group,  or  the  Old  Red  Sandstone. 

The  Devonian  system  is  established  in  New  York  on  the  following 

grounds,  among  others  : — 
1.  It  is  introduced  by   gritty    calcareous  sandstones,  composed 
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discemibly  of  fragments  of  hypogene  rocks,  such  as  mica?,  felspar, 
and  quartz, — indications  of  some  disturbance. 

2.  There  is  here  a  sudden  and  almost  total  change  of  fossil  life. 
Not  only  are  nearly  all  the  Silurian  fossils  extinguished,  but  we  wit- 

ness the  accession  of  many  new  genera  of  invertebrates,  and  the  first 
appearance  of  fish  and  reptiles  in  North  America. 

3.  Small  but  certain  indications  of  terrestrial  vegetation  are  here 
met  with. 

The  Devonian  system  covers  about  one-third  of  the  State  of  New 
York,  and  especially  its  central  and  southern  districts.  It  was  pro- 

bably De  Verneuil  that  first  announced  its  true  palaeozoic  limits,  from 
having  discovered  the  remains  of  fish,  the  Goniatite  of  Nassau, 
Murchisonia  bilineata,  Productus  subaculeatus,  Athyris  concentrica, 
large  Spiriferi,  and  many  other  characteristic  fossils  in  the  strata 
beginning  with  Oriskany  Sandstone  and  ending  in  Coal-measures. 

The  Devonian  fossils  of  this  basin,  even  with  the  most  sanguine 
expectations  of  James  Hall  as  to  the  result  of  future  research,  are 
much  fewer  than  those  of  the  Rhenish  provinces  and  other  parts  of 
Europe. 

In  Eastern  Canada  (Gaspe)  the  Devonian  is  7000  feet  thick,  ac- 

cording to  Sir  "William  Logan ;  but  in  New  York  the  greatest  thick- 
ness of  the  Devonian  is  4000  feet ;  and  it  thins  out  west,  disappear- 
ing entirely  beyond  the  Mississipi,  where  the  carboniferous  rocks 

repose  on  Silurian  strata.  In  Arkansas,  more  to  the  south,  however, 
the  Devonian  (Chemung,  Rogers)  is  in  great  force  again,  as  well  as 
in  Nova  Scotia  (Dawson),  and  in  Massachusetts,  near  Boston,  as 
detected  by  Professor  Agassiz. 

The  five  groups  into  which  I  have  compressed  the  twelve  sections 
of  the  American  geologists  will  now  be  noticed  seriatim,  and  then 
the  three  stages  into  which,  for  convenience,  I  have  divided  them. 

See  Table  VII.  in  the  '  Synoptical  View,'  for  the  group -relations of  the  Devonian  fossils  of  New  York. 

Groups. 

Oriskany  Sandstone,  Caudagalli  Grit,  Schoharie  Grit.  Group  I. 
— These  three  beds  being,  in  truth,  one  deposit,  we  treat  them  as 

such  (see  '  Synoptical  View').  We  observe  that  the  Lower  Devonian 
stage  begins,  like  the  Lower  Silurian  and  the  Upper  Devonian,  with 
a  sandstone,  containing  so  much  disseminated  calcareous  matter,  as, 
first,  to  be  a  calciferous  sandstone,  terminating  upwards  abruptly  in 
a  limestone,  which  has  received  the  name  of  the  Onondaga  Lime- 

stone. Lithologically,  therefore,  the  Oriskany  Sandstone,  with  its 
small  subordinates,  is  clearly  separate  from  all  other  Devonian 
deposits. 

The  facies  of  the  fossils  of  this  group  is  Devonian,  and  they  are 
often  of  large  size, — a  Devonian  characteristic  ;  thirteen  are  original 
and  six  typical.  It  contains  two  Silurian  Brachiopoda.  Its  five 
Spiriferi  are  distinctly  Devonian,  as  are  its  Cyrtoceras  (Eifel)  and 
the  Pleurorhynchus  (?) .     Schoharie  Grit  has  yielded  more  than  one 
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indisputable  specimen  of  fish-remains  (Asterolepis).  x\ll  this  taken 
together,  according  to  Hall  and  De  Verneuil  (Sill.  Journ.  vii.  320, 
n.  s.),  permits  us  to  place  Oriskany  Sandstone  on  the  same  horizon 
with  the  Rhenish  Spirifer-Sandstein  of  Sandberger, — that  is,  at  the 
base  of  the  Devonian  system  (Murchison,  Siluria,  p.  373). 

Onondaga  and  Corniferous  Limestones.  Group  II . — These  closely- 
connected  strata  are  severed  abruptly  from  the  subjacent  grits.  Their 
lithology  requires  no  further  notice  than  to  state,  that  the  latter  is 
marked  by  the  great  quantity  of  silica  it  contains,  both  infiltrated 
and  in  layers. 

Onondaga  Limestone  presents  us  with  twenty-seven  original  and 
twenty-two  typical  fossils.  This  includes  twelve  species  of  zoophytes  ; 
four  of  them  having  ascended  from  the  Niagara  section.  It  is  often 
a  true  coral-reef. 

The  Corniferous  Limestone  has  but  one  zoophyte,  but  has  nineteen 

original  brachiopods  and  twenty-two  typical  fossils  in  seven  genera. 
Group  II.  therefore  comprehends  two  independent  epochal  centres 
of  life. 

Marcellus  Shale,  Hamilton  Rocks,  Tully  Limestone,  and  Genesee 

Slate.  Group  III. — Marcellus  Shale  acquires  a  distinct  position  by 
holding  the  earliest  American  Goniatites  (G.  expansus,  G.  Marcellen- 

sis),  as  well  as  by  its  eighteen  typical  fossils.  But  in  the  '  Synoptical 
View '  this  shale  has  been  shown  to  be  simply  the  lower  part  of  the 
richly  fossiliferous  Hamilton  section. 

This  last-named  formation  has  119  original  organisms,  and  its 
typical  forms  amount  to  the  great  number  of  106  ;  they  are  princi- 

pally Brachiopoda  and  Lamellibranchiata.  It  gives  us  the  charac- 
teristic fossil,  Goniatites  punctatus,  and  the  first  Inoceramus  (ovi- 

formis).  Tully  Limestone  is  a  thin  stratum,  which  must  have  been 
noticed  for  industrial  purposes,  as  it  is  only  a  slender  aggregation  of 
the  calcareous  matters  which  often  pervade  the  Hamilton  section. 

Genesee  Slate  is  poor  in  fossils,  with  but  four  typical  Brachiopoda. 
There  are  reasons  indeed  why  it  should  be  rather  united  to  the  next 
succeeding  group. 

Portage  and  Chemung  Rocks.  Group  IV. — These  sandstones  and 
shales  are  the  product  of  the  same  epoch,  and,  according  to  H.  D. 
Rogers,  ought  never  to  have  been  separated.  In  their  fossil  contents, 
however,  they  are  distinct.  Of  the  nineteen  original  Portage  species, 
only  two  enter  the  Chemung — one  of  these  being  Clymenia  compla- 
nata  ?  With  the  older  groups  just  reviewed,  the  Portage  has  very 
slight  connexion. 

The  Chemung  assemblage  of  strata  are  placed  apart  from  all  others 
by  the  presence  of  sixty  typical  fossils,  having,  at  the  same  time, 
sixty-eight  which  are  original.  They  are  almost  wholly  Brachiopoda 
and  Monomyaria,  as  in  the  Hamilton  section,  with  which  the  affini- 

ties of  the  Chemung  rocks,  both  lithological  and  vital,  are  very  strong, 
although  separated  by  three  sections  of  strata. 

The  Catskill  Strata.  Group  V. — This  is  distinguished  at  once 
from  its  predecessors  by  the  instant  arrest  of  molluscan  life,  and  the 
presence  of  Holoptychius  nobilissimus  and  other  Old  Red  Sandstone 
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fishes.  The  tranquillity  in  which  the  middle  stage  of  the  New  York 
Devonian  system  was  deposited  ceases,  to  be  succeeded  by  the  mo- 

derate disturbance  indicated  by  the  alternating  conglomerates,  grits, 
and  sandstones  which  are  henceforth  continuous  into  the  Carboni- 

ferous era.  The  Catskill  group,  therefore,  has  in  North  America 
both  place  and  period  of  its  own. 

The  Stages  of  the  Neiv  York  Devonian  System. 

We  are  now  to  treat  of  the  three  stages  into  which  it  is  proposed 
to  divide  this  system — the  Lower,  Middle,  and  Upper. 

The  Lower  stage  begins  with  Oriskany  Sandstone,  the  Middle 
with  Marcellus  Shale,  and  the  Upper  with  Catskill  Sandstone — the 
representative  of  the  Old  Red  Sandstone  of  Europe. 

The  Lower  Stage. — This  stage  is  not  without  its  difficulties.  The 
sandstone  at  its  base,  with  its  two  attendant  grits,  though  truly  Devo- 

nian, is  local,  but  not  found  largely  in  New  York,  and  only  found 
largely  in  Pennsylvania.  It  does  not  exist  in  Canada,  Ohio,  and  the 
West ;  and  thus  becomes  of  limited  use  as  a  permanent  horizon. 
Seeing  this,  the  lower  stage  might  be  made  to  consist  of  the  Cor- 
niferous  Limestone  and  Onondaga  Limestone,  its  smaller  associate 
(subjacent),  when  we  should  have,  as  in  nature,  a  vast  and  constant 
plane  of  reference  in  the  western  countries  (Hall)  based  directly  upon 
the  Niagara  beds, — thus  forming  over  the  face  of  these  regions  a 
calcareous  mantle  of  surpassing  extent  and  thickness  ;  because  it  will 
be  remembered  that  the  Onondaga  Salt-group  and  the  four  (Wenlock) 
Limestones  above  it,  which  in  New  York  help  to  fill  up  the  interval 
between  Onondaga  Limestone  and  Niagara,  besides  being  very  thin 
in  parts  of  New  York  itself  (Hall,  Rep.  p.  151),  disappear  in  the 
W.S.W.  (Hall). 

De  Verneuil  (Bull.  Soc.  Ge'ol.  Fr.  2  ser.  iv.  670,  &c.)  begins  the 
lower  stage  with  Oriskany  Sandstone ;  for,  according  to  Hall,  its 
deposition  was  preceded  by  a  violent  movement  of  the  waters,  which 

denuded  and  hollowed  out  the  ground*  ;  and  its  fossils  are  analogous 
to  those  of  the  Devonian  era,  such  as  the  great  Spirifers,  which  are 
quite  unknown  in  true  Silurian.  H.  D.  Rogers  (Rep.  Assoc.  Adv. 
Science,  1856,  p.  178)  also  finds  a  distinct  plane  of  discontinuity  in 
Pennsylvania  on  this  horizon,  dividing  the  Lower  Helderbergs  from 
Oriskany  Sandstone. 

The  lower  stage  consists  of  a  calcareous  sandstone  succeeded  by 
limestone,  all  the  principal  sediments  having  fossils  exclusively  their 
own.     It  therefore  has  a  well-defined  existence. 

The  Middle  Stage. — Marcellus  Shale  is  selected  as  the  base  of  this 
large  and  highly  fossiliferous  stage ;  1st,  because  of  its  abrupt  sepa- 

ration from  the  Corniferous  Limestone ;  2ndly,  from  its  being  the 
first  of  along  succession  of  shales  and  sandstones  ;  and  3rdly,  because 
it  is  almost  completely  independent,  as  to  animal  life,  of  all  previous 
deposits. 

*  In  certain  cases  this  may  have  occurred,  but  not  in  others ;  for  Oriskany 
Sandstone  graduates  from  Delthyris  Shaly  Limestone.  In  a  few  feet,  the  change 
is  effected ;  and  Silurian  life  is  extinguished,  or  nearly  so. 
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This  stage  embraces  the  two  groups  III.  and  IV.  Both  of  them 
are  mainly  alternating  depositions  from  quiet  waters  of  argillaceous 
and  arenaceous  mud  ;  group  No.  III.  occasionally  possessing  more 
or  less  of  limestone,  either  minutely  disseminated  or  in  seams.  It 
has  been  shown  elsewhere  that  the  fossil-relations  of  the  different 
parts  of  this  stage  are  nowhere  unfrequent,  but  are  remarkably  close 
between  the  Hamilton  and  Chemung  Rocks.  This  is,  therefore,  a 
natural  stage. 

Upper  Stage. — This  stage  includes  the  numerous  and  varied  strata, 
of  great  thickness,  in  the  southern  districts  of  New  York,  which  have 
been  associated  together  under  the  name  of  the  Catskill  Sandstones. 

This  is  a  safely-designated  horizon.  With  perfect  conformable- 
ness, there  is  here  a  sudden  change  of  lithological  constitution.  In- 
stead of  an  impalpable  mud,  we  find  boulders,  pebbles,  grit,  and  red 

sandstone,  with  occasional  shales.  The  fossils  of  the  middle  stage 

have  all  disappeared,  and  two  new  Dimyaria  (Cypricardites  angus- 
tata  and  C.  Catskillensis,  Vanuxem)  are  the  only  representatives  of 

the  molluscan  type  remaining ;  while  some  of  the  fish  and  plants  be- 
longing to  the  Old  Red  Sandstone  of  Europe  are  present  in  moderate 

numbers. 

Inferential  Propositions. 

In  possession  of  the  stratigraphical  details  contained  in  the  c  Synop- 
tical View '  and  in  the  preceding  pages,  it  seems  desirable  to  bestow 

some  attention  on  historical  geology,  and  to  pronounce,  if  possible, 
on  some  of  the  influences  which  have  resulted  in  the  present  aspect  and 
condition  of  the  palaeozoic  sedimentary  beds  of  the  State  of  New  York. 

Of  these  influences  or  conditions,  two,  which  are  not  the  least 
important,  according  to  the  views  of  many  geologists,  may  be  summed 
up  in  the  following  short  propositions  : — 

1.  That  from  the  Potsdam  Sandstone  to  the  summit  of  the  Car- 

boniferous rocks,  these  strata  were  laid  down  in  comparative  quiet ; 

subject  to  secular  oscillations — vertical,  variable,  perhaps  constant, 
and  which  led  to  considerable  superficial  changes. 

2.  That  their  elevation,  foldings,  fracture,  and  metamorphism  were 
effected  after  the  deposition  of  the  whole,  in  a  single  prolonged 
transaction,  and  principally  in  a  N.E.  and  S.W.  direction  along  the 
present  Appalachian  ridges  and  their  continuation  from  Labrador  to 
the  Gulf  of  Mexico. 

From  these  statements  the  Professors  Rogers  dissent ;  but  prin- 
cipally as  regards  the  period  at  which  the  great  crust-movement 

spoken  of  in  the  second  proposition  took  place. 
I  shall  first  endeavour  to  support  the  propositions  just  laid  down, 

and  shall  afterwards  address  myself  to  the  views  of  our  able  Ame- 
rican brethren. 

I.  With  regard  to  the  first  proposition — 
1 .  This  is  made  very  probable,  if  not  proved,  by  an  examination  of 

the  uniting  planes  of  coterminous  sections  or  sets  of  beds.  With 
rare  exceptions,  they  are  all  undisturbed  and  conformable  in  New 
York,  as  may  be  seen  through  the  whole  ample  series  of  palaeozoic 
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rocks  in  that  State.  These  strata  are,  therefore,  the  offspring  of 
quiet  times,  not  excepting  Oneida  Conglomerate,  when  out  of  a 
certain  disturbed  district,  and  when  acted  on  by  currents  only.  To 
this  conformability  in  the  several  important  sections  with  which  I 
am  acquainted,  I  offer  personal  testimony. 

2.  This  rest  from  plutonic  interference  is  indicated  by  the  usual, 
and  often  extreme,  fineness  of  the  deposit,  and  by  the  small  pro- 

portion of  conglomerate  or  breccia  in  these  ever-varying  strata ; 
coarse  materials,  indeed,  are  often  due  to  surf-action,  or  to  currents 
urged  on  by  winds. 

3.  It  is  indicated  by  the  very  gradual  mineral  passage  from  one 
stratum  to  another  during  the  palaeozoic  age. 

4.  It  is  indicated  by  the  fact  that  fossils  are  in  common,  in  many 
coterminous  strata,  for  certain  thicknesses. 

This  proposition  is  adopted  by  many  leading  geologists  in  America. 

James  Hall,  in  his  Official  Report,  p.  20,  says,  "From  the  absence 
of  all  extensive  disturbances  of  the  strata,  we  are  enabled  to  trace  an 

uninterrupted  series  from  the  Potsdam  Sandstone  to  the  Old  Red." 
In  his  *  Palaeontology'  (vol.  i.  p.  xv.),  the  same  author  regards  "the 

entire  succession  as  forming  a  series  intimately  linked  together  by 
the  nature  of  its  organic  contents,  and  showing  no  important  changes 

till  we  arrive  at  the  Old  Red  Sandstone."  Again  (Sill.  Journ.  n.  s. 
vii.  49),  James  Hall  makes  the  decisive  statement,  "  During  all  the 
time  of  its  deposition  [the  palaeozoic  formation  in  North  America], 

the  surface  was  free  from  great  disturbances." 
Prof.  Emmons,  one  of  the  State-geologists  (Rep.  p.  99),  remarks 

that,  "  In  the  whole  space,  such  is  the  order  and  regularity  in  the 
succession  [of  the  New  York  palaeozoic  rocks],  that  we  meet  with 
no  unconformable  masses,  nor  sudden  and  abrupt  passages  from  one 
group  or  series  of  rocks  to  another.  There  is  a  gradual  sequence 
or  transition  from  one  mass  to  another." 

Sir  William  Logan  (Canad.  Journ.  1854,  p.  1),  speaking  of  the 
New  York  strata  continued  into  Canada,  writes :  "  These  various 
formations  are  a  set  of  close-fitting,  conformable  sheets,  intersected 

by  the  general  surface  of  the  country." 
De  Verneuil  (Bull.  Soc.  Geol.  de  France,  2  ser.  iv.  684)  says : 

"During  the  whole  period  in  which  the  palaeozoic  ' terrain'  was 
being  deposited  in  North  America,  the  earth  was  free  from  great 

perturbations." Dr.  Fitton  has  informed  me  that,  after  careful  personal  examina- 
tion of  the  palaeozoic  rocks  of  Wales,  in  company  with  our  late  Pre- 

sident, Daniel  Sharpe,  he  is  of  opinion  that  the  whole  belong  to  the 

same  grand  epoch,  and  may  be  called  Cambrian  or  Silurian  at  plea- 
sure, according  as  the  observer  begins  at  the  bottom  or  at  the  top 

of  the  series. 

Sir  Roderick  Murchison,  in  his  '  Silurian  System,'  gives  proof 
upon  proof  of  the  gradual  passage  of  nearly  all  the  Welsh  deposits 
into  each  other,  together  with  five  distinct  instances  (and  perhaps 
more)  of  the  Lower  Silurian  being  continuous  into  the  Longmynd 
rocks  (pp.  256,  352). 
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The  oscillations  referred  to  in  the  first  proposition  did  not  disturb 
the  conformableness  of  the  strata,  because  they  operated  on  the  whole 
equally  and  simultaneously. 

II.  The  second  proposition,  namely,  that  the  only  great  plutonic 
disturbance  in  the  palaeozoic  series  we  are  now  concerned  with  took 
place  after  the  deposition  of  the  coal-measures,  rests  on  the  following 
considerations,  among  some  others  which  will  appear  in  the  sequel : — 

1st.  Because  the  disturbed  country  (the  Appalachian  Ridge)  on 
the  Atlantic  side  of  North  America  is  gathered  up  and  compacted 
into  one  mass,  and  exhibits  the  working  of  a  single  cause,  most  power- 

fully in  the  centre,  less  and  less  laterally,  but  nevertheless  extending 
sideways,  in  deep-seated  throes,  to  great  distances,  and  there  showing 
itself  in  broad  undulations  or  low-arched  domes,  or  in  minor  frac- 
tures. 

2ndly.  Because  the  axes  or  lines  of  uplift,  both  principal  and  sub- 
ordinate, are  continuous  in  nearly  the  same  direction  for  the  great 

distance  of  1500  miles,  with  the  usual  great  transverse  fissures,  ac- 
cording to  the  State-geologists  employed  in  these  regions.  These 

axes  are  sometimes  in  straight  lines  for  100  miles  together,  and  in 
one  instance  for  more  than  200  miles. 

3rdly.  Because,  in  like  manner,  the  dips  and  foldings,  so  close, 

highly  inclined,  and  sharp  along  the  central  line  of  disturbance,  gra- 
dually open  wider  and  wider,  become  undulatory,  and  finally  hori- 
zontal continuously  from  stratum  to  stratum,  as  they  depart  west- 
wards, and  floor  the  flat  countries  there. 

4thly.  Because  the  whole  series  of  the  palaeozoic  formations  of 
Middle  North-east  America,  from  the  oldest  to  the  newest,  was  equally 
affected  over  the  tract  of  country  just  referred  to ;  the  coal-measures 
(the  newest)  fully  partaking  of  the  great  and  general  disturbance, 
becoming  anthracitic,  and  then  slowly  returning  to  the  bituminous 
state,  and  to  horizontality,  as  they  pass  into  the  Western  plains,  away 
from  the  seat  of  elevatory  action.  This  is  universally  admitted,  and 
has  been  beautifully  explained  by  Professors  W.  B.  and  H.  D. 
Rogers. 

5thly.  Because,  as  would  occur  in  singleness  of  action,  in  most  of 
the  other  strata,  the  return  westward  to  their  original  position  and 
mineral  state  is  gradual — as  is  seen  in  the  natural  sections  of  the 
Mohawk  Valley,  and  about  the  head  of  Lake  Champlain.  The 
proximity  of  the  Atlantic  Ocean,  together  with  certain  overlying 
Tertiaries,  prevents  our  observing  this  on  the  east  of  the  Appalachian 
Ridge. 

6thly.  Because,  as  J.  D.  Dana  (Address,  Sill.  Journ.  n.  s.  xxii. 

p.  311)  expresses  himself,  "simplicity  of  structure  is  the  feature  of 
American  geology."  Hence  the  lessened  probability  of  oft-repeated  re- 

volutions ;  which  revolutions  on  the  western  continent  are  remarkable 
for  completeness,  and  for  their  clear  exhibition  of  geological  principles. 
All  this  is  in  strong  contrast  with  the  complex  and  mangled  condi- 

tion of  European  palaeozoic  formations. 
7thly.  Because  the  upheavals,  fractures,  and  inversions  hinted  at, 
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but  not  pointed  out,  by  that  highly  esteemed  State-geologist,  Mather, 
as  having  occurred  before  and  near  the  period  of  the  Shawangunk  Grit 
or  Oneida  Conglomerate,  are  situated  among  the  wrecks  of  the  post- 
carboniferous  catastrophe,  and  are  therefore  obnoxious  to  the  gravest 
doubts  as  to  their  real  origin.  Neither  is  a  disturbance  so  timed 
necessary  to  explain  appearances. 

The  localities  referred  to  are  on  the  River  Rondout,  a  tributary  of 
the  Hudson  River,  and  Mount  Becraft,  near  the  city  of  Hudson,  on 
a  spur  of  which  eminence  Professor  H.  D.  Rogers  met  with  an  im- 

portant section,  which  I  have  not  seen. 
8thly.  Because,  if  the  great  Canadian  assemblage  of  strata,  called 

Oneida  Conglomerate  by  Sir  William  Logan,  but  Hudson-River 
group  by  Professor  H.  D.  Rogers  in  conversation  with  me,  should 
be  the  latter,  we  have  evidence,  in  its  numerous  alternations  of  vary- 

ing breccias  and  conglomerates,  that  the  disturbances  (if  any)  com- 
menced with  the  end  of  Utica  Slate,  and  therefore  at  another  and 

earlier  period  than  when  the  Oneida  Conglomerate  was  thrown 
down. 

J.  D.  Dana,  the  learned  naturalist,  who  in  extensive  travel  and 
philosophical  spirit  is  the  Charles  Darwin  of  America,  I  was  very 
lately  gratified  in  no  common  degree  to  find,  absolutely  affirms  my 

two  propositions  in  the  following  forcible  words  : — "All  the  various 
oscillations  that  were  in  slow  movement  through  the  Silurian,  De- 

vonian, and  Carboniferous  ages,  and  which  were  increasing  their  fre- 
quency throughout  the  last,  were  premonitions  of  the  great  period  of 

revolution  when  the  Atlantic  border,  from  Labrador  to  Alabama,  was 
at  last  folded  up  into  mountains,  and  the  Silurian,  Devonian,  and 
Carboniferous  rocks  were  baked  or  crystallized.  No  such  event  had 
happened  since  the  revolution  closiug  the  Azoic  period.  From  that 
time  on,  all  the  various  beds  of  succeeding  ages,  up  to  the  top  of  the 
Carboniferous,  had  been  laid  down  in  horizontal  or  nearly  horizontal 

layers,  over  New  England,  as  well  as  in  the  West :  for  the  conti- 
nent, from  New  England  westwards,  we  have  reason  to  believe,  was 

then  nearly  a  plain.  There  had  been  no  disturbances,  except  some 
minor  uplifts.  The  deposits,  with  some  small  exceptions,  were  a 

single  unbroken  record  until  this  Appalachian  revolution."  This  was 
one  of  the  most  general  periods  of  catastrophe  and  metamorphism  in 

the  world's  history. 
In  speaking  of  parts  of  Wales  and  districts  adjacent,  Professor 

Phillips  (Memoirs  Geol.  Surv.  ii.  p.  207)  might  be  the  historian  of 
the  palaeozoic  deposits  of  New  York. 

He  uses  the  following  language  : — "  All  these  districts,  after  hav- 
ing been  part  of  a  sea-bed  subject  to  continual  or  interrupted  sub- 

sidence, were  displaced  by  one  great  system  of  mechanical  forces 

operating  through  one  period  of  time."  This  is  a  close  definition 
of  my  views. 

Objections  discussed. — As  has  been  mentioned  already,  the  two 
propositions,  which  I  have  thus  been  endeavouring  to  maintain,  are 
not  fully  acquiesced  in  by  the  Professors  Rogers  and  other  eminent 
geologists.      We  shall  now  enter  upon  the  delicate  task  of  both 
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stating  and  testing  the  opinions  of  the  gifted  brothers  we  have  just 
named,  who  have  most  successfully  devoted  their  great  intellects  in 
life-long  labours  to  the  study  of  physical  geology,  and  under  the 
most  favourable  circumstances. 

As  some  apology  for  differing  with  geologists  of  the  first  order, 
some  of  them  perhaps  less  familiar  with  quiet  than  with  disturbed 
districts,  I  may  be  permitted  to  say,  that  it  is  unfaithful  to  scientific 
progress,  and  to  the  sacredness  of  truth  itself,  to  rest  too  exclusively 
on  authority, — not,  after  unbiased  study  and  inquiry,  to  write  mo- 

destly what  we  think  honestly.     Neither  do  I  stand  alone. 
In  our  examination  of  the  different  groups  of  the  Lower  Silurian 

stage,  we  have  seen  a  greater  or  less  connexion  between  them,  and 
commonly  both  as  to  fossils  and  mineral  character  ;  but  on  the 

complete  deposition  of  the  Hudson-River  rocks  new  conditions  su- 
pervene ;  and  all  observers  are  agreed  that  here  is  placed  a  dis- 

memberment— a  cessation,  in  degree \  of  palaeozoic  sequences,  and 
therefore  a  new  starting-point. 

So  far  all  opinions  coincide ;  but  opposite  sides  are  taken,  and  main- 
tained with  honourable  pertinacity,  as  to  whether  this  stop  or  break 

is  a  break  of  system  or  of  stage ;  in  other  words,  whether  or  not  all 
below  the  Oneida  Conglomerate  of  Middle  North-east  America  should 
be  denominated  Cambrian^  and  all  above  it  Silurian. 

If  the  two  propositions  stated  in  page  38  be  true,  as  I  believe 
they  are,  the  limited  change,  physical  and  vital,  which  they  admit, 
at  this  period,  is  reduced  to  the  inferior  significance  and  value  of  a 
break  of  stage  only.  If,  however,  with  Professors  Rogers,  Sedgwick, 
and  other  eminent  men,  we  see  a  wide  extending  crust-rupture  of 
almost  unparalleled  force  and  range,  at  the  period  of  the  Oneida  Con- 

glomerate, by  which  utter  destruction  fell  upon  existing  surfaces,  fol- 
lowed by  a  totally  new  series  of  deposits  and  their  inhabitants,  then 

this  break  is  to  be  deemed  systematic. 
Before  exhibiting  more  fully  the  views  of  these  gentlemen,  I  beg 

to  observe  that  they  appear  to  have  formed  too  low  an  estimate  of 
the  change  of  all  conditions  implied  in  the  establishment  of  a  system. 

A  new  system  at  any  epoch  is  not  necessarily  created  by  a  mode- 
rate change  of  levels,  by  the  presence  of  conglomerates,  or  by  the 

extinction  of  a  fauna.  Were  this  the  case,  systems  would  almost 
equal  in  number  the  Silurian  sections  themselves. 

Much  more  is  required.  If  we  pass  from  one  system  to  another, 
as  from  the  Silurian  to  the  Devonian  (which  is  a  mild  instance), 
we  find  a  new  phase,  new  actions,  and  new  animal  forms  in  the 
latter,  and  these  of  great  import.  Little  physical  disturbance  has 
taken  place.  Dry  land  has  increased  in  quantity ;  and  we  have  a 
terrestrial  vegetation  for  the  first  time.  The  molluscs  have  a  new 
facies,  are  very  much  larger,  more  ornamented,  and  rather  more 
numerous  than  in  Silurian  sediments.  Few  of  the  old  forms  are  left ; 

many  new  and  singular  animals  come  forth  ;  and,  what  in  scientific 
value  exceeds  all  other  considerations,  a  novel  and  completely  dif- 

ferent type  of  life  is  introduced — the  vertebrate  (in  the  forms  of 
fishes  and  reptiles) — a  type  which,  after  many  and  constantly  ascend- 
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ing  modifications,  through  countless  ages,  has  become  the  tabernacle 
of  the  highest  order  of  existences. 

If  we  leave  the  Devonian  for  the  Carboniferous  system,  the  scene 
is  totally  changed.  In  the  latter  we  are  presented  with  buried  jungle 
in  layer  upon  layer,  spreading  over  enormous  spaces  (1,000,000 
square-miles  in  one  body),  distinctly  of  terrestrial  origin,  and  inter- 

mingled for  the  first  time  with  freshwater  deposits — unless  Austen  is 
right  in  regarding  some  of  the  Devonian  rocks  as  freshwater  (Journ. 
of  Proc.  Geol.  Soc.  xii.  p.  51).  Marine  life  is  new,  various,  and 
prolific. 

And  thus  we  might  advance  along  the  whole  series  of  sedimentary 
rocks ;  but  this  may  suffice  to  show  that  systems  exhibit  differences 
which  are  profound  and  universal,  in  comparison  with  which  those 
introduced  with  the  Oneida  Conglomerate  were  small  indeed. 

The  following  paragraphs  contain  such  a  summary,  however  im- 
perfect, of  the  opinions  on  this  subject  of  Professors  Rogers  as  is 

compatible  with  the  limits  of  this  paper ;  and  they  are  an  abstract 

from  the  memoir  by  the  younger  brother,  "  On  the  Correlation  of 
the  North  American  and  British  Palaeozoic  Strata"  (see  Report 
Assoc.  Adv.  Science,  1856).  I  shall  endeavour  to  show  my  sincere 
admiration  of  this  valuable  memoir  by  all  the  clearness  and  fidelity 
I  can  command. 

Professor  H.  D.  Rogers  (loc.  cit.  p.  1  78)  states  that — 
1st.  "The  break  or  plane  of  discontinuity  terminating  the  Ma- 

tinal  series,  or  Hudson-River  group,  exceeds  all  the  others  in  the 
Appalachian  basin  for  the  abruptness  of  the  transition  which  it  im- 

plies in  the  organic  remains,  and  in  the  magnitude  of  the  crust- 
movement*." 

2nd.  (p.  186.)  This  Matinal  break  "revolutionized  alike  the  entire 
extent  of  the  American  and  European  areas,  both  in  their  inhabit- 

ants and  in  their  physical  geography."  It  was  a  "stupendous 
movement,"  "tremendous  and  nearly  universal,"  p.  181. 

Evidence  of  the  Physical  Break. — 1.  "From  the  Gulf  of  St. 
Lawrence  to  the  River  Hudson  (nearly  800  miles)  this  break  is 
marked  by  an  unconformable  interrupted  sequence^,  the  Matinal 
rocks  [Hudson  River  group],  highly  inclined  and  folded,  generally 
supporting  less  inclined  strata  of  the  Levant  [Medina  Sandstone],  or 

some  other  middle  palaeozoic  formation."  (p.  178.) 
*  "  The  Appalachian  palaeozoic  strata  contain  several  important  planes  of  dis- 

continuity. Tfiese  are  of  very  unequal  magnitude,  both  geographically  and  strati  - 
graphically.  ...The  two  most  conspicuous  of  all  are,  that  at  the  end  of  the  Matinal 
or  Hudson-River  period,  and  that  at  the  beginning  of  the  Vespertine  or  first  Car- 

boniferous age.  Another,  although  materially  less  extensive,  divides  the  Pre- 
meridian  or  Lower  Helderberg  period  from  the  Meridian  or  Oriskany  Sandstone 

age."   Loc.  cit.  p.  178.     (Post-carboniferous  crust-movement  is  not  adverted  to.) 
f  "  Two  sets  of  strata  resting  in  contact,"  says  H.  D.  Rogers,  "  may  present  not 

only  an  absence  of  parallelism,  but  an  omission  of  one  or  more  intermediate  for- 
mations elsewhere  existing.  This  state  of  things  implies  not  only  an  inclining  of 

the  inferior  beds,  but  a  lifting  of  them  into  dry  land,  with  a  lapse  of  time  before 
their  immersion  for  the  reception  of  the  overlying  deposits.  Such  a  condition, 
familiar  as  the  commonest  species  of  unconformity,  may  fitly  be  entitled  an  un- 

conformable interrupted  sequence ."  (p.  178.) 2g2 
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2.  The  Niagara  group  lies  discordantly  on  the  Hudson-River 
group  in  Gaspe,  the  Eastern  townships,  and  Vermont,  (p.  178.) 

3.  "  Undulated  Matinal  rocks  support  horizontal  Niagara  or 
Scalent  strata,  with  a  lapse  of  two  intermediate  formations  for 
some  distance  from  the  Hudson,  westward  along  the  base  of  the 

Helderberg  range."  (p.  178.) 
4.  Unconformity  extends  west  of  the  River  Hudson  as  far  as  the 

Oneida  Lake,  a  distance  of  about  120  miles,  with  and  without  in- 
terruption of  sequence  in  the  strata,  (p.  178.) 

5.  The  Levant  beds  (Medina  Sandstone  and  Clinton  Rocks)  evi- 
dence this  crust-movement  in  every  feature  of  their  composition. 

The  lower  bed  is  a  conglomerate  of  Cambrian  pebbles  and  sand, 

(p.  179.) 
6.  "Over  half  the  width  of  the  [Western]  Continent  there  exists, 

notwithstanding  an  almost  absolute  horizontality  and  parallelism  of 
the  two  sets  of  strata,  or  the  lower  and  middle  palaeozoic  series,  a 
true  discontinuity  in  the  sequence  of  the  formations.  In  New 

York  there  is  a  conformable  interrupted  sequence*  from  the  Hud- 
son to  Oneida  County :  from  Oneida  to  Lake  Ontario,  the  Levant 

Conglomerate  or  Lowest  Silurian  stratum  enters  the  gap  and  makes 

the  sequence  complete." 
7.  The  Professor  goes  on  to  say  that  there  is  a  similar  and  con- 

temporaneous break  at  Cincinnati  in  Ohio.  The  lower  palaeozoic 
strata  coming  to  day  there,  the  Niagara  Limestone  rests  upon  the 
Hudson-River  group  direct,  there  being  no  Medina  Sandstone  there, 
and  little  of  the  Clinton  rock.  (p.  180.)  This  break  is  repeated  in 
a  still  more  striking  manner  in  Tennessee,  as  well  as  in  Southern 
Wisconsin  and  Eastern  Missouri.  In  this  last  region,  and  further 

west,  "  there  is  a  chain  of  broad  anticlinals,  exposing  ancient  plu- 
tonic  and  gneissic  rocks,  but  chiefly  the  older  palaeozoic  strata  near 
their  axes.  Around  every  one  of  these,  either  the  middle,  that  is 
Silurian  and  Devonian,  or  upper,  namely  Carboniferous  deposits, 
rest  in  discordant  superposition  (with  or  without  parallelism)  upon 
the  Primal,  Auroral,  and  Matinal  members  [Potsdam,  Chazy,  and 

Hudson-River  groups]  of  the  older  palaeozoic  division."   (p.  180.) 
The  PalcBontoloyical  Break. — This  is  more  remarkable  than  the 

physical,  according  to  Mr.  Rogers  (p.  181),  who  states  that  only 
three  dilapidated  fossils  escape  from  below  the  break  into  the  strata 
above,  namely  Bellerophon  trilobatus,  Delthyris  Lynx,  Leptcena  al- 
ternata,  with  a  few  dubious  fragments  of  other  fossils  which  appear 

to  be  forms  belonging  to  Lower  Silurian  strata  (p.  183).  "This 
horizon  of  the  upper  limit  of  the  Matinal  rocks  is  incontestably  the 
sharpest,  palaeontologically,  within  the  whole  palaeontological  system 

*  "  One  set  of  strata  may  rest  immediately  on  another  with  perfect  parallelism, 
and  yet  their  plane  of  contact  represent  a  long  interval  of  time  and  a  total  change 
of  sedimentary  conditions  and  of  the  physical  geography ;  for  certain  heds,  or 
even  whole  formations  interposed  between  them  in  other  districts,  may  be  alto- 

gether absent.  This  relationship  is  entitled  a  conformable  interrupted  sequence. 
It  proves  not  merely  a  lift  of  the  watery  floor  into  dry  land,  and  its  subsequent 
re-immersion,  but  a  movement  unaccompanied  by  any  tilting  or  undulation  of  the 
lower  deposit."  (Loc.  cit.  p.  178.) 
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of  the  Appalachian  basin,  whether  we  measure  it  by  the  smallness 
in  the  proportion  of  the  species  which  bridge  the  gulf,  or  by  the 

alteration  in  their  types  of  structure."  (Loc.  cit.  p.  182.) 
Remarks  on  the  above  Evidences. — In  remarking  upon  the  physi- 

cal evidences  first,  it  may  be  stated  that,  excepting  Becraft's  Moun- 
tain, occupying  only  an  area  of  a  few  square  miles,  no  sites  are 

pointed  out  where  the  "  tremendous  "  destroying  forces  of  the  Oneida 
period  have  been  exerted,  no  line  is  drawn  between  them  and  those 
which  affected  also  the  post-carboniferous  period. 

In  reference  to  Evidence  No.  1  (the  discordant  position  of  the 
Hudson-River  and  Medina  Sandstone),  the  answer  may  be  this : — 
these  rocks,  being  here  within  the  range  of  the  post-carboniferous 
movement,  as  I  hope  to  show,  owe  their  discordancy  to  its  agency. 

In  reference  to  the  second  Evidence  (the  Niagara  limestone  lying 
discordantly  on  the  Hudson-River  rocks  in  Gaspe,  &c),  the  same 
reply  may  be  safely  made,  with  this  addition  as  concerns  Gaspe  :  — 
That  region  is  200  or  300  miles  distant  from  the  central  basin  of 
New  York,  and  is  in  the  middle  of  another  and  wholly  independent 
palaeozoic  area,  which  I  thought  was  my  own  discovery  until  I  found 

it  in  Professor  Emmons's  Report ;  he  names  it  "the  north-eastern 
basin."  Its  base  rests  upon  the  ancient  metamorphic  rocks  of  the north  shore  of  the  Gulf  of  St.  Lawrence.  From  thence  it  sends  an 

ascending  series  of  Silurian  and  other  palaeozoic  strata  eastward  across 
Lower  Canada,  Gaspe,  New  Brunswick,  Nova  Scotia,  and  so  onward 
into  the  Atlantic  Ocean. 

With  regard  to  No.  3,  I  perhaps  may  be  permitted  to  suggest 
another  cause  for  one  portion  of  the  statements.  May  not  the  lapse 
of  the  two  intermediate  formations  be  attributed  to  exhaustion  of 

materials,  as  in  the  case  of  Oriskany  Sandstone,  which  only  spots 
certain  parts  of  New  York  ?  The  undulations  may  be  claimed  as 
post-carboniferous,  as  in  the  case  of  Evidence  No.  4. 

With  regard  to  Evidence  No.  5,  stating  that  the  Levant  beds 
(Medina  Sandstone,  &c.)  are  full  of  evidence  of  this  Oneida  move- 

ment in  its  conglomerates  and  sands,  I  repeat  that  it  is  granted 
throughout  this  discussion  that  there  has  been  change  of  level,  capa- 

ble, in  particular  modes,  of  producing  conglomerates — recollecting  at 
the  same  time  that  subterranean  disturbance  is  not  always  necessary 
to  their  formation.  Land-floods,  violent  tides,  or  winds,  a  surf  bat- 

tering down  a  line  of  cliffs — any  of  these  superficial  agencies  may 
give  us  all  the  forms  of  rock-comminution. 

The  prolonged  and  slightly  curving  outline  of  the  Oneida  Conglo- 
merate and  the  Shawangunk  Grit  (its  southward  continuation)  greatly 

favours  the  old  and  well-established  idea  that  it  was  the  eastern  bor- 
der of  a  great  sea  gradually  and  curiously  filled  up,  and  occupying 

the  site  of  the  present  middle  north-east  America. 
The  following  are  additional  reasons  (most  of  them  derived  from 

personal  observations  in  the  field,  by  the  Professors  Rogers  them- 
selves) for  believing  the  physical  derangements  of  the  Appalachian 

chain  ( 1 200  miles  long  in  the  United  States  only)  took  place  after 
the  Carboniferous  period,  and  not  at  the  close  of  the  Hudson-River 
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group.  They  certainly  appear  to  prove  unity  of  time  and  action 
throughout  this  great  length  of  country, — the  time  being  that  of  the 
post-carboniferous  uplift.  I  have  collected  them  together  for  that 

purpose. 
1st.  The  general  conformation  of  the  disturbed  region  across  its 

whole  breadth  is  the  same.  The  Appalachian  ridges  are  long, 
narrow,  and  steep,  with  even  summits  and  remarkable  parallelism. 
Many  of  them  are  almost  perfectly  straight  for  more  than  fifty  miles. 
Some  of  their  groups  are  curved ;  but  the  outlines  of  all  are  marked 
by  gentle  transitions  and  an  astonishing  degree  of  regularity  (H.  D. 
Rogers,  Trans.  Assoc.  Am.  Geol.  1842,  p.  475). 

2nd.  The  movement  of  elevation,  folding,  fracture,  and  metamor- 
phism  affected  the  Coal-measures  equally  with  all  the  other  strata  in 
and  about  the  Appalachian  ridges.  The  strikes  and  dips  of  all  the 
gneiss,  slates,  and  marbles,  and  of  all  the  unchanged  fossiliferous  rocks, 
are  clearly  continuous  into  or  from  the  coal,  according  to  the  end  of 
the  series  at  which  we  begin.  Professor  Rogers  (Trans,  p.  522) 

says,  "  Excepting  in  one  or  two  localities,  the  Appalachian  formations 
constitute  one  unbroken  succession  of  conforming  strata,  from  the 
lowest  members  of  the  system,  which  repose  immediately  on  the 
primary  or  metamorphic  rocks,  to  the  highest  of  the  carboniferous 
strata ;  we  must  therefore  conclude  that  the  elevatory  action  could 
not  have  begun,  at  least  with  any  degree  of  intensity,  until  the 

completion  of  the  carboniferous  formation,"  but  immediately  after- wards. 

In  proof  of  this  I  appeal  to  the  most  beautiful  exhibition  of  geo- 
logical arrangement  on  record,  that  of  Pennsylvania,  laid  down  by 

the  brothers  Rogers,  and,  by  their  generous  permission,  placed  on 
the  map  before  you  little  more  than  a  year  ago, 

It  has  been  the  enviable  privilege  of  these  distinguished  observers 
to  indicate  to  their  fellow-men  the  grand  conceptions  and  exquisite 
order  that  have  hitherto  lain  hid  in  these  mountain-recesses. 

The  map  shows  that  every  individual  stratum,  throughout  the  long 
palaeozoic  succession,  stands  in  its  proper  stratigraphical  relation, 
with  its  strike  running  north-east,  or  varying  with  the  great  central 
axes  of  the  crust-ruptures  from  Alabama  to  Canada :  imperfectly 
represented  on  my  map  by  a  broad  white  line. 

On  a  branch  of  the  River  Juniata,  fifteen  miles  south  of  Hunting- 
don, Pennsylvania,  the  high  contours  of  the  country  expose  a  solitary 

oblong  mass  of  coal-measures  (ten  to  twelve  miles  long),  thirty  miles 
to  the  east  of  any  of  its  carbonaceous  contemporaries.  It  is  curious 
to  remark  its  near  parallelism  to  the  central  axes  (thirty  miles  east), 
and  to  notice  how  it  is  based  upon,  and  surrounded  by,  the  usual 
suite  of  sedimentary  rocks  downwards. 

3rd.  According  to  Rogers  (Trans,  p.  490),  "Every  section  of  the 
Appalachian  chain,  whatever  its  direction  or  curvature,  offers  the  same 
remarkable  and  beautiful  features  and  gradations  in  its  axes ;  imply- 

ing that  the  cause  of  these  phsenomena  was  some  grand  and  simple 
energy  co-extensive  with  the  whole  margin  of  the  Appalachian  Sea 
from  Canada  to  Alabama." 
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4th.  Further,  he  observes  (L  c.  p.  480),  "  While  the  general  di- 
rection of  the  Appalachian  chain  is  north-east  and  south-west,  there 

is  a  remarkable  predominance  of  south-eastern  dips  throughout  its 
entire  length.  This  is  particularly  the  case  along  the  south-east,  or 
most  disturbed,  side  of  the  belt ....  But  as  we  proceed  toward  the 
north-west,  or  from  the  region  of  greatest  disturbance,  the  opposite 
or  north-west  dips,  which  previously  were  of  rare  occurrence,  and 
always  very  steep,  become  progressively  more  numerous,  and,  as  a 

general  rule,  more  gentle."  From  hence  we  deduce  singleness  of action. 

5th.  We  find  also  (/.  c.  p.  507)  that  a  gradually  increasing  in- 
terval between  the  axes  takes  place  as  we  advance  north-westwards 

from  the  south-east  side, — another  proof  of  the  oneness  of  this  move- 
ment. 

6th.  The  geological  features  of  the  northern  and  southern  extre- 
mities of  this  great  uplift  are  mainly  the  same ;  that  is,  along  and 

around  the  axes  of  Vermont  in  the  north,  and  Holston  in  the  south. 
Much  stress  is  laid  by  Messrs.  Rogers  on  the  fact  that,  in  the  great 
crust-rupture  at  Cincinnati,  the  Niagara  group  comes  in  direct  con- 

tact with  the  Hudson-River  group  (there  very  calcareous),  the 
Medina  Sandstone  and  Clinton  Rocks  being  absent  from  their  proper 
place.  The  movement  itself  probably  belongs  to  the  post-carboni- 

ferous period  ;  or,  anyhow,  it  is  so  moderate  as,  with  other  consider- 
ations, only  to  create  a  break  of  stage.  The  absence  (or  dying  out) 

of  the  arenaceous  Group  E.  at  this  place  may  be  accounted  for  by 
its  position — in  the  centre  of  the  Upper  Silurian  Sea.  Cincinnati  is 
320  miles  west  from  the  centre  of  the  Appalachian  chain,  and  much 
further  from  the  eastern  borders  of  the  sea  just  alluded  to. 

In  places  innumerable  along  the  course  of  the  middle  and  upper 
Mississipi,  considerably  to  the  west  of  Cincinnati,  the  absence  of 
middle  and  upper  Silurian  and  of  many  Devonian  groups  becomes 
quite  common, — and  from  simple  exhaustion  of  force  and  materials, 
as  is  generally  supposed — not  from  plutonic  disturbance.  In  this 
direction  we  seem  to  reach  the  western  limits  of  the  central  palaeozoic 
basin  ;  for  the  prevailing  rocks  are  arenaceous. 

I  shall  only  speeify  three  instances  of  the  deficiencies  just  men- 
tioned. 

On  the  Mississipi,  just  above  Grand  Glaize  Creek,  and  in  Salt 
Creek,  near  St.  Genevieve,  Trenton  Limestone  is  only  separated  by  a 
little  sandstone  or  shale  from  the  Chemung  group, — the  Chemung 
supporting  Carboniferous  Limestone  (Shumard,  Rep.  on  Missouri, 
1855).  Dr.  Shumard  reports  a  like  fact  in  Lewis  County.  The 
same  rocks  meet,  and  all  the  groups  which  usually  intervene  are 
wanting.  Professor  Swallow,  the  State  Geologist,  testifies  to  the 
same  extensive  deficiencies  in  the  middle  palaeozoic  strata  throughout 
Missouri. 

It  is  to  be  remarked  upon  this,  that  at  the  distance  of  800  to  1 000 
miles  from  the  great  uplift  traversing  Vermont,  New  York,  Penn- 

sylvania, Ohio,  &c,  we  may  well  suppose  the  existence  of  new  con- 
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ditions,  quite  independent  of  crust-movements*.  James  Hall  (Sill. 
Journ.n.s.xxiii.p.  194),  in  some  degree  confirming  this  opinion,  says, 

"  It  would  appear  that  at  a  period  long  preceding  the  commencement 
of  the  Carboniferous-limestone  deposits,  the  ancient  ocean  began  to 

contract  its  area  :"  and  then  (p.  195)  makes  the  following  remark- 
able statement — that  "  The  coal-measures  [of  the  Mississipi  Valley] 

extend  much  further  to  the  north  than  the  northern  limits  of  the  Car- 
boniferous limestones,  and  are  spread  out  over  the  thinning  and 

slightly  inclined  edges  of  these  beds,  and  over  the  more  disturbed  and 
highly  elevated  edges  of  the  rocks  of  the  preceding  periods  ;  so  that 
the  coal-measures  rest  respectively  upon  all  the  formations  from 
Lower  Silurian  to  the  Carboniferous  Limestones." 

By  these  observations  it  is  intended  to  show  that  probably  the 
strata  of  this  basin  near  the  Mississipi  gradually  died  out,  and  were 
not  much  disturbed  :  but  at  present  so  little  is  known  of  the  geological 
structure  of  the  Western  States  that,  no  general  conclusions  can  as 
yet  be  safely  drawn. 

Palceont'ological  Break. — The  pal&eontological  break,  according  to 
the  Professors  Rogers,  is  "  more  remarkable  than  the  physical," 
only  three  dilapidated  fossils  with  a  few  indistinct  fragments  having 
escaped  the  general  wreck  f- 

But  the  non-transmission  of  animal  or  vegetable  life  into  the 
upper  strata  is  by  no  means  the  unerring  indication  of  a  break  of 

stage — much  less  of  system, — or  of  any  extraordinary  and  radical 
discontinuance  of  action ;  were  it  so,  we  should  be  afflicted  with  a 
chaotic  multiplication  of  stages  in  palaeozoic  times. 

Potsdam  Sandstone  neither  receives  nor  transmits  life.  Calciferous 

Sandstone  transmits  only  one  species  upwards.  Medina  Sandstone 
only  one  {Orthoceras  multiseptum)  ;  Chazy  Limestone,  five ;  Birds- 
eye  Limestone,  four ;  while  from  other  Silurian  strata  many  forms 
of  life  pass  upwards. 

In  the  same  way,  in  the  Devonian  system,  Onondaga  Limestone 
transmits  doubtfully  a  single  brachiopod  (Atrypa  reticularis) ;  Mar- 
cellus  Shale,  only  four ;  Portage  group,  two ;  and  the  Chemung, 
none  whatever.  From  Oriskany  Sandstone  seven  fossils  escape  up- 

wards ;  and  from  Corniferous  Limestone  and  the  Hamilton  section, 
thirteen  each. 

The  palaeozoic  law  of  life  is,  that  the  vast  majority  of  every 
epochal  fauna,  if  not  the  whole,  live  and  perish  together.  Agassiz| 
insists  upon  the  existence  of  this  law  with  very  great  rigour — with  a 
rigour  which  is  excessive,  according  to  our  present  knowledge. 

This  great  naturalist  says,  "  As  fossil  remains  are  studied  more 

*  From  Niagara  to  the  Mississipi,  about  ....  690  miles. 
„     middle  of  Appalachian  chain  to  Cincinnati  320      „ 
„     New  York  to  River  Mississipi      ....  950      „ 
,,     Albany  to  Utica          120      „ 

f  Professor  Hall  states  that  he  is  in  possession  of  other  fossils,  but  so  broken 
up  and  abraded  that  they  are  indeterminable. 

J  Contributions  to  American  Natural  History,  vol.  i.  pp.  96,  104. 
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carefully  in  a  zoological  point  of  view,  the  supposed  identity  of 
species  in  different  geological  formations  vanishes  gradually  more 

and  more."  ....  "  Facts  do  not  exhibit  a  gradual  disappearance  of  a 
limited  number  of  species,  and  an  equally  gradual  introduction  of  an 

equally  limited  number  of  new  ones,  but,  on  the  contrary,  the  simul- 
taneous creation  and  the  simultaneous  destruction  of  entire  faunae. " 

In  another  place  (p.  96),  Agassiz  observes,  "  There  was,  during  each 
great  geological  era,  an  assemblage  of  animals  and  plants  differing 

essentially  for  each  period  :  and  by  'period'  I  mean  those  minor 
subdivisions  in  the  successive  sets  of  strata  of  rocks  which  consti- 

tute the  crust  of  our  globe,  the  number  of  which  is  increasing  daily, 

as  our  investigations  become  more  extensive  and  more  precise." 
We  may  therefore  conclude  that  the  proximate  extinction  of  the 

fauna  of  the  Hudson-River  section  does  not  necessarily  announce  the 
advent  of  a  new  palaeozoic  system.  But,  as  was  shown  by  a  table  in 
the  Synoptical  View,  more  fossils  survived  the  Oneida  break  than 
has  been  generally  supposed. 

List  of  New  York  Fossils  which  have  escaped,  past  the  Oneida  Con- 

glomerate, from  the  Lower  to  the  Upper  Silurian  Stage. 

Fossils. 

Chaetetes  Lycoperdon   
  columnaris   
Stromatopora  concentrica. 
Glyptaster  brachiatus 
Hemicystites  parasiticus  .. 
Leptaena  alternata   
  depressa   
  (Stroph.)  grandis   
  (Stroph.)  sericea  .... 
Atrypa  reticularis   
Bellerophon  bilobatus   
Calymene  Blumenbachii  .. 
Platynotus  Trentonensis  . 
Phacops  limulurus   
Orthoceras  aequale   
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H.  signifies  Hall  as  authority  ;  V,  De  Verneuil ;  S,  Daniel  Sharpe ;  C,  Conrad; 
E,  Emmons. 

Of  the  fifteen  escaped  fossils,  two  are  doubtful,  but  worth  notice 

— Hemicystites  parasiticus  (Trenton  Limestone  and  Niagara  Lime- 
stone, Hall),  Bucania  trilobata  (Utica  Slate,  Hudson  River  group, 

Medina  Sandstone,  Hall). 
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Five  of  the  fossils  thus  common  to  Lower  and  Upper  Silurian 
strata  are  vouched  for  by  James  Hall,  six  by  Daniel  Sharpe,  one  by 
De  Verneuil,  two  by  Conrad,  and  one  by  Emmons.  I  am  incapable 
of  believing,  as  yet,  that  these  pains-taking  and  experienced  palaeon- 

tologists have  erred  in  their  identifications ;  and  I  feel  fully  entitled 
to  reason  upon  them  as  faithful  interpretations  of  nature. 

I  shall  conclude  these  observations  by  stating  that  if  we  look  at 
the  whole  palaeozoic  scheme,  and  the  presence  of  recurrent  fossils  at 
all  periods  of  this  vast  epoch  and  in  every  known  part  of  the  globe, 
we  shall  perhaps  be  of  opinion  that  a  way  of  escape  from  the  Lower 
to  the  Middle  and  Upper  Silurian  Stage  in  New  York  would  be  pro- 

vided. And  so  it  seems  to  be.  In  four  localities  these  stages  are 
either  in  contact  or  approach  each  other  closely,  so  as  to  admit  of 
the  possible  transmission  upwards  of  the  species  of  the  Lower  Stage 
— not  that  molluscs  have  been  seen  in  actual  transition,  where  the 
strata  are  close  together.  Doubtless  in  these  shattered  forest-  and 
swamp-covered  wildernesses  many  similar  facts  will  come  to  light 
as  they  are  progressively  cultivated  by  man. 

In  the  State  of  New  York,  along  the  base  of  the  Helderberg 

Mountains,  where  the  Clinton  and  Niagara  sections  and  the  Onon- 
daga-Salt  group  are  very  thin,  the  Oneida  Conglomerate  is  absent, 
and  the  Hudson-River  rocks  rise  to  within  a  few  feet  of  Tentaculite 
(Waterlime)  Limestone.  In  the  south  part  of  Herkimer  County 
(central  New  York)  the  shales  of  the  Hudson-River  rocks  are  sepa- 

rated from  the  sandstones  and  ore-beds  of  the  Clinton  group  only  by 
some  thin  strata  of  Oneida  Conglomerate  (Hall,  Pal.  ii.). 

From  where  the  Niagara  group  ends  eastwards  (at  Little  Falls) 
the  Onondaga  Salt  group  rests  on  the  Clinton  beds ;  and  still  more 
easterly  it  reposes  on  the  Frankfort  Slate  of  the  Hudson-River  rocks, 
and  so  continues  to  within  a  short  distance  of  the  River  Hudson. 

This  is  an  important  and  extensive  example  of  actual  contact  of 
Lower  and  Upper  Silurian,  having  of  course  its  palaeontological 
consequences. 

The  grey  or  yellow  porous  limestone  of  the  same  Onondaga-Salt 
group  was  met  with  by  Vanuxem  at  Sharon  Springs,  overlying 
Frankfort  Slate  and  underlying  the  Helderberg  series.  With  these 
facts  before  us,  we  need  not  be  surprised  at  fourteen  fossils  having 
been  recognized  by  some  of  the  ablest  palaeontologists  of  any  period 
as  belonging  to  both  Upper  and  Lower  Silurian. 
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On  Me  Microscopical  Structure  of  Crystals,  indicating  the 
Origin  of  Minerals  and  Rocks.  By  H.  C.  Sorby,  Esq., 
F.R.S.,  F.G.S.,  Corresponding  Member  of  the  Lyceum  of  Natural 
History  of  New  York,  and  of  the  Academy  of  Natural  Sciences  of 
Philadelphia,  &c. 
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In  this  paper  I  shall  attempt  to  prove  that  artificial  and  natural 
crystalline  substances  possess  sufficiently  characteristic  structures  to 
point  out  whether  they  were  deposited  from  solution  in  water  or 
crystallized  from  a  mass  in  the  state  of  igneous  fusion ;  and  also  that 
in  some  cases  an  approximation  may  be  made  to  the  rate  at,  and  the 
temperature  and  pressure  under  which  they  were  formed. 

History  of  the  Subject. — The  existence  of  cavities  in  quartz,  topaz, 
and  fluor-spar,  containing  fluid,  has  long  been  known.  Mr.  Sivright 
found  them  also  in  calcite,  barytes,  and  selenite.  Sir  David  Brewster 
discovered  them  in  emerald,  beryl,  cymophane,  peridot,  felspar,  and 
rock-salt,  as  well  as  in  a  number  of  crystals  formed  artificially.  In 

his  admirable  paper  in  the  'Transactions  of  the  Royal  Society  of 
Edinburgh'  (1824,  vol.  x.  pt.  1.  p.  1),  he  remarks  that,  being  per- 

suaded that  water  thus  mechanically  enclosed  will  be  found  in  every 
crystal  deposited  from  solution,  he  was  next  desirous  of  finding  it  in 
crystals  formed  by  heat  or  sublimation  ;  but,  in  no  case  having  been 
able  to  discover  the  slightest  trace  of  its  existence,  he  considered,  in 
the  absence  of  all  other  information  on  the  subject,  the  result  highly 
favourable  to  the  supposition  of  the  aqueous  origin  of  all  minerals  in 
which  cavities  containing  water  had  been  discovered.     No  distinc- 
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tion,  however,  was  made  by  the  author  between  minerals  occurring 
in  veins,  and  those  forming  the  constituents  of  rock-masses  ;  so  that 
this  paper,  and  others  published  subsequently  (Trans,  of  Geol.  Soc. 
vol.  hi.  p.  455,  and  of  Roy.  Soc.  of  Edinburgh,  vol.  x.  pt.  2.  p.  407, 
Ed.  New  Phil.  Journ.  April  1845,  p.  386,  Phil.  Mag.  vol.  xxxi.  Aug. 
1847,  p.  101,  and  vol.  xxxiii.  Jan.  1849,  p.  489),  though  of  the 
highest  interest  optically  and  physically,  can  scarcely  be  considered 
applications  of  the  subject  to  pure  geology. 

In  the  *  Philosophical  Transactions  of  the  Royal  Society'  (1822, 
p.  367),  Sir  H.  Davy  described  the  experiments  which  he  made  to 
determine  the  nature  of  the  fluid  contained  in  the  larger  cavities  of 
rock-crystal.  He  found  that  it  was  nearly  pure  water,  and  that  the 
bubble  along  with  it  was  either  azote  or  a  vacuum.  In  some  cavities 
he  found  a  kind  of  mineral  oil  or  naphtha. 

In  his  '  Note  sur  les  emanations  volcaniques  et  metalliferes ' 
(Bulletin  de  la  Societe  Geologique  de  France,  2e  serie,  t.  iv.  p.  1249), 
M.  Elie  de  Beaumont  alludes  to  the  presence  of  cavities,  with  fluid, 
in  quartz,  as  an  argument  in  support  of  his  views  respecting 
the  origin  of  granite.  Similar  remarks  are  also  made  by  Bischoff 

(Chemical  and  Physical  Geology,  Cavendish  Society's  Translation, 
vol.  ii.  pp.  16  and  477)  and  by  Scheerer  (Discussion  sur  la  nature 
plutonique  du  granite,  Bull.  Soc.  Geol.  de  France,  2e  ser.  t.  iv. 
p.  468)  ;  but  they  all  treat  the  subject  as  if  these  cavities  were  com- 

paratively rare.  Such  as  are  large  enough  to  be  distinctly  visible  to 
the  naked  eye  are,  indeed,  rare  ;  but  when  a  high  magnifying  power 
is  employed,  it  is  easy  to  see  that  the  proportion  of  many  millions 
to  a  cubic  inch  is  very  common  in  some  minerals. 

Such,  so  far  as  I  am  aware,  was  the  state  of  this  subject  when  my 
attention  was  directed  to  it  by  examining  the  excellent  collection  of 

"fluid-cavities"  in  the  possession  of  Mr.  Alexander  Bryson  of  Edin- 
burgh, who  told  me  he  had  found  some  in  the  granite  of  Aberdeen. 

I  immediately  perceived  that  the  subject  could  not  fail  to  lead  to 
valuable  results  when  applied  to  geological  inquiries,  and  soon 
proved  that  my  supposition  was  well  founded.  In  my  paper  on  the 
microscopical  structure  of  mica-schist,  read  before  the  British  Asso- 

ciation at  Cheltenham,  I  argued  that  "the  vast  number  of  fluid- 
cavities  containing  water  indicates  that  the  metamorphic  changes 
have  been  due  to  an  aqueous  process  and  an  elevated  temperature, 

and  not  to  heat  alone  and  a  simple  partial  fusion."  (Report  for 
1856,  Trans.  Sect.  p.  78.) 

I,  Structure  of  Artificial  Crystals. 

§  1.   Crystals  formed  from  solution  in  water. 

a.  Mode  of  preparation  and  examination  ;  general  and  special 
characters. 

Great  and  small  are  relative  terms ;  and  therefore  it  will  be  well  to 

adopt  a  scale,  so  that  the  actual  size  of  the  cavities  described  by  such 
terms  may  be  known.  Since  a  very  common  size  is  about  y^^th 
of  an  inch  in  diameter,  I  shall  adopt  the  following  scale,  and  call 
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Cavities  above  yo^th  °f  an  mcn  m  diameter,  very  large. 

„       from  j-Q-Qth  to  x  ̂0  0th,  moderately  large. 
„       from  1  q^o th  to  xooooth,  moderately  small. 

,,       less  than  yxrcro-g-th,  very  small. 

In  some  respects  it  is  best  to  mount  crystals  formed  in  the  wet 
way,  in  as  shallow  glass  cells  as  will  hold  them,  in  a  concentrated 
cold  solution  of  the  salt  itself;  for  then,  never  being  dried,  none  of 
the  cavities  can  lose  their  fluid,  which  is  not  the  case  if  they  are 
mounted  in  varnish  or  Canada  balsam.  Independent  of  that,  some 
facts  are  seen  to  greater  advantage  when  crystals  are  mounted  in 
clear  varnish  in  cells  which  may  be  made  out  of  cardboard  with  a 
wadding-puuch  ;  and  I  therefore  usually  adopt  both  methods.  The 
magnifying  powers  generally  required  are  from  50  to  400  linear ; 
and  when  the  crystals  possess  strong  double  refraction,  a  polarizer  or 
analyser  should  be  used,  so  adjusted  that  only  one  image  of  the 
cavities  is  visible ;  or  else  they  appear  indistinct. 

I  have  in  nearly  all  cases  lithographed  the  accompanying  figures 
(Pis.  XVI.-XIX.)  as  seen  with  one  adjustment  of  the  focus,  but 
have  slightly  shaded  the  enclosed  crystals,  although  they  are  some- 

times quite  colourless,  in  order  to  distinguish  them  from  irregula- 
rities on  the  surface  of  the  cavities.  The  figures  with  a  dotted 

outline  represent  portions  of  crystals,  whereas  all  the  rest  are  entire 
crystals  or  detached  cavities,  as  if  the  surrounding  paper  were  the 
clear  substance  of  the  larger  crystals  in  which  they  occur. 

Few  substances  could  be  more  suitable,  as  characteristic  types, 
than  the  chlorides  of  sodium  and  potassium,  sulphate  and  bichromate 
of  potash,  alum,  and  sulphate  of  zinc. 

When  a  solution  of  chloride  of  potassium  is  allowed  to  evaporate 
spontaneously,  the  character  and  form  of  the  crystals  vary  most 
remarkably,  according  as  the  weather  is  cold  or  warm,  moist  or  dry. 
In  cool  damp  weather,  when  evaporation  goes  on  slowly,  sometimes 
all  the  crystals  are  similar  to  fig.  1,  having  a  square  patch  towards 
the  centre,  which  is  white  by  reflected,  but  black  by  transmitted 
light,  whilst  the  rest  of  the  crystal  is  clear  and  transparent.  When 
much  more  highly  magnified,  it  is  seen  that  the  opacity  of  the 
central  portion  is  due  to  vast  numbers  of  minute  cavities,  the  amount 
of  which  varies  in  bands  parallel  to  the  sides  of  the  crystal,  and  also 
in  such  a  manner  as  to  give  rise  to  the  peculiar  cross  seen  in  the 
figure.  These  cavities  are  full  of  the  liquid  from  which  the  crystals 
were  deposited ;  and  this  having  a  smaller  power  of  refraction  than 
the  substance  of  the  crystal,  the  contents  reflect  and  strongly  refract 
the  light,  and,  like  the  bubbles  of  air  in  the  water  of  a  cataract,  give 
a  white  appearance  as  seen  by  reflexion,  or  darkness  and  opacity 
when  viewed  by  transmitted  light. 

The  manner  in  which  these  cavities  are  formed  is  well  illustrated 

by  fig.  2,  where  the  unshaded  portion  represents  part  of  the  extreme 
edge  of  a  crystal  of  common  salt,  and  the  shaded  the  concentrated 
solution  from  which  it  crystallized,  entering  into  a  deep  notch  formed 
by  the  irregular  growth  of  the  crystal.     If,  on  the  further  growth 
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of  the  crystal,  more  salt  were  to  be  deposited  at  the  upper  part  of 
the  notch  than  at  the  bottom,  as  shown  by  the  dotted  line,  a  portion 
of  the  liquid  would  be  enclosed  in  the  crystal,  and  form  a  fluid- 
cavity  like  that  seen  on  the  right-hand  side ;  whereas,  if  the  crystal 
grew  so  as  to  enclose  the  projecting  portion  of  fluid  by  a  plane 
parallel  to  the  face  of  the  crystal,  a  fluid-cavity  like  that  on  the 
left  side  would  be  produced.  These  two  cavities,  as  well  as 
figs.  3,  4,  and  5,  illustrate  the  usual  character  of  those  in  common 
salt  or  chloride  of  potassium.  When  deep,  they  have  a  broad  dark 
outline,  like  fig.  4  ;  but  when  flat  and  very  shallow,  they  are  bounded 
by  a  narrow  black  line,  as  in  fig.  5.  Often  they  are  much  longer 
in  one  direction  than  in  any  other,  so  as  to  be  tubes,  like  fig.  3  ; 
and  this  is  especially  the  case  in  the  long  prismatic  crystals  of  chlo- 

ride of  potassium  sometimes  formed  on  the  cooling  of  a  warm 
solution. 

The  manner  in  which  the  cavities  are  produced  necessarily  causes 
them  to  be  full  of  fluid  at  the  time  of  their  formation.  If  this  takes 
place  at  the  ordinary  temperature,  and  they  are  kept  in  fluid,  they 
remain  quite  full,  and  none  of  the  cavities  contain  bubbles.  When, 
however,  they  are  formed  at  a  higher  temperature,  the  fluid  of  course 
contracts  on  cooling,  and,  just  as  happens  on  the  cooling  of  a  glass- 
tube  filled  with  hot  water,  a  vacuity  like  a  bubble  makes  its  appear- 

ance, as  shown  in  fig.  7.  In  order  to  obtain  crystals  slowly  deposited 
at  the  heat  of  boiling  water,  I  employ  a  flat-bottomed  flask,  over  the 
mouth  of  which  I  tie  a  piece  of  blotting-paper,  and  keep  it  in  a  bath 
of  boiling  water,  with  the  long  neck  projecting  through  a  hole  in  a 
metal  plate  covering  the  bath. 

For  these  experiments  no  substance  is  more  convenient  than  com- 
mon salt,  because  it  is  so  very  little  more  soluble  in  hot  than  in  cold 

water.  Having,  then,  a  concentrated  solution  in  the  flask,  it  evapo- 
rates through  the  blotting-paper,  and  crystals  are  slowly  deposited  at 

the  heat  of  boiling  water.  When  a  number  of  about  -^jth  of  an  inch 
in  diameter  are  formed,  the  hot  solution  is  quickly  poured  off,  and  a 
small  quantity  of  a  concentrated  cold  solution  added,  so  as  to  prevent 
the  deposition  of  salt  when  the  remaining  solution  becomes  cold  ;  and 
then,  separating  the  larger  and  very  small  by  means  of  sieves,  the 
crystals  of  about  ̂ frth  t°  sM-h  °f  an  mcn  m  diameter  are  mounted 
in  glass  cells  in  a  concentrated  solution  of  the  salt.  On  examining 

them  with  the  microscope,  it  is  seen  that  the  greater  part  of  the  ca- 
vities contain  small  bubbles,  produced  by  the  contraction  of  the  fluid. 

Adopting  the  same  method  with  chloride  of  potassium,  in  some  cases 
most  excellent  thin  flat  crystals  are  formed,  containing  many  very 
interesting  cavities.  A  portion  of  one  of  these  crystals  is  drawn  in 
fig.  6,  which  serves  to  show  the  great  number  and  peculiar  form  of 
the  cavities,  and  how  they  occur  in  bands  parallel  to  the  edges  of 
the  crystal.  Unlike  when  formed  at  the  ordinary  temperature, 
manv  of  the  cavities  are  of  very  complicated  forms,  as  shown  in 

figs."8  and  10. In  order  to  ascertain  the  relative  size  of  the  fluid  and  bubbles  in 

the  cavities,  it  is  best  to  measure  with  the  micrometer  such  long  re- 
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gular  tubes  as  figs.  9  and  50.  It  may  also  be  determined  with  suffi- 
cient accuracy  from  cavities  like  figs.  101  and  113,  which  are  equally 

deep  throughout,  and  have  a  flattened  vacuity,  so  that  the  propor- 
tion between  their  areas  is  that  between  their  volumes.  If,  however, 

neither  of  these  kinds  can  be  found,  the  best  approximation  that  can 
be  made  is  to  be  derived  from  such  cavities  as  are  nearly  equiaxed,  so 
that  the  relative  magnitude  of  the  cavity  and  vacuity  equals  the  cube 
of  the  ratio  of  their  diameters. 

In  the  very  excellent  tubular  cavity  (fig.  9)  in  chloride  of  potassium 
formed  at  a  heat  not  much  below  that  of  boiling  water,  the  vacuity 

is  about  *025  of  the  fluid  ;  but,  if  the  cohesion  of  the  sides  produced 
no  effect,  it  should  have  been  about  *030.  Hence  I  think  we  must 
conclude  that  the  cohesion  of  the  liquid  to  the  sides  of  so  small  a 
cavity  slightly  diminishes  the  size  of  the  vacuity,  either  by  stretching 
the  fluid  or  the  substance  of  the  crystal.  That  very  minute  cavities 
do  produce  such  an  effect,  is  proved  by  the  fact  that  they  often  con- 

tain no  bubbles,  as  though  the  cohesive  force  entirely  counteracted 
the  contraction  of  the  fluid,  and  operated  like  the  reverse  of  a  very 
great  pressure ;  and  M.  Berthelot  has  also  shown  (Annales  de 

Chimie,  3e  ser.  t.  xxx.  p.  232)  that  this  occurs  to  a  certain  extent, 
even  in  glass- tubes. 

When  fluid-cavities  are  large,  the  bubbles  move  about,  if  the  cry- 
stal be  turned,  like  those  in  spirit-levels ;  but  when  small,  this  test 

is  not  easily  applied.  We  can  readily  see,  with  a  high  magnifying 
power,  that  the  constant  tremor  of  the  ground  causes  the  bubble  in  a 
level  to  be  in  constant  motion ;  but  no  such  movement  can  be  seen 

in  the  larger  fluid-cavities.  In  the  very  small,  however,  the  bubbles 
move  in  a  most  striking  manner,  as  if  they  were  minute  animalcules 
swimming  about  and  exploring  every  part  of  the  cavities.  The  true 
physical  cause  of  this  movement  still  remains  to  be  determined  ;  for 
hitherto  I  have  not  been  able  to  form  any  theory  that  was  not  appa- 

rently upset  by  facts  subsequently  discovered.  Whatever  be  the 
cause,  the  fact  of  the  movement  is  of  very  great  value  in  these  in- 

quiries, since,  when  a  bubble  moves  about,  the  substance  in  the 
cavity  must  of  course  be  a  liquid. 

The  peculiarities  of  fluid-cavities  formed  when  crystals  are  deposited 
from  a  solution  containing  some  other  salt,  can  be  studied  to  great 
advantage  by  crystallizing  common  salt  from  a  solution  of  bichromate 
of  potash.  If  the  solution  be  saturated  with  the  bichromate  at  the 

ordinary  temperature,  it  is  of  a  deep  yellow  colour,  and  the  fluid- 
cavities  in  the  crystals  of  common  salt  deposited  from  it  are  seen  to 
be  filled  with  this  yellow  liquid  ;  and  the  crystals  are  thus  rendered 
yellow,  and  remain  so  when  mounted  in  a  colourless  solution  of  com- 

mon salt.  If,  however,  the  crystals  be  formed  at  the  temperature 
of  boiling  water  in  a  solution  containing  more  of  the  bichromate  than 
can  remain  dissolved  at  the  ordinary  temperature,  small  crystals  of 
the  deep  red  colour  of  that  salt  are  deposited  inside  the  fluid-cavities, 
as  shown  by  figs.  1 1  and  1 2.  When  the  solution  is  saturated  at 

100°  C.  with  both  common  salt  and  the  bichromate,  so  that,  on  slow 
evaporation  at  that  temperature,  crystals  of  both  salts  are  deposited, 
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the  common  salt  encloses  some  small  crystals  of  the  bichromate,  like 
fig.  14.  Occasionally  these  so  interfere  with  the  crystallization,  that 

they  give  rise  to  small  attached  fluid-cavities,  as  seen  on  the  right- 
hand  side  of  fig.  15  ;  or  there  may  be  more  than  one  crystal  and  a 
larger  fluid-cavity,  like  fig.  16.  These  fluid-cavities  differ  from  those 
just  described,  in  containing  no  small  crystals  of  the  bichromate,  that 
which  could  not  be  retained  in  solution  having  been  deposited  on  the 
larger  preexisting  crystals.  Moreover,  as  shown  by  fig.  16,  these  en- 

closed crystals  project  beyond  the  general  boundary-line  of  the  fluid- 
cavities,  whereas  in  the  other  case  they  are  merely  deposited  on  the 
surface  of  the  cavities.  Great  numbers  of  that  kind  do  also  occur; 
and  often  so  many  crystals  are  deposited,  that  the  cavity  appears  to 
be  quite  full  of  them,  as  shown  by  fig.  17.  It  is,  however,  well 
worthy  of  remark,  that  many  of  the  smaller  cavities  remain  for  months 
full  of  a  deep  yellow  liquid,  which  1  have  supposed  to  be  represented 
by  the  shading  in  fig.  13,  containing  far  more  of  the  bichromate  in 
solution  than  can  be  retained  when  in  large  quantities,  as  if  these 
minute  cavities  exercised  the  same  influence  in  preventing  the  deposi- 

tion of  crystals,  that,  according  to  Dr.  Percy's  and  my  own  observa- 
tions (Dec.  1857),  minute  tubes  exercise  in  preventing  the  freezing 

of  water  until  the  temperature  is  much  lower  than  that  at  which  it 
freezes  at  once  in  larger  tubes. 

When,  instead  of  bichromate  of  potash,  chloride  of  potassium  is 
employed,  small  cubic  or  rectangular  crystals  are  deposited  in  the 
fluid-cavities  of  the  common  salt,  as  shown  in  figs.  18  and  19  ;  and 
in  every  case  that  I  have  seen,  their  edges  are  all  parallel  to  the  rect- 

angular planes  of  the  cavities.  If  a  concentrated  solution  of  hydro- 
chlorate  of  ammonia  be  used,  the  fluid-cavities  in  the  common  salt 
contain  crystals  of  the  salt  of  ammonia  of  a  very  rounded  character, 
as  shown  by  fig.  20,  so  as  to  appear  like  enclosed  globules  of  a  dense 
liquid. 

These  experiments  (March  1858)  therefore  show  that,  when  cry- 
stals are  formed  at  an  elevated  temperature,  evidence  of  it  is  afforded 

by  the  contraction  of  the  fluid  enclosed  in  the  cavities  giving  rise  to 
a  vacuity,  and  the  reduction  of  its  solvent  power  causing  the  deposi- 

tion of  crystals.  Since,  of  course,  the  amount  of  the  contraction  of 
the  fluid  depends  upon  the  height  of  the  temperature  from  which  it 
has  cooled,  the  relative  size  of  the  vacuity  must  indicate  how  much 
the  temperature  at  which  the  crystals  were  formed  was  above  that  at 
which  they  are  examined,  in  the  same  manner  as  the  sinking  of  the 
mercury  in  a  self-registering-maximum  thermometer  shows  the  dif- 

ference in  the  temperature. 
Figs.  21  &  22  in  nitrate  of  potash,  23  in  binoxalate  of  ammonia, 

24  and  25  in  sulphate  of  zinc,  represent  fluid-cavities  of  rather 
striking  forms, — the  shading  in  figs.  24  and  25  being  like  the  ap- 

pearance produced  by  planes  inclined  to  the  line  of  vision.  In  many 
substances  the  fluid-cavities  are  commonly  in  the  form  of  tubes, 
which  are  often  of  irregular  width,  and,  as  it  were,  pass  into  rows  of 
smaller,  shorter  cavities,  as  shown  by  fig.  26,  representing  a  portion 
of  alum.     Some  of  the  cavities  in  this  salt  are  as  shown  in  fig.  27; 



SORBY — STRUCTURE  OF  CRYSTALS.  459 

but  the  more  common  forms  are  like  figs.  28,  30,  and  31.  When 

deposited  at  a  heat  of  50°  C.  (122°  F.),  the  cohesion  of  the  sides  is 
sufficient  to  entirely  counteract  the  small  amount  of  contraction,  and 
prevents  the  formation  of  vacuities.  Besides  fluid-cavities,  a  few  most 
interesting  larger  cavities  full  of  air  were  formed,  which  appear  as  if 
they  had  been  bubbles,  given  off  from  the  solution,  that  were  enclosed 
in  the  growing  crystal.  Small  quantities  of  this  air  are  also  in  some 
cases  caught  up  in  the  fluid-cavities ;  so  that  a  few  contain  bubbles 
of  considerable  size  in  proportion  to  that  of  the  cavity.  The  dif- 

ference between  the  cavities  full  of  fluid  and  those  full  of  air  is  most 

striking.  The  refractive  power  of  the  fluid  being  nearly  the 
same  as  that  of  the  crystal,  the  cavities  containing  it  are  almost 

invisible  by  reflected  light,  and  give  only  a  narrow  outline  by  trans- 
mitted, whilst,  the  refractive  power  of  the  air  being  so  much  less, 

the  cavities  containing  it  shine  brilliantly  by  reflected  light,  and  by 
transmitted  light  have  a  very  broad  and  dark  outline,  as  shown  by 
fig.  29. 

Hitherto  all  my  descriptions  refer  to  crystals  that  were  mounted 
in  liquid  and  never  dried.  When,  however,  exposed  for  some  time 
to  dry  air,  it  is  as  if  some  of  the  cavities  were  not  so  completely 
closed  as  to  prevent  the  slow  passage  of  liquid  from  them ;  and  there- 

fore bubbles  make  their  appearance,  gradually  increasing  in  size, 
and  becoming  quite  large,  as  shown  by  figs.  30  and  31,  which  are 
cavities  in  alum,  originally  quite  full  of  fluid  at  the  ordinary  tempe- 

rature. In  the  case  of  some  crystals,  especially  those  like  alum, 
containing  chemically  combined  water,  perhaps  the  fluid  may  actually 
pass  off  through  their  solid  substance ;  but  this  is  apparently  con- 

fined to  cavities  near  the  surface.  In  many  crystals,  however,  and 
especially  in  the  more  solid  parts,  where  the  fluid  has  been  completely 

shut  up,  it  appears  to  remain  nearly  or  quite  permanently — at  all 
events  for  many  years — even  when  they  have  been  kept  quite  dry. 
These  facts  must  be  carefully  borne  in  mind  when  attempting  to 
deduce  the  temperature  at  which  crystals  were  formed;  and  care 
must  be  taken  not  to  confound  cavities  that  have  lost  some  fluid  by 
drying,  with  those  in  a  normal  state  enclosing  bubbles  that  have  been 
produced  by  the  contraction  of  the  liquid  on  cooling.  They  may 
often  be  distinguished  without  much  difficulty,  because  when  fluid  is 
lost  there  is  a  great  inequality  in  the  relative  size  of  the  bubbles  in 
different  cavities,  whereas  in  the  other  case  it  is  nearly  uniform. 

If  the  planes  of  a  fluid-cavity  are  inclined  at  certain  angles  to  the 
line  of  vision,  they  may  totally  reflect  the  transmitted  light,  and  the 
cavity  appear  like  a  fragment  of  some  black  and  opake  substance 
enclosed  in  the  crystal.  This  is  often  the  case  in  sulphate  of  potash ; 
and  an  example  from  that  salt  is  represented  by  fig.  33. 

When  a  solution  of  common  salt  is  evaporated  at  100°  C.  in  an 
open-mouthed  flask,  a  crust  is  formed  on  the  sides,  above  the  level  of 
the  solution.  In  this  case,  during  the  growth,  the  crystalline  crust 
is  alternately  exposed  to  the  solution  and  the  air  ;  and  when  a  portion 
is  mounted  in  fluid  and  examined  with  the  microscope,  it  is  seen  to 
have  a  peculiar  and  very  interesting  structure.     Some  of  the  cavities 
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are  precisely  like  those  formed  below  the  level  of  the  solution,  whilst 
others  are  as  if  it  had  been  partially  evaporated  in  the  cavities  before 
they  were  finally  enclosed  in  solid  crystal ;  and  therefore  they  contain 
much  solid  matter,  as  shown  by  fig.  37.  Minute  crystals  of  sulphate 
of  lime  are  also  enclosed  in  the  solid  crystal ;  and  some  have  been 
deposited  inside  the  fluid-cavities  before  they  were  finally  shut  up, 
as  shown  in  fig.  36.  Other  cavities  have  caught  up  air  as  well  as 
fluid,  so  that  they  contain  very  large  bubbles,  as  shown  in  fig.  34  ; 
whilst  in  others,  like  fig.  35,  there  is  no  fluid ; — these  various  kinds 
gradually  passing  into  one  another.  In  a  similar  manner  when  the 
solution  of  salt  contains  less  bichromate  of  potash  than  can  be  held 
in  solution  at  the  ordinary  temperature,  there  occur,  in  the  crystalline 
crust,  cavities  like  those  in  crystals  formed  below  the  level  of  the 
liquid  when  a  dilute  solution  is  employed,  as  well  as  like  those  when 
a  saturated  hot  solution  is  used,  on  account  of  its  becoming  variously 
concentrated  by  drying  on  the  surface  of  the  crust. 

b.  Number,  size,  form,  and  arrangement  of  cavities. 

There  is  generally  a  most  intimate  relation  between  the  number  of 
cavities  in  a  crystal  and  the  rate  at  which  it  was  formed.  This  is 
well  illustrated  by  the  chlorides  of  sodium  and  potassium  ;  for  when 
very  slowly  deposited,  they  are  transparent,  and  contain  but  few, 
whereas,  when  deposited  more  quickly,  they  are  so  full  of  cavities  as 
to  be  very  white  and  opake.  In  some  cases  the  deposition  proceeds 
rapidly  at  first,  and  white  opake  nuclei  are  formed  ;  and  afterwards 
it  proceeds  more  slowly,  and  the  exterior  of  the  crystals  is  clear  and 
transparent,  as  shown  by  fig.  1, — the  change  from  opake  to  trans- 

parent being  either  sudden  or  gradual,  according  to  circumstances. 
This  also  usually  happens  when  substances  are  crystallized  by  the 
cooling  of  a  strong  hot  solution ;  for  then  deposition  proceeds 
rapidly  at  first,  but  slowly  towards  the  close  of  the  process.  Sul- 

phate of  potash,  however,  contains  nearly  as  many  cavities  when 
formed  slowly  as  when  deposited  quickly.  There  is  also  a  consider- 

able difference  in  the  number  of  cavities  in  different  salts,  though 
formed  under  similar  conditions.  Thus,  if  solutions  of  alum  and 

chloride  of  potassium  be  evaporated  moderately  quickly  side  by  side 
at  the  ordinary  temperature,  the  chloride  of  potassium  contains  so 
many  cavities  as  to  be  perfectly  white  and  opake,  whereas  the 
alum  contains  very  few,  and  is  perfectly  transparent.  The  same 
is  the  case  when  a  mixed  solution  of  common  salt  and  alum  is 

evaporated. 
In  general  the  size  of  the  cavities  varies  inversely  as  their  number ; 

for  when  the  crystals  are  slowly  formed,  they  are  larger,  though  less 
numerous,  as  shown  to  great  advantage  by  the  different  parts  of 
fig.  1.  If  the  rate  of  growth  be  the  same,  crystals  formed  at  a  high 
temperature  contain  fewer  and  larger  cavities  than  those  formed  at  a 
lower. 

When  the  sides  of  the  cavities  are  definite  and  straight,  they  are 
planes  of  the  crystal ;  and  therefore  there  is  a  connexion  between  the 



SORBY — STRUCTURE  OF  CRYSTALS.  461 

form  of  the  crystal  and  that  of  the  cavities.  For  example,  in  the 
cubic  crystals  of  the  chlorides  of  sodium  and  potassium  they  are 
rectangular,  as  seen  in  figs.  4,  17,  &  19;  and  in  the  octahedral 
crystals  of  alum  they  are  often  equilateral  triangles,  like  figs.  28  & 
30  :  but,  from  forms  thus  essentially  related  to  the  planes  of  the 
crystals,  they  pass  into  all  kinds  of  irregular  shapes  only  slightly 
related,  as  shown  in  a  remarkable  manner  by  the  cavities  in  chloride 

of  potassium  formed  at  100°  C.  (figs.  8  &  10). 
The  arrangement  of  the  cavities  is  also  sometimes  related  to  the 

form  of  the  crystal,  as  shown  in  fig.  1  ;  and  bands  parallel  to  the 
bounding  edges  are  very  common,  being  in  fact  lines  of  growth,  pro- 

bably indicating  variations  in  the  rate  of  deposition.  In  some  cases 
they  occur  as  bands  of  single  cavities,  twisting  and  curving  about 
without  any  very  definite  connexion,  as  shown  by  fig.  32  ;  or  they 
are  scattered  promiscuously  through  the  entire  crystal. 

c.   Expansion  of  fluids  hy  heat. 

By  the  experiments  described  above,  I  have  shown  that,  at  the 
temperature  at  which  they  are  formed,  the  fluid-cavities  in  crystals 
are  full  of  the  fluid,  and  that,  if  they  be  examined  at  a  lower  tempe- 

rature, they  contain  vacuities,  owing  to  the  contraction  of  the  fluid 
on  cooling.  Hence  I  think  it  is  only  reasonable  to  conclude  that, 
provided  the  temperature  were  not  known,  it  might  be  ascertained 
approximately  by  determining  what  increase  of  heat  would  be  re- 

quired to  expand  the  fluid  so  as  to  fill  the  cavities.  In  some  cases 
this  can  be  learned  by  direct  experiment ;  but  generally  it  cannot,  and 
we  must  have  recourse  to  calculation,  From  the  nature  of  the  case 

the  temperature  is  that  required  to  cause  the  liquid  to  expand  so 
much  that  the  increase  in  volume  is  equal  to  the  size  of  the  vacuity. 
Taking,  then,  the  volume  of  liquid  for  unity,  and  representing  the 
relative  sizes  of  the  vacuity  by  V,  it  is  easy  to  perceive  that,  if  the 
law  of  the  expansion  of  the  liquid  were  known,  and  the  value  of  V 
had  been  ascertained  by  observation,  the  temperature  could  be  cal- 
culated. 

In  order  to  be  able  to  do  this,  I  have  (June  1858)  made  an  ex- 
tensive series  of  experiments  to  ascertain  the  law  of  the  expansion  of 

water  and  saline  solutions  up  to  a  temperature  of  200°  C.  (392°  F.). 
This  I  did  by  hermetically  enclosing  the  liquid  in  strong  glass  tubes 
about  2  inches  long  and  ̂ th  of  an  inch  internal  diameter,  and 
heating  them  in  a  bath  of  paraffine,  with  such  arrangements  that  the 
increase  in  volume  could  be  measured,  by  means  of  a  micrometer 
microscope,  to  within  the  y^^th  of  an  inch.  This,  however,  is  not 
the  place  for  anything  but  the  general  conclusions.  By  appropriate 
experiments  and  calculations,  I  find  that  the  increase  in  volume 
may  be  represented  very  accurately  by  an  expression  of  the  form 

Y=Bt  +  Ct2,  where  t  is  the  temperature  in  degrees  Centigrade,  and 
B  and  C  constants,  the  value  of  which  depends  upon  the  nature  of  the 
aqueous  solution.  Perhaps,  indeed,  in  reality  there  may  be  terms 

involving  higher  powers  of  t  than  t2 ;  but  if  so,  they  are  so  nearly 
2h2 
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compensated  for  by  the  unequal  expansion  of  the  mercury  of  the 
thermometer  itself,  by  the  expansion  of  the  glass  tube,  or  the  com- 

pression of  the  liquid  by  the  rapidly  increasing  tension  of  the  vapour, 

that  their  value  up  to  200°  C.  is  so  small  that  they  do  not  produce 
any  clearly  marked  effect  in  the  results.  The  action  of  water  on 

glass  at  temperatures  above  200°  C.  is  so  powerful  that  I  was  unable 
to  determine  the  volume  at  a  greater  heat ;  but  from  25°  to  200° 
there  is  such  a  very  close  agreement  between  calculation  and  expe- 

riment that  I  think  the  formula  would  give  sufficiently  accurate 

approximations  to  the  truth  up  to  at  least  300°.  The  law  does  not 
hold  good  near  the  freezing-point ;  but  that  is  of  no  consequence  in 
the  present  inquiry.  The  following  are  the  actual  values  for  water 

and  various  saline  solutions,  the  volume  at  0°  C.  being  taken  for 
unity : — 

1.  Water    V=  •0001344*+-000003245*2 
2.  „    with  10  p.  c.  of  chloride  of  potassium     ..  V  =  -0001868*+-000002524*2 
3.  „        „    25  p.  c.  of  chloride  of  potassium....  V  =  '0003006H-'000001410*2 
4.  „        „    12*  p.  c.  of  chloride  of  potassium+l  v  =  .0003280/+.0000()1422<2 12f  p.  c.  of  chloride  of  sodium..  J 
5.  „        „    25  p.  c.  of  chloride  of  sodium   V=-0003520H--000001370*2 
6.  „        „    25  p.  c.  of  sulphate  of  soda    V  =  '0003077*-p000001644rf2 
7.  „        „    25  p.  c.  of  mixed  salts,  being  the!  y==  .0003221H-000001461<* mean  of  3,  4,  5,  &  6   J  ' 

On  examining  this  table,  it  will  be  seen  that  the  addition  of  salts 
to  the  water  increases  the  value  of  the  coefficient  of  t,  but  decreases 

that  of  t2 ;  thus  causing  the  expansion  to  be  more  uniform,  by 
making  it  greater  at  low,  and  at  the  same  time  considerably  less  at 
high,  temperatures.  As  far  as  I  have  been  able  to  ascertain,  the 
most  trustworthy  experiments  indicate  that  the  product  of  these 
coefficients  is  nearly  constant,  and  that  the  increase  in  the  value  of 
the  coefficient  of  t  varies  in  simple  proportion  to  the  quantity  of  salt 
in  the  solution,  the  amount  of  water  being  taken  as  constant.  Pro- 

bably these  laws  are  not  strictly  correct,  but  still  sufficiently  so  to 
enable  us  to  determine  the  effect  of  variation  in  the  strength  of  the 
solution  as  accurately  as  is  requisite  for  the  purpose  of  the  present 

paper. 
d.  Effects  of  pressure. 

These  conclusions  of  course  apply  to  those  cases  where  the  pressure 
to  which  the  liquid  is  exposed  is  only  equal  to  the  elastic  force  of 

the  vapour ;  but  since,  in  nature's  laboratory,  crystals  have  no  doubt 
often  been  formed  under  very  great  pressure,  it  will  be  necessary  to 
take  into  account  the  compression  of  the  fluid.  The  amount  of  this 
has  been  determined  with  great  accuracy  by  a  number  of  observers 

(Gmelin's  Handbook  of  Chemistry,  Cavendish  Society's  Translation, 
vol.  ii.  p.  62)  ;  but  I  would  particularly  refer  to  the  paper  of  M. 
Grassi  (Annales  de  Chimie,  t.  xxxi.  p.  437).  He  there  shows  that 
the  amount  of  compression  of  pure  water,  for  a  pressure  equal  to 

one  atmosphere,  is  '0000502,  but  decreases  as  the  temperature  in- 
creases.    It  is  less  for  saline  solutions,  but  increases  as  the  tempera- 
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ture  increases  ;  being,  for  a  concentrated  solution  of  common  salt, 

•0000379.  In  the  case  of  both  pure  water  and  saline  solutions,  the 
diminution  of  the  volume  is  in  simple  and  direct  proportion  to  the 
pressure.  Since,  then,  the  amount  of  the  compression  of  pure  water 
decreases  as  the  heat  increases,  but  that  of  saline  solutions  increases, 
I  think  it  extremely  probable  that,  at  very  high  temperatures,  both 
would  converge  toward  a  similar  amount ;  and,  since  it  would  be 
extremely  difficult,  or  even  perhaps  impossible,  to  ascertain  the  fact 
by  experiment  at  a  very  high  temperature,  we  may  adopt  provision- 

ally the  mean  of  the  two,  as  being  probably  not  very  far  from  the 
truth,  especially  in  the  case  of  moderately  strong  saline  solutions. 
From  this,  however,  must  be  deducted  the  amount  of  the  compression 
of  the  crystal  itself ;  and  if  it  be  the  same  as  that  of  glass,  we  should 

have  an  apparent  compression  of  '0000358  for  the  pressure  of  each 
atmosphere,  or  '00000271  for  that  of  each  foot  of  rock  of  sp.  gr. 
2*5,  which  I  adopt  as  a  unit  because  it  seems  more  congenial  with 
the  subject  before  us.  In  accordance  with  this  and  other  principles 
already  described,  the  fluid  about  to  be  caught  up  in  a  fluid-cavity 
being  expanded  by  the  heat  to  1  +  V,  would  have  its  volume  reduced 

(1  +  V)  '00000271  for  the  pressure  of  each  foot  of  rock.  Therefore, 
when  crystals  are  formed  at  a  high  temperature,  under  a  pressure 
equal  to  p  feet  of  rock,  the  real  volume  of  the  highly  heated  but 
compressed  liquid,  caught  up  so  as  to  fill  a  cavity,  would  be 

1+V— (1 +V)'00000271  p ;  and  when  cold  and  the  pressure  re- 
moved, as  it  must  be  when  a  vacuity  has  been  formed,  the  size  of  the 

vacuity  would  be  the  difference  between  this  and  the  volume  of  the 

fluid  taken  as  unity,  viz.  V— (1  +  V)'00000271  p. 

e.  The  elastic  force  of  the  vapour  of  water. 

This  has  been  determined  in  a  very  satisfactory  manner  by  Dulong 
and  Arago  (Quart.  Journal  of  Science,  Jan.  to  June  1830,  p.  191)  ; 
and  they  give  an  empirical  formula,  which  they  say  is  particularly 
applicable  to  high  temperatures.  Adopting  this,  and  modifying  it 

so  that  t  represents  single  degrees  above  0°  C,  and  e  the  elastic  force 
expressed  in  feet  of  rock,  we  have  e  =  13'2{l  + -007153  (7-100)}5. 

From  the  various  facts  described  above,  I  deduce  the  following 

equations. 
Adopting  as  units,  for  the  temperature,  degrees  Centrigade ;  for 

the  pressure,  feet  of  rock  of  sp.  gr.  2*5,  so  that  13*2  feet  equal  one 
atmosphere ;  and  for  the  volume  of  the  vacuities,  that  of  the  fluid  in 

the  cavities  at  0°, — 
If  £=the  temperature, 
^=the  pressure  beyond  that  equal  to  the  elastic  force  of 

the  vapour  at  t, 

V=the  relative  size  of  the  vacuity  at  0°  C,  corresponding 
to  t,  when  p  =  0, 

v=the  relative  size  of  the  vacuity  as  actually  observed 
liable  to  the  influence  of  the  pressure  p} 

e=the  elastic  force  of  the  vapour  of  water  at  t. 
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B  and  C  =  two  constants,  whose  values  depend  on  the  nature  and 
strength  of  the  saline  solution  in  the  cavity, 

Then  we  have 

Y=Bt  +  Ct2   equation  (1) 

__v+  -00000271^  /2x 1 --00000271^ 

>y/4CV  +  Bs 2C 

/4(f_±^0000027lp 

.     >v/4CV  +  B2-B  m 
'   2C     W 

00000271^  '  B'     B 2C    ■••>-,•  W 

v=(B^  +  C^2)(l--00000271i))--00000271i3      (5) 

jp=369,000^   (6) 

e=13-2{l+-007153(^-100)}5   (7) 
lf>=0,  i?==V. 

These  equations  can  he  considered  strictly  accurate  only  for 
moderate  values  of  t  and  p  ;  but  for  greater  there  must  certainly  be 
a  limit  past  which  they  would  cease  to  give  accurate  results.  At 
present,  however,  it  is  impossible  to  say  what  that  limit  is ;  and 
therefore  I  think  we  cannot  do  better  than  adopt  them  provisionally. 

It  will  be  seen  from  (5)  that  the  actual  relative  size  of  the  vacuities 
depends  on  both  the  temperature  and  the  pressure  at  which  the 
cavities  were  formed.  Therefore  we  have  single  equations  involving 
two  unknown  quantities  ;  so  that,  unless  the  value  of  one  be  known, 
that  of  the  other  cannot  be  determined.  If  the  pressure  were  known, 
the  temperature  could  be  calculated  from  (4),  and  thus  the  fluid- 
cavities  be  made  use  of  as  self-registering  thermometers,  whilst,  if 
the  temperature  or  the  value  of  V  were  known,  the  pressure  could 

be  calculated  from  (6),  and  thus  the  fluid-cavities  be  employed  as 
spring-balances.  They  are,  in  fact,  in  this  respect  analogous  to  air- 
thermometers,  which  may  be  used  as  thermometers  or  barometers, 
according  as  the  real  pressure  or  temperature  is  known.  If  the 
actual  pressure  be  known  only  approximately,  but  must  have  been  the 
same  for  any  two  or  more  crystals  having  v  different,  the  difference 
in  the  temperature  could  be  calculated  from  (4) ;  or,  if  the  tempe- 

rature were  the  same,  and  an  approximation  to  the  value  of  V  known, 
the  difference  in  the  pressure  could  be  ascertained  from  (6).  I  do 
not  think  there  is  any  reason  to  believe  that  the  actual  size  of  the 
fluid-cavities  can  invalidate  these  general  principles.  Is  not  the 
proportion  between  the  diameter  and  circumference  of  a  circle  the 
same,  whether  it  is  visible  to  the  naked  eye  or  cannot  be  seen  with- 

out a  high  magnifying  power  ?  Similarly,  since  there  appears  to  be 
no  connexion  between  the  actual  quantity  of  fluid  and  the  propor- 

tionate increase  in  the  volume  by  heat  or  decrease  by  pressure,  we 
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may,  I  think,  as  fully  rely  on  the  ratios  deduced  from  the  minute 
tubes  enclosed  in  solid  crystal,  as  from  the  larger  tubes  employed  in 
our  experiments.  Sometimes,  indeed,  it  is  difficult  to  determine  that 
ratio  accurately ;  but  very  often  a  close  approximation  can  be  made 

by  means  of  the  microscope-micrometer,  as  already  described. 

§  2.   Crystals  formed  by  sublimation. 

In  this  case,  if  no  fluid  be  present,  of  course  no  fluid-cavities  can 
be  formed;  but  irregularities  in  the  growth  of  the  crystals  cause 
them  to  catch  up  gas  or  vapour,  so  as  to  form  what  may  be  con- 

veniently distinguished  by'the  names  gas-  or  vapour-cavities.  Such 
cavities  are  well  seen  in  hydrochlorate  of  ammonia,  as  shown  by 
fig.  38,  or  in  corrosive  sublimate,  fig.  39.  They  are,  in  fact,  like 
bubbles  of  more  or  less  regular  form,  enclosed  in  the  solid  crystal, 
and  differ  from  full  fluid-cavities  in  having  a  broader  and  darker 
margin.  If  formed  at  a  high  temperature  and  under  great  pres- 

sure, since  the  enclosed  highly  compressed  vapour  might  be  condensed 
on  cooling,  the  cavities  might  be  covered  with  small  crystals,  or 
contain  some  liquid,  according  to  the  nature  of  the  enclosed  vapour. 

§  3.  Crystals  formed  by  fusion. 

The  formation  of  crystals  from  a  state  of  igneous  fusion  is  in  every 
respect  analogous  to  what  takes  place  when  crystals  are  formed  in 
water.  It  is  simply  the  deposition  of  crystals  from  solution  in  a 
liquid  that  becomes  solid  at  a  high  temperature,  or  the  crystallization 
of  that  liquid  itself,  in  the  same  manner  as  when  crystals  are  deposited 
from  solution  in  water,  or  the  water  itself  freezes.  Nevertheless  the 

temperature  at  which  water  and  melted  rocks  become  solid  are  so  very 
different,  that  the  two  processes  may  be  conveniently  classed  under 
different  heads.  It  is  quite  inaccurate  to  suppose  that  the  presence 
of  water  is  essential  in  the  formation  of  crystals  ;  for,  as  every  chemist 
well  knows,  many  can  be  formed  without  a  trace  of  water  being  present. 

A  glass  is  a  liquid  which,  on  cooling,  becomes  more  and  more 
viscous,  and  at  length  solidifies  without  undergoing  any  sudden  and 
definite  change  in  physical  structure.  If,  however,  the  liquid,  after 
cooling  to  a  certain  temperature,  crystallize,  it  undergoes  a  sudden 
and  entire  physical  change,  and  the  structure  becomes  stony.  In 
most  cases  the  crystals  thus  formed  possess  double  refraction,  and 
therefore  depolarize  polarized  light ;  whereas  the  uncrystalline  glass 
has  no  more  influence  on  it  than  such  a  liquid  as  stiff  Canada 
balsam. 

The  best  illustration  I  have  met  with  of  the  characteristic  structure 

of  crystals  formed  artificially  by  the  cooling  of  a  heterogeneous  mass 
in  the  state  of  igneous  fusion,  are  the  thin  flat  crystals  of  basic 
silicate  of  protoxide  of  iron,  so  common  in  the  slags  of  copper-  and 
nickel-ores.  Their  surfaces  are  covered  with  deep  striae  ;  and  when 
crystals  sufficiently  thin  to  be  partially  transparent  are  mounted  in 
Canada  balsam  and  examined  with  a  microscope,  it  is  seen  that  many 
such  strise  have  been  covered  up,  so  as  to  form  tubular  cavities 
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enclosing  the  material  of  the  slag  surrounding  the  crystals,  as  shown 
by  fig.  40.  In  one  part  is  a  long,  straight,  open  depression  on  the 
face  of  the  crystal ;  and  in  another  is  a  tubular  cavity  of  varying 
width,  enclosed  in  the  solid  crystal ;  whilst  in  other  parts  are  smaller 
and  shorter  cavities,  related  to  the  larger  in  precisely  the  same 
manner  as  those  occurring  in  alum,  shown  in  fig.  26.  When  more 
highly  magnified,  some  are  seen  to  be  as  shown  by  figs.  41  and  42, 
which,  in  containing  bubbles,  closely  resemble  fluid-cavities.  They 
were  indeed  fluid-cavities  when  first  formed ;  but  it  was  a  fluid  that 
did  not  remain  liquid  at  the  ordinary  temperature,  being  in  fact  a 
glass.  It  of  course  appears  more  natural  to  call  a  space  inside  a 
crystal,  containing  only  a  gas  or  liquid,  a  cavity ;  but  if  it  thus 
contain  a  solid  glassy  substance,  since  some  convenient  name  is 
requisite,  it  appears  to  me  that  we  cannot  do  better  than  adopt  a 
term  analogous  to  that  so  generally  adopted  for  fluid- filled  cavities, 
and  call  these  glass-filled  cavities  glass- cavities. 

The  most  characteristic  difference  between  fluid-cavities  and  glass- 
cavities  is  the  movement  of  the  bubbles  in  the  fluid-cavities ;  for  of 
course  bubbles  cannot  move  in  solid  glass.  However,  since  many 
of  the  bubbles  in  fluid-cavities  do  not  move,  we  are  sometimes  com- 

pelled to  have  recourse  to  other  tests.  Strongly  heating  the  crystal 
expels  the  fluid  from  fluid-cavities,  but  produces  no  effect  on  glass- 
cavities  unless  the  heat  be  sufficient  to  melt  the  enclosed  glass. 
They  may  also  often  be  distinguished,  without  spoiling  the  object,  by 
the  difference  in  the  relation  between  the  dark  exterior  and  trans- 

parent centre  of  the  bubbles.  The  dark  exterior  is  of  course  due 
to  the  refraction  and  total  reflection  of  the  light  in  passing  through 
the  bubble,  which  vary  as  the  refractive  power  of  the  substance. 
Therefore,  since  that  of  the  glass  is  considerably  greater  than  that 
of  the  aqueous  solutions  in  the  fluid-cavities,  the  dark  zone  is  con- 

siderably wider ;  and  if  the  bubbles  be  spheres,  the  bright  central 
spot,  seen  with  a  particular  adjustment  of  the  focus  of  the  micro- 

scope, is  relatively  nearly  twice  as  large  in  fluid-cavities  as  in  glass- 
cavities. 

Sometimes  the  glass-cavities  in  the  basic  silicate  of  iron  contain 
crystals  of  a  dark  colour,  that  have  been  deposited  from  the  glass  on 
cooling,  as  shown  by  figs.  44  and  45,  and  are  thus  analogous  to  the 
fluid-cavities  in  crystals  deposited  from  a  strong  hot  solution  of 
another  salt.  Others,  like  fig.  43,  are  analogous  to  those  in  which 

contemporaneously  formed  crystals  wTere  caught  up  along  with  the 
fluid,  and  project  beyond  the  general  outline  of  the  cavity.  In  other 
cases  they  are  entirely  filled  with  the  dark  substance  that  became 
crystalline  on  cooling,  as  shown  by  fig.  46 ;  and  these,  being  stone- 
filled  cavities,  may  be  distinguished  by  the  name  of  stone-cavities, 
in  order  to  carry  out  the  same  general  nomenclature.  These  are 
analogous  to  what  cavities  containing  water  would  be  if  the  ordinary 
temperature  of  the  atmosphere  was  so  low  that  the  fluid  froze,  and 
the  whole  cavity  was  filled  with  minute  crystals  of  ice  and  of  any 
salt  previously  in  solution  in  the  water. 

A  few  good  glass-cavities  occur  in  the  crystals  of  Humboldtilite, 
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so  common  in  many  slags  of  iron-furnaces,  as  shown  by  fig.  48  ;  and 
in  some  crystals  of  pyroxene  in  the  slag  of  the  blast-furnaces  at 
Masborough,  good  examples  of  stone-cavities  are  found,  one  of  which 
is  represented  in  fig.  47. 

The  connexion  between  the  form  of  the  crystals  and  that  of  the 

cavities  is  precisely  the  same  in  the  case  of  glass-  and  stone-cavities 
as  of  fluid-cavities.  Thus,  in  fig.  45,  four,  and  in  figs.  41  and  46 
two  straight  sides  are  directly  connected  with  planes  of  the  crystals, 
whilst  in  figs.  42,  44,  47,  and  48  they  are  curved  and  scarcely  in 
any  way  related.  There  is  thus  a  most  perfect  analogy  between 

glass-  and  stone-cavities  and  fluid-cavities,  in  every  respect  except 
the  nature  of  the  included  substances.  These,  however,  differ  from 

one  another  as  much  as  the  fusing-points  of  the  liquids  from  which 
the  crystals  were  deposited,  and  as  the  two  processes  of  igneous 
fusion  and  aqueous  solution ;  and  are  so  essentially  connected  with 
those  processes  as  to  point  out  most  clearly  how  the  crystals  were 
formed. 

When  a  perfectly  pure  homogeneous  substance  crystallizes  on 
cooling  from  a  state  of  fusion,  of  course  no  cavities  like  those  just 
described  can  be  formed ;  but  some  substances  in  passing  from  the 
liquid  to  the  solid  state  give  off  gas  that  was  soluble  in  them  when 
liquid,  but  cannot  be  dissolved  by  them  when  solid.  This  fact  is 
well  illustrated  by  the  freezing  of  water,  the  bubbles  enclosed  in  ice 
being  gas-cavities  produced  in  this  manner  by  the  cooling  and 
solidification  of  a  substance  fusing  at  a  low  temperature.  When 

heated  to  the  melting-point,  the  ice  thaws  round  about  these  cavities, 
as  described  by  Dr.  Tyndall  (Proceedings  of  the  Royal  Society, 
vol.  ix.  p.  76)  ;  and  they  then  contain  both  water  and  a  bubble,  like 
the  fluid-cavities  in  crystals  deposited  from  solution  in  water  at  an 
elevated  temperature.  It  is,  however,  merely  a  deceptive  analogy, 
without  any  true  affinity.  The  real  relationship  is  to  what  would 
in  all  probability  occur  if  crystals  formed  by  the  cooling  of  a  sub- 

stance that  becomes  solid  at  a  high  temperature  were  heated  to  the 
point  of  fusion,  when  probably  it  would  fuse  first  round  about  the 
few  gas-cavities  which  such  crystals  often  contain. 

The  most  important  result  that  could  be  produced  by  the  opera- 
tion of  great  pressure,  in  the  formation  of  crystals  by  igneous  fusion, 

is  what  might  occur  if  it  were  so  great  as  entirely  to  counteract  the 
elastic  force  of  the  vapour  of  water,  and  permit  it  to  be  present  in  a 
liquid  state  along  with  the  melted  stony  matter.  It  would  be  ex- 

tremely difficult  to  prove  by  actual  experiment  what  is  the  structure 
of  crystals  formed  under  such  conditions ;  but  I  think  the  general 
principles  derived  from  the  experiments  already  described  enable  us 
to  form  a  very  satisfactory  conclusion  on  the  subject.  Some  crystals 
might  be  deposited  from  solution  in  the  highly  heated  water,  and 
catch  up  small  portions  of  the  fused  stone,  whilst  others  might  be 
formed  by  the  crystallization  of  the  melted  stone,  and  catch  up  small 
portions  of  the  liquid  water.  In  both  cases  the  characteristic  struc- 

ture would  be  the  presence  in  the  same  crystal  of  the  peculiarities  of 
crystals  formed  from  a  state  of  igneous  fusion,  combined  with  the 
peculiarities  of  those  deposited  from  solution  in  water ;  and  it  might 
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be  difficult,  or  even  impossible,  to  decide  wbich  process  was  essential, 
or  whether  their  combination  was  requisite  for  the  production  of  any 
particular  kind  of  crystal.  When,  therefore,  formed  under  great 
pressure  by  the  combined  influence  of  liquid  water  and  melted  stone, 
we  may,  I  think,  conclude  that  the  crystals  would  contain  glass-  or 
stone-cavities,  and  perhaps  gas-  and  vapour-cavities,  as  well  as  fluid- 
cavities,  the  relative  size  of  the  vacuities  depending  on  the  tempera- 

ture and  pressure, — whilst  both  the  fluid-  and  vapour-cavities  might 
contain  small  crystals,  deposited  on  cooling. 

§  4.    General  Conclusions. 

The  various  facts  described  above  will,  I  think,  warrant  the  fol- 

lowing general  conclusions : — 
1 .  Crystals  possessing  only  cavities  containing  water  more  or  less 

saturated  with  various  salts  were  formed  by  being  deposited  from 
solution  in  water. 

2.  The  relative  size  of  the  vacuities  in  normal  fluid-cavities  de- 
pends on  the  temperature  and  pressure  at  which  the  crystals  were 

formed,  and  may  in  some  cases  be  employed  to  determine  the  actual 
or  relative  temperature  and  pressure. 

3.  Crystals  containing  only  glass-  or  stone-cavities  were  formed  by 
being  deposited  from  a  substance  in  the  state  of  igneous  fusion. 

4.  Crystals  containing  only  gas-  or  vapour-cavities  were  formed  by 
sublimation  or  by  the  solidification  of  a  fused  homogeneous  sub- 

stance, unless  they  are  fluid-cavities  that  have  lost  all  their  fluid. 
5.  Other  circumstances  being  the  same,  crystals  containing  few 

cavities  were  formed  more  slowly  than  those  containing  more. 

6.  Crystals  possessing  fluid-cavities  containing  a  variable  amount 
of  crystals,  and  gradually  passing  into  gas-cavities,  were  formed 
under  the  alternate  presence  of  the  liquid  and  a  gas. 

7.  Crystals  in  which  are  found  both  cavities  containing  water  and 
cavities  containing  glass  or  stone  were  formed,  under  great  pressure, 
by  the  combined  action  of  igneous  fusion  and  water. 

8.  Crystals  having  the  characters  of  6  and  7  combined  were 
formed,  under  great  pressure,  by  the  united  action  of  igneous  fusion 
and  water  alternating  with  vapour  or  a  gas,  so  as  to  include  all  the 
conditions  of  igneous  fusion,  aqueous  solution,  and  gaseous  sub- 
limation. 

Such  then  are  the  general  principles  I  purpose  to  apply  in  investi- 
gating the  origin  of  minerals  and  rocks.  It  will  be  perceived  at  once 

that,  in  one  way  or  other,  they  may  be  brought  to  bear  on  almost 
every  branch  of  physical  and  chemical  geology.  In  this  communi- 

cation I  shall  illustrate  the  subject  by  applying  them  to  some  of  the 
leading  branches  of  inquiry,  without  attempting  to  treat  each  in  a 
complete  manner. 

II.  Structure  of  Natural  Crystals. 

§  1 .  Methods  employed  in  examining  minerals  and  rocks. 

In  examining  the  microscopical  structure  of  rocks  and  minerals,  I 
have  in  many  cases  prepared  sections  sufficiently  thin  to  admit  of 
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the  use  of  transmitted  light  with  very  high  magnifying  powers,  for 

which  purpose  they  should  be  from  about  yJo-th  to  1  ̂0  0th  of  an 
inch  thick.  I  here  particularly  draw  attention  to  the  necessity  of 
not  using  any  polishing  powder,  because  it  enters  into,  and  fills  up, 
cavities  and  flaws,  and  would  easily  give  rise  to  factitious  appear- 

ances that  might  mislead  most  fatally.  This  must  be  carefully  borne 
in  mind  when  the  manner  in  which  a  section  has  been  prepared  is 
not  known ;  for  otherwise  it  might  be  worse  than  useless.  The 
surfaces  of  the  rock  or  mineral  should  be  dressed  extremely  fine,  with 
water,  on  a  perfectly  flat  piece  of  very  hard  and  smooth  Water-of- 
Ayr  stone,  when  they  usually  become  quite  sufficiently  polished. 
One  side  of  the  section  is  of  course  fixed  on  glass  with  Canada 
balsam  before  it  is  rubbed  down  very  thin  ;  and  when  finished,  thin 

glass  should  be  mounted  over  the  upper  surface  with  the  same  sub- 
stance. This  not  only  preserves  the  object  from  injury,  but  has  the 

most  important  eifect  of  rendering  it  far  more  clear  and  transparent. 
In  many  cases,  however,  it  is  unnecessary  to  prepare  such  sections. 
Portions  of  the  mineral  can  be  broken  off  sufficiently  thin,  and  when 
mounted  under  glass  in  Canada  balsam  can  be  most  readily  examined 
with  high  magnifying  powers.  This  method  has  not  only  the  ad- 

vantage of  saving  much  time,  but,  there  being  no  necessity  for  a 
strong  heat,  the  risk  of  expelling  the  fluid  from  the  fluid-cavities  is 
obviated.  For  some  purposes,  however,  thin  sections  are  quite  in- 

dispensable ;  and  in  mounting  them  care  should  be  taken  not  to 
employ  a  higher  temperature  than  is  absolutely  necessary. 

For  the  examination  of  mounted  fragments,  I  have  found  Messrs. 

Smith  and  Beck's  ̂ th-inch  object-glass  of  very  great  value  on 
account  of  not  approaching  the  object  too  closely ;  and  by  using 
along  with  this  their  second  eye-piece  with  a  micrometer,  the  size  of 
anything  can  be  measured  at  once.  This  is  the  power  I  have  chiefly 
employed,  and  is  about  400  linear ;  the  divisions  of  the  micrometer 

are  -g-^ -^-th  of  an  inch ;  and  thus  cavities  much  less  than  that  are 
quite  distinct,  their  contents  are  easily  seen,  and  their  dimensions 

and  that  of  the  vacuity  can  be  measured  to  within  5  0  *  0-g-th  of  an inch. 

§  2.    Water  contained  in  crystals. 

The  difference  between  the  water  mechanically  enclosed  in  the 
fluid-cavities  of  a  crystal,  and  that  chemically  combined  with,  the  sub- 

stance of  which  it  is  composed,  is  of  course  most  complete.  That 
chemically  combined  is  one  of  the  essential  constituents  of  the 
mineral,  cannot  be  seen  with  any  kind  of  magnifying  power,  and  is 
probably  not  in  the  state  of  liquid  water ;  whereas  that  in  the  fluid- 
cavities  is  altogether  unessential  to  the  existence  of  the  substance, 
and  is  in  the  form  of  a  visible  liquid,  merely  enclosed  mechanically. 

When  a  mineral  contains  fluid-cavities,  of  course  it  does  not  neces- 
sarily follow  that  the  fluid  is  water ;  and  it  is  often  difficult  to  ascer- 

tain what  it  is  when  in  the  cavities.  If,  however,  the  mineral  contains 
no  chemically  combined  water,  it  is  easy  to  prove  what  it  is  when 
out  of  the  cavities.     On  applying  a  strong  heat,  the  expansion  of  the 
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fluid,  or  the  elastic  force  of  the  vapour,  bursts  the  cavity  and  often 
causes  the  crystal  to  fly  to  pieces  with  great  violence.  When  sub- 

sequently examined  with  the  microscope,  it  is  seen  that  the  fluid  has 
been  expelled ;  and  in  order  to  ascertain  whether  or  not  the  fluid  thus 
given  off  is  water,  I  adopt  the  following  method.  I  have  a  glass  tube 
8  inches  long  and  with  a  i-inch  bore,  closed  at  one  end ;  and,  having 

placed  in  it  fragments  of  the  mineral  dried  at  100°  C,  I  fill  the  tube 
with  air  dried  by  passing  over  chloride  of  calcium.  The  open  end 
is  then  closed  with  a  well- dried  cork,  and  the  other  passed  through 
two  holes  in  the  opposite  sides  of  a  small  box  containing  a  mixture 
of  pounded  ice  or  snow  and  salt,  so  as  to  project  about  a  couple  of 
inches.  A  sufficiently  strong  heat  is  then  applied  to  the  closed  end, 
containing  the  fragments,  to  expel  the  fluid  from  the  cavities.  If 
they  contained  water,  it  is  condensed  as  small  crystals  of  ice  on  the 
cold  part  of  the  tube ;  and  when  the  whole  has  cooled,  it  is  with- 

drawn from  the  box  and  placed  in  a  strong  solution  of  common  salt, 

at  a  temperature  several  degrees  below  the  freezing-point  of  water, 
and  the  form  of  the  enclosed  crystals  examined  with  a  magnifying 
glass.  By  carefully  noticing  the  rise  of  a  thermometer  as  the  solu- 

tion of  salt  becomes  warmer,  the  temperature  at  which  they  cease  to 
be  solid  and  pass  into  a  liquid  is  easily  ascertained ;  and  if  it  be 
found  that  the  crystalline  form  and  melting-point  of  the  liquid  thus 
given  off  from  the  fluid-cavities  are  the  same  as  those  of  water,  I 
think  we  may  safely  conclude  that  the  liquid  seen  in  the  cavities  is 
water  or  some  aqueous  solution. 

§  3.  Minerals  contained  in  Secondary  Rocks, 

a..  Rock-Salt,  Calcite,  fyc. 

In  proceeding  now  to  apply  the  above  general  conclusions  to  the 
investigation  of  the  circumstances  under  which  natural  crystals  were 
formed,  it  will  be  best  to  commence  with  rock-salt,  since  its  peculiar 
structure  can  be  imitated  artificially  with  perfect  accuracy.  It 
often  contains  excellent  fluid-cavities,  which,  besides  a  fluid,  sometimes 
enclose  a  variable,  and  often  a  considerable,  quantity  of  mud.  On 
the  whole,  the  specimens  I  have  examined  do  not  contain  much  of 
this  substance ;  and  in  the  solid  parts  of  the  crystals  the  cavities 
are  full  of  liquid.  Hence  the  salt  must  have  been  deposited  very 
slowly  from  solution  in  more  or  less  muddy  water,  at  a  heat  not  very 
considerably,  if  at  all,  higher  than  the  ordinary  temperature  of  the 
atmosphere,  unless  it  was  formed  under  a  very  great  pressure. 
Much  the  same  conclusions  apply  to  the  selenite  in  gypseous  marls ; 

but  most  of  the  cavities  have  lost  fluid  by  drying, — which  need  not 
surprise  us,  since  it  contains  combined  water  and  has  a  very  laminar 
structure. 

When  pure  calcite  containing  no  fluid-cavities  is  heated,  it  does 
not  decrepitate,  and  gives  off  no  water ;  but  when  it  contains  fluid- 
cavities,  the  crystals  fly  to  pieces  and  give  off  water,  and  I  therefore 
conclude  that  the  fluid  in  the  cavities  is  water.  I  have  found  many 
excellent  fluid-cavities  in  the  calcite  of  modern  tufaceous  deposits,  in 
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that  of  the  veins  in  limestone,  and  in  many  trappean  rocks  ;  also 
in  fluor  spar,  in  the  sulphates  of  baryta  and  strontia,  and  in  several 
other  minerals  found  in  ordinary  veins,  as  if  they  had  been  deposited 
from  solution  in  water.  In  most  of  the  cases  I  have  examined,  the 

vacuities  in  the  normal  fluid-cavities  are  very  small ;  and,  unless  they 
were  formed  under  great  pressure,  the  temperature  must  have  varied 
from  that  of  the  atmosphere  up  to  about  that  of  boiling  water. 
Much,  however,  remains  to  be  determined ;  and  the  variations  in  tem- 

perature have  too  local  a  connexion  to  be  considered  in  this  paper. 

b.  Quartz-veins. 

Since  the  facts  to  be  learned  from  the  study  of  the  fluid-cavities 
in  quartz  are  extremely  interesting,  I  must  describe  them  in  some 
detail.  As  is  well  known,  they  are  occasionally  of  considerable  size, 
so  as  to  be  perfectly  visible  to  the  naked  eye,  and  contain  bubbles 
that  move  about  like  those  in  spirit-levels.  The  fluid  contained  in 
them  was  proved  by  Sir  H.  Davy  (Philosophical  Transactions,  1822, 
p.  367)  to  be  nearly  pure  water;  and  my  own  experiments  confirm 
that  conclusion.  I  froze  the  fluid  in  a  cavity  about  -1-th  of  an  inch  in 
diameter  in  a  transparent  crystal,  and  found  that  it  thawed  exactly 
at  the  thawing-point  of  ice.  When  clear  quartz  containing  no  fluid- 
cavities  is  heated  in  a  tube,  no  water  is  given  off;  but  that  with 
fluid-cavities  gives  off  a  fluid  condensing,  at  a  low  temperature,  into 
crystals  whose  form  and  thawing-point  are  the  same  as  those  of  ice. 
Besides  this  water,  there  is  often  another  substance  given  off,  which 
condenses  as  a  solid  nearer  to  the  hot  end  of  the  tube  than  where  the 

water  is  deposited.  I  have  ascertained  that  this  is  chloride  of  potas- 
sium or  sodium.  The  water  also  often  has  a  strong  acid-reaction, 

due  to  hydrochloric  acid,  either  derived  from  the  decomposition  of 
the  above-named  salts  by  the  heated  quartz,  or,  as  is  certainly  the 
case  in  some  instances,  existing  in  a  free  state  in  the  fluid-cavities. 

In  order  to  ascertain  the  nature  of  the  salts  dissolved  in  the  fluid 

in  the  cavities,  I  reduce  the  carefully-washed  crystals  to  powder,  so 
as  to  break  open  the  cavities,  and  then  dissolve  out  the  soluble  salts 
with  distilled  water.  When  rendered  quite  clear  by  filtering  and 
standing  for  some  days,  on  evaporating  this  solution  to  dryness,  the 
nature  of  the  salts  can  be  ascertained  by  the  microscope  and  appro- 

priate chemical  tests.  In  this  manner  I  have  found  (July,  1858) 
that  the  fluid  in  the  cavities  often  contains  a  very  considerable  quan- 

tity of  the  chlorides  of  potassium  and  sodium,  the  sulphates  of  pot- 
ash, soda,  and  lime,  and  sometimes  free  acids.  This  explains  why 

I  was  not  able  to  freeze  the  fluid  in  some  rock-crystal  from  Ceylon, 
containing  very  excellent  fluid-cavities  of  about  T^)th  of  an  inch  in 

diameter,  at  a  temperature  of  about  —20°  C.  (—4°  F.) ;  for  though, 
according  to  my  own  observations,  pure  water  in  tubes  less  than  -g-o-yth 
of  an  inch  in  diameter  does  not  freeze  till  the  temperature  is  reduced 

to  about  — 15°  C.  (3°F.),  it  freezes  at  once  at  that  temperature  in 
those  of  the  diameter  of  these  fluid-cavities.  It  also  serves  to  explain 
the  amount  of  expansion  by  heat.     I  had  ascertained  from  most  ex- 
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cellent  data,  that  the  vacuities  were  uniformly  very  nearly  *141  of  the 
enclosed  liquid  at  0°  C. ;  and  therefore,  calculating  from  the  results 
of  my  experiments,  if  the  fluid  had  been  pure  water,  it  would  have 

expanded  so  as  to  fill  the  cavities  at  189°  C.  However,  on  heating  a 
portion  of  the  quartz  in  a  bath  of  paraffine,  so  arranged  that  it  could 

be  examined  with  the  microscope,  I  found  that  at  217°  C.  very  mi- 
nute bubbles  were  still  visible  in  the  fluid-cavities  ;  but  at  220°  they 

had  most  certainly  disappeared.  We  may  therefore  conclude  that 
the  fluid  expands  so  as  to  fill  the  cavities  at  a  temperature  of  from 

218°  to  219°.  On  reducing  some  of  the  crystal  to  powder,  I  obtained 
so  much  of  alkaline  chlorides  and  sulphates  that  I  do  not  think  they 
could  amount  to  less  than  15  per  cent,  of  the  fluid  in  the  cavities. 
They  could  not  amount  to  above  30  per  cent. ;  or  else  crystals  would 
have  been  deposited  in  the  cavities.  If  in  equation  (3)  we  substi- 

tute the  values  of  B  and  C,  previously  determined  for  a  solution 
containing  25  per  cent,  of  mixed  alkaline  chlorides  and  sulphates,  we 
obtain 

t—  -V/684462V+  12144- 110   equation  (8) 

and  substituting  in  this  the  value,  V=*141,  we  find  £=2190,4.  Cal- 
culating from  the  laws  of  the  variation  due  to  a  difference  in  the 

amount  of  salt  in  solution,  if  less  or  more  than  25  per  cent.,  the  value 
of  t  would  be  reduced ;  so  that,  if  20  or  30  per  cent.,  it  would  be 

218°.  If  therefore,  as  is  probable,  the  fluid  in  the  cavities  is  a 
strong  solution,  the  temperature  determined  by  calculation  almost 
exactly  agrees  with  that  previously  ascertained  by  actual  experiment. 
It  is  seldom  that  the  size  of  the  cavities  is  sufficiently  large  to  enable 
me  to  verify  my  calculations  in  this  manner ;  for  the  experiment  can- 

not be  made  when  very  high  magnifying  powers  are  requisite  ;  but 
the  agreement  in  this  case  is  so  remarkable  as  to  cause  me  to  have 
very  considerable  confidence  in  those  that  cannot  thus  be  verified. 

Equation  (8)  of  course  gives  the  temperature  requisite  to  expand 
the  fluid  so  as  to  fill  the  cavity,  and  does  not  indicate  the  tempera* 
ture  at  which  the  crystal  was  formed,  unless  the  pressure  was  only 
equal  to  the  elastic  force  of  the  vapour.  This  true  temperature  is 
expressed  by  substituting  the  value  of  V  given  by  equation  (2),  in 

(8),  when  we  obtain 

\/ 

v+-00000271p 

684462i_.0Q000271^+ 12144-110  . .  equation  (9) 

which,  of  course,  becomes  (8)  whenj3=0. 
Some  quartz  contains  cavities  enclosing  two  immiscible  fluids,  like 

those  occurring  in  Brazilian  topaz,  described  by  Sir  David  Brewster 
(Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  x.  pp.  1  and 
407).  Since,  however,  their  peculiarities  have  been  so  well  explained 
by  him,  and  they  occur  so  rarely  in  quartz  as  to  be  quite  an  excep- 

tion to  the  general  rule,  I  need  not  do  more  than  refer  to  fig.  52  as 
an  illustration  of  their  general  character.  They  appear  as  if  they 
contained  two  bubbles,  one  inside  the  other,  owing  to  the  fluid  which 
has  a  less  refractive  power  containing  a  bubble,  and  collecting  itself 
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into  a  globular  form.  Since  the  bubble  moves  about  in  the  central 
fluid,  and  this  also  moves  in  the  exterior  fluid,  both  must  be  liquids ; 
and  I  very  strongly  suspect  that  further  research  will  prove  that  one 
is  water  and  the  other  a  condensed  gas. 

In  determining  the  relative  size  of  the  vacuities  in  fluid-cavities, 
of  course,  care  must  be  taken  not  to  make  use  of  such  as  have  caught 
up  bubbles  of  gas  along  with  the  fluid,  which  is  more  likely  to  hap- 

pen with  large  cavities  than  with  small.  There  is  also  a  greater  risk 
of  the  large  coming  across  flaws  in  the  crystal,  so  as  to  lose  fluid. 
The  very  minute  should,  however,  be  avoided,  as  being  too  much 
affected  by  the  cohesion  of  the  liquid  to  the  sides.  It  is  therefore 
best  to  select  those  of  moderate  size,  which  have  vacuities  of  very 
uniform  relative  magnitude,  in  parts  where  vapour-  or  gas-  cavities 
do  not  occur  and  the  crystal  is  very  solid.  Sometimes  we  may  dis- 

tinctly see  that  the  quartz  has  been  cracked,  and  the  cracks  after- 
wards filled  up  with  quartz.  This,  like  the  formation  of  the  large 

veins  described  below,  appears  in  some  cases  to  have  taken  place  at 
a  lower  temperature,  and  explains  why  bands  of  cavities  occasionally 
occur  with  vacuities  relatively  less  than  those  in  the  fluid-cavities  of 
the  general  mass.  As  already  mentioned,  whenever  it  is  possible, 
such  tubular  cavities  should  be  chosen  as  that  represented  by  fig.  50. 

In  the  trachyte  of  Ponza  there  occur  veins  of  quartz,  as  described 
by  Scrope  (Transactions  of  the  Geol.  Soc.  2nd  ser.  vol.  ii.  p.  208). 
These  contain  many  fluid- cavities  with  water  holding  in  solution  the 
chlorides  of  potassium  and  sodium,  the  sulphates  of  potash,  soda, 
and  lime,  and  free  hydrochloric  acid.  In  this  case  we  may,  I  think, 
conclude  that  the  pressure  was  not  very  great,  so  that  0= V,  and  the 
relative  size  of  the  vacuities  would  indicate  the  temperature  at 
which  the  crystals  were  deposited  from  the  aqueous  solution.  The 

mean  of  many  good  observations  is  #=*143,  which,  when  substituted 
in  equation  (8),  gives  t=  about  220°  C.  (428°  F.).  At  this  tempe- 

rature the  elastic  force  of  the  vapour  of  water  is,  from  (7),  equal  to 
292  feet  of  rock. 

The  quartz  of  the  veins  in  Cornwall  has  precisely  the  same 
structure  as  the  above  in  every  respect ;  the  fluid-cavities  contain 
the  same  salts  in  solution ;  and  at  a  great  distance  from  the 
granite,  making  no  allowance  for  pressure,  the  relative  size  of  the 
vacuities  indicates  the  same  temperature,  but  if  the  pressure  was 
great,  a  still  higher.  On  approaching  the  granite,  the  temperature 
and  pressure  appear  to  have  been  much  greater ;  for  the  relative  size 
of  the  vacuities  in  the  fluid-cavities  in  the  quartz  of  the  veins  is  nearly 
the  same  as  in  those  in  that  of  the  granite  itself.  Thus,  the  mean 

of  the  means  for  the  quartz  of  the  granite  at  St.  Michael's  Mount 
and  Mousehole  is  v=*148,  and  for  the  quartz  of  the  associated 
quartz-veins,  also  containing  mica,  tin-ore,  wolfram,  and  other  mine- 

rals, v='133.  In  cases  like  this,  1  think  we  may  consider  the  pres- 
sure equal  for  both,  so  that  the  difference  of  the  temperature  may 

be  calculated  by  means  of  equation  (9).  If  the  pressure  was  no 
greater  than  the  elastic  force  of  the  vapour,  these  facts  indicate  that 
the  quartz  of  the  veins  crystallized  at  a  temperature  not  more  than 
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]  G°  C.  lower  than  that  at  which  the  quartz  of  the  granite  itself  cry- 
stallized; hut,  as  I  shall  show  helow,  it  is  far  more  probable  that  the 

pressure  was  very  great,  and  the  temperature  a  dull  red  heat  visible 
in  the  dark,  and,  if  so,  substituting  in  (9)  the  value,  ̂ =43,100, 
deduced  from  equation  (10),  given  further  on,  I  calculate  by  equa- 

tion (9)  that  the  difference  in  the  temperature  must  have  been  about 

13°.  These  results  clearly  show  that  a  great  variation  in  the  actual 
temperature  and  pressure  produces  only  a  small  variation  in  the  cal- 

culated difference  in  temperature.  Perhaps  some  may  think  such  cal- 
culations an  impossible  refinement ;  but  the  facts  appear  sufficiently 

distinct  to  warrant  them.  In  a  similar  manner  I  find  that  the  quartz 
first  deposited  in  a  vein  in  granite  at  Camborne  indicates  a  tempe- 

rature quite  equal  to  that  at  which  the  granite  crystallized  ;  but  in  the 
quartz  deposited  towards  the  close  of  the  process  the  relative  size  of 
the  vacuities  is  so  much  less  that  the  temperature  must  have  fallen 

fully  30°  or  40°  C,  which  is  quite  probable. 
The  number  of  the  fluid-cavities  in  the  quartz  of  veins  is  often 

very  great,  as  if  it  had  been  deposited  rapidly.  They  are  frequently 
on  an  average  less  than  y-^^th  of  an  inch  apart,  which  corresponds 
to  upwards  of  a  thousand  millions  in  a  cubic  inch ;  and  they  are  the 
chief  cause  of  the  very  usual  whiteness  of  the  mineral.  As  an  illus- 

tration of  their  forms,  I  refer  to  figs.  49,  50,  and  51.  Fig.  49  is  of 
very  irregular  shape,  whilst  fig.  50  is  a  tube  extremely  well  fitted  for 
determining  the  relative  size  of  the  vacuity  with  great  accuracy. 
Clear  and  transparent  crystals  contain  few  or  none,  as  if  deposited  far 
more  slowly ;  and  very  often  crystals,  which  at  their  base  are  white 
and  opaque  on  account  of  the  number  of  cavities,  are  clear  and  trans- 

parent at  their  extremities  from  containing  very  few,  as  though,  like 
what  so  very  commonly  happens  in  making  artificial  crystals,  depo- 

sition proceeded  rapidly  at  first,  but  much  more  slowly  towards  the 
close  of  the  process.  The  form  and  arrangement  of  the  fluid-cavities 
are  also  in  every  respect  analogous  to  those  in  crystals  prepared  arti- 

ficially ;  and  every  peculiarity  in  the  structure  of  the  quartz  of 
veins,  and  their  relation  to  the  granite,  can  be  most  completely  ex- 

plained by  supposing  that  it  was  deposited  from  water  holding  vari- 
ous salts  and  acids  in  solution,  at  a  temperature  varying  from  about 

200°  C.  to  a  dull  red  heat  visible  in  the  dark.  In  those  cases  where 
we  must  suppose  a  very  high  temperature  and  a  great  pressure  in 
order  to  explain  the  relation  between  the  fluid-cavities  in  the  quartz 
of  the  veins  and  in  that  of  the  granite  itself,  such  other  minerals  as 

mica,  felspar,  and  tin-ore  were  often  deposited,  especially  towards  the 
commencement  of  the  process,  as  if  water  at  a  very  high  temperature 

were  the  effective  cause  of  their  production.  Tin-ore  contains  many 
excellent  fluid- cavities,  though  they  are  usually  very  small  *. 

Of  course  these  conclusions  do  not  apply  to  all  quartz,  for,  as  I 
have  shown,  some  must  have  been  deposited  from  nearly  pure  water ; 

*  These  deductions  are  strongly  confirmed  by  the  fact,  that  several  of  the  above- 
named  minerals  have  been  formed  artificially  by  the  action  of  water  at  tempera- 

tures similar  to  those  just  described. — Senarmont,  Ann.  de  Chimie,  3e  ser.  t.  xxxii. 
p.  129  j  Daubree,  Ann.  des  Mines,  5e  ser.  t.  xii.  p.  289.— Oct.  1858. 
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and  that  associated  with  chalcedony  in  veins  or  in  cavities  contains 
very  few  fluid-cavities  with  relatively  small  vacuities,  indicating  a  slow 
deposition  from  water  at  a  much  lower  temperature. 

§  4.  Metamorphic  Rocks. 

In  some  portions  of  the  granite  containing  large  crystals  of  felspar 
at  Trevalgan,  near  St.  Ives,  Cornwall,  the  felspar  has  been  more  or 
less  completely  removed,  and  its  place  filled  with  quartz,  mica,   or 
schorl,  either  alone  or  variously  mixed.     These  most  interesting  and 
important  pseudomorphs  appear  to  have  been  almost  entirely  over- 

looked ;  though  I  have  found  them  in  so  many  other  localities  in  Corn- 
wall that  they  cannot  be  very  rare.     The  removal  of  the  felspar  from 

the  centre  of  the  surrounding,  fine-grained  granite,  and  the  introduc- 
tion of  the  quartz,  mica,  and  schorl,  cannot  I  think  be  explained 

except  by  the  action  of  water.     In  this  quartz  are  many  very  interest- 
ing fluid-cavities,  and  in  some  parts  nearly  all  contain  small  cubic 

crystals,  as  shown  by  fig.  53.     In  other  cases,  besides  such  cubes, 
there  occur  prismatic  crystals,  like  in  fig.  55,  or  more  rarely  rhombic, 
as  fig.  54.    Occasionally  the  angles  of  the  cubic  crystals  are  corroded 
and  rounded,  as  shown  by  fig.  55  ;  and  some  cavities,  as  fig.  56,  are 
so  full  of  crystals  that  their  form  cannot  be  determined.    The  quartz 
also  contains  gas-  or  vapour-cavities,  and  every  connecting  link  be- 

tween them  and  the  other  cavities.      In  all  respects  therefore  the 
structure  of  this  quartz  is  analogous  to  those  crystals  that  are  formed 
artificially  above  the  surface  of  a  hot  liquid,  and  exposed  alternately 
to  water  and  air.     When  reduced  to  powder,  water  dissolves  out  much 
chloride  of  sodium,  and  a  good  deal  of  sulphate  of  lime,  and  hence 
the  cubic  crystals  in  the  fluid-cavities  are  no  doubt  chloride  of  sodium, 
and  perhaps  some  of  the  prisms  may  be  selenite.    Even  if  the  effects 
of  pressure  are  supposed  to  have  been  not  material,  the  relative  size 

of  the  vacuities  indicates  a  heat  of  220°  C. ;  but,  since  the  relative 
size  of  those  in  the  fluid-cavities  in  the  granite  is  nearly  the  same,  in 
accordance  with  the  principles  described  below,  the  pressure  was  pro- 

bably very  great,  and  the  temperature  nearly  or  quite  equal  to  a  dull 
red  heat,  visible  in  the  dark. 

It  therefore  appears,  that  to  the  action  of  water  at  a  very  high 
temperature,  holding  various  salts  in  solution,  must  be  ascribed  the 
removal  of  the  felspar,  and  the  production  of  the  mica,  quartz,  and 
schorl.  In  a  paper  read  at  the  British  Association  (Report,  1857, 
p.  92),  I  showed  that  the  material  of  the  quartz  and  mica  might  be 
derived  from  felspar,  decomposed  by  the  removal  of  part  of  the  alka- 

line bases  ;  and  we  thus  have  a  key  to  those  cases  of  metamorphosis 
where  deposits  of  decomposed  felspar-clays  have  been  converted  into 
crystallized  mica  and  quartz,  so  as  to  constitute  mica-schist.  In  the 
bands  of  quartz  in  mica-schist  and  gneiss,  which  are  as  it  were  irre- 

gular concretions  passing  along  the  foliation,  and  in  the  carbonate  of 
lime  and  iron  sometimes  associated  with  the  quartz,  occur  vast  num- 

bers of  fluid -cavities  containing  water.  The  quartz  mixed  up  with 
the  mica,  forming  the  chief  constituent  of  the  schist,  also  abounds 
with  fluid- cavities ;  and  I   have  even  found  them  in  some  of  the 

VOL.  XIV. — PART  I.  2  I 
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garnets.  These  facts  led  me  to  argue,  in  my  paper  on  mica- schist 
already  referred  to  (Report  of  British  Association,  1856,  p.  78),  that 
the  alteration  of  deposits  of  decomposed  felspar  into  crystallized  mica 
and  quartz  was  not  the  effect  of  dry  heat  and  a  partial  fusion,  but  was 
due  to  highly  heated  water  disseminated  through  the  rock.  If  so,  it 
is  no  wonder  that  ordinary  shales  have  never  been  converted  into 
mica-schist  artificially,  by  the  mere  heat  of  furnaces,  since  the  condi- 

tions are  not  those  met  with  in  nature — water  is  absent. 
The  mean  relative  size  of  the  vacuities  in  the  fluid-cavities  in  the 

quartz  of  the  slightly  metamorphosed  schists  in  Cornwall,  at  a  con- 

siderable distance  from  the  granite,  is  '125,  which  corresponds  to  a 
heat  of  at  least  200°  C.  (392°  F.)  ;  and  therefore  a  considerable 
thickness  of  rock  must  have  been  raised  to  a  high  temperature.  If 
the  pressure  was  great,  the  temperature  must  have  been  still  higher  ; 
and  on  approaching  the  granite,  the  relative  size  of  the  vacuities 
indicates  nearly  as  high  a,  temperature  as  that  at  which  the  granite 
itself  was  consolidated,  which  agrees  with  the  gradual  passage  from 
gneiss  to  granite,  and  might  be  used  as  a  strong  argument  by  those 
who  contend  that  some  granites  are  only  thoroughly  metamor- 

phosed stratified  rocks.  The  vacuities  in  the  fluid-cavities  in  the 
mica-schist  of  the  southern  border  of  the  Highlands  of  Scotland  are 

relatively  so  small  (v='05)  that,  if  they  were  formed  under  no  great 
pressure,  they  indicate  a  temperature  of  only  105°  C.  (221°  F.).  It, 
however,  appears  to  me  far  more  probable  that  the  heat  was  really  as 
high  as  in  the  case  of  analogous  rocks  in  Cornwall,  but  the  pressure 
greater.  If  so,  from  equation  (6)  we  deduce  that  the  Highland 
rocks  were  metamorphosed  under  a  pressure  equal  to  about  23,700 
feet  of  rock  more  than  those  in  Cornwall,  or  probably  when  at  a 
much  greater  depth  from  the  surface ;  a  result  which  is  confirmed 
in  a  most  remarkable  manner  by  a  comparison  of  the  fluid-cavities  in 
the  elvans  and  granites.  These  conclusions  only  apply  to  when  the 
quartz  crystallized :  it  does  not  follow  that  the  rock  was  never  heated 
to  a  still  higher  temperature. 

§  5.  Minerals  and  rocks  formed  by  cooling  from  a  state  of 
igneous  fusion. 

The  most  instructive  glass-cavities  that  I  have  met  with  in  natural 
minerals  are  those  in  the  crystals  of  clear,  transparent  felspar  con- 

tained in  some  of  the  pitchstone  of  Arran.  Pitchstone,  like  obsidian 
and  some  artificial  slags,  consists  of  a  glassy  base,  having  no  action 

on  polarized  light,  in  which  are  scattered  small  crystals  that  decom- 
pose it  and  show  colours.  The  basis  of  the  pitchstone  surrounding 

the  crystals  of  felspar  is  transparent,  and  nearly  colourless,  but 
contains  vast  numbers  of  minute,  green,  prismatic  crystals,  probably 
some  variety  of  pyroxene,  often  arranged  in  radiate  groups,  which 
impart  a  deep  green  colour  to  the  rock.  These  may  be  seen  to 
great  advantage  in  thin  splinters,  but  the  glass-cavities  in  the  felspar 
can  be  studied  to  far  greater  advantage  in  thin  sections  of  the  rock. 
The  surfaces  of  the  crystals  of  felspar  are  in  some  cases  irregular, 
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and  portions  of  the  surrounding  pitchstone  project  right  into  them. 
Such  projecting  portions  of  the  glassy  basis  have  often  become  en- 

closed in  the  solid  crystal,  in  precisely  the  same  manner  as  the  fluid- 
cavities  in  crystals  formed  from  solution  in  water,  as  shown  by  fig.  2. 
Fig.  57  is  a  very  good  example  of  one  of  the  larger  of  these  glass- 
cavities.  The  centre  is  full  of  glass,  precisely  like  the  general  basis 
of  the  pitchstone,  except  that  the  groups  of  green  crystals  are  not  so 
large  and  well  developed,  whilst  somewhat  larger  prisms  than  those 
in  the  centre  are  attached  to  the  sides,  as  if  deposited  during  the 
cooling  of  the  glassy  solvent.  The  accompanying  bubble  is  no  doubt 
the  effect  of  the  contraction  of  the  glass  before  it  became  solid. 
Fig.  58  is  an  example  of  a  smaller  cavity,  having  all  the  green  crystals 
attached  to  the  sides,  It  also  contains  several  bubbles,  which  is  a 

fact  very  characteristic  of  glass-cavities,  since  it  never  occurs  in  fluid- 
cavities,  except  under  very  peculiar  circumstances,  seldom  met  with. 
A  common  kind  of  cavity  is  shown  by  fig.  62  ;  but  the  very  smallest 
of  all  contain  no  green  crystals,  like  fig.  60,  corresponding  therefore 
to  those  very  small  fluid-cavities  in  which  crystals  have  not  been 
deposited  from  a  supersaturated  solution.  Fig.  61  is  a  case  where 
the  bubble  has  been  much  distorted,  and  crystals  project  from  the 
sides  quite  into  it,  proving  that  the  crystals  were  deposited  before 
the  glass  became  solid.  Besides  these  glass  cavities,  the  felspar  has 

caught  up  small,  colourless,  contemporaneously-formed,  prismatic 
crystals,  to  which  in  some  cases  glass-cavities  are  attached.  A  very 
excellent  example  of  these  is  shown  by  fig.  59  ;  and  it  is  a  striking 
fact,  that  very  nearly  all  the  green,  prismatic  crystals  have  been 
deposited  on  the  included  large  crystal.  The  felspar  also  contains 
bands  of  vapour- cavities,  and  it  is  near  to  them  that  cavities  with 
several  bubbles  occur ;  but,  at  a  distance  from  them,  the  glass- 
cavities  almost  always,  if  not  invariably,  contain  a  bubble  from  ̂ th 

to  -g-th  the  diameter  of  the  cavity.  In  some  cases,  however,  there 
are  cavities  like  fig.  63,  which  do  not  contain  the  prismatic  crystals 
or  a  bubble,  being  more  like  stone-cavities. 

In  the  pitchstone  are  also  some  dark  crystals,  not  visible  except  in 
sections,  which  look  extremely  like  augite.  The  glass- cavities  in 
these  do  not  contain  the  green  crystals ;  and  if  the  two  minerals  are 
the  same  substance,  this  fact  agrees  with  what  takes  place  in  crystals 
formed  from  solution  in  water,  the  material  being  merely  deposited 
on  the  sides,  and  not  as  independent  crystals.  They,  however,  con- 

tain bubbles,  relatively  of  a  smaller  size  than  those  in  the  felspar ; 
whilst  the  glass-cavities  in  another  mineral,  the  exact  nature  of  which 
I  have  not  been  able  to  determine,  contain  many  green  crystals,  but 
no  bubble,  as  shown  by  fig.  64,  probably  owing  to  these  minerals 
contracting  more  than  felspar  in  cooling  from  a  high  temperature. 

The  analogy  between  these  glass-cavities  and  fluid-cavities  is  there- 
fore in  many  respects  very  striking ;  and,  as  will  be  seen,  their 

peculiar  characters  can  be  most  perfectly  explained,  if  we  suppose 
that  the  glassy  base,  when  in  a  state  of  fusion,  acted  like  a  solvent 
liquid  and  dissolved  various  mineral  substances,  which  were  deposited 
on  cooling  in  precisely  the  same  manner  as  crvstals  are  deposited  on 

2i2 
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the  cooling  of  a  saturated,  aqueous  solution.  There  is  therefore,  in 
my  opinion,  no  more  necessary  connexion  between  the  temperature 
at  which  the  crystals  were  deposited  from  this  glassy  solvent  and 
their  own  fusing-point,  when  heated  alone,  than  between  the  tem- 

perature at  which  crystals  are  deposited  from  solution  in  water  and 
their  own  fusing-point,  even  if  they  be  fusible.  In  both  cases,  the 
only  necessary  connexion  is,  that  the  crystals  could  not  be  deposited 
in  a  solid  form,  except  at  a  lower  temperature  than  that  at  which 
they  become  liquid ;  but  it  might  be  any  heat  less  than  that  high 
enough  to  cause  the  glossy  solvent  to  be  sufficiently  fluid.  These 
facts  are  of  very  great  importance  in  the  study  of  igneous  rocks, 
and  serve  to  explain  several  peculiarities  in  their  structure.  Such 
glass-cavities,  however,  differ  essentially  from  fluid-cavities,  in  con- 

taining bubbles  that  never  move,  and  do  not  change  their  place  or 
disappear  when  the  fragment  containing  them  is  heated,  unless  the 
heat  is  strong  enough  to  melt  the  enclosed  glass,  which  is  more 
fusible  than  the  felspar. 

The  best  examples  of  glass-cavities  that  I  have  met  with  in  the 
erupted  lavas  of  Vesuvius  occur  in  the  augite.  One  very  excellent 
case  is  shown  by  fig.  65.  They  contain,  at  least,  two  kinds  of 
crystals,  which  sometimes  project  beyond  the  general  outline  of  the 
cavities,  as  shown  in  the  figure,  as  if  they  were  formed  at  the  same 
time  as  the  augite,  and  were  caught  up  in  it  along  with  the  fused 
material  of  the  glass-cavity,  which  on  cooling  deposited  other  crystals, 
and  by  contracting  gave  rise  to  a  small  bubble.  In  some  cases  long 
prismatic  crystals  have  been  caught  up  in  the  augite,  as  shown  by 
fig.  66,  having  two  glass-cavities  attached  to  them,  one  with  a  bubble 
and  the  other  without,  which  is  not  unfrequently  the  case  in  detached 
cavities,  as  if,  like  in  some  fluid-cavities,  the  cohesion  of  the  sides 
had  overcome  the  contraction  of  the  melted  glass. 

The  leucite  in- the  lava  of  Vesuvius  often  contains  many  cavities, 
the  material  in  which  has  to  a  great  extent  become  crystalline,  and 
therefore  they  are  very  commonly  stone-cavities.  An  example  of 
one,  partially  stone  and  partially  glass,  is  shown  by  fig.  68,  which  is 
somewhat  analogous  to  those  in  the  felspar  of  the  pitchstone,  repre- 

sented by  fig.  63.  Another  form  is  shown  by  fig.  70,  and  a  very 
curious,  almost  circular,  flat  cavity  is  seen  in  fig.  69,  containing  three 
different  kinds  of  crystals  ;  whilst  fig.  67  represents  a  crystal  enclosed 
in  the  solid  leucite,  with  a  small  stone-cavity  attached  to  it.  In  no 
case  have  I  seen  decided  bubbles  in  the  cavities  in  leucite ;  but  their 
absence  from  cavities  containing  many  crystals  is  easily  explained, 
because  many  substances  expand  in  crystallizing  to  such  an  extent 
as  would  compensate  for  the  previous  contraction  from  a  high  tem- 

perature. In  the  felspar  of  the  trachyte  of  Ponza  the  cavities  are 
all  filled  with  stony  matter,  as  shown  by  fig.  71-  A  very  long 
tubular  cavity  is  represented  by  fig.  72. 

The  general  arrangement  of  these  various  glass-  and  stone- cavities 
is  precisely  analogous  to  that  of  those  in  crystals  formed  artificially  ; 
and,  independent  of  the  fact  that,  in  all  their  essential  characters, 
they  are  identical  with  the  cavities  in  the  crystals  in  artificial  furnace 
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slags,  their  very  nature  proves  the  igneous  origin  of  the  minerals 
containing  them.  This  is  especially  the  case  with  glass-cavities  ;  for 
nothing  but  igneous  fusion  could  so  liquefy  the  enclosed  glass  that 
perfectly  spherical  bubbles  could  be  produced. 

Besides  stone-  and  glass-cavities,  the  minerals  of  erupted  lavas  con- 
tain gas-  or  vapour-cavities,  as  if  they  had  caught  up  small  quantities 

of  gases  and  vapours  that  were  in  contact  with  them ;  but  I  have 
never  found  any  fluid-cavities,  and  hence  the  purely  igneous  origin 
of  the  characteristic  minerals  of  erupted  lavas  appears  to  be  com- 

pletely proved.  The  zeolites,  however,  occurring  in  the  cavities  of 
lava  that  has  been  exposed  to  the  action  of  water  since  it  was  erupted, 

contain  no  glass-  or  stone-cavities,  but  a  few  fluid- cavities,  as  if  de- 
posited very  slowly  from  solution  in  water.  The  best  examples  I 

have  met  with  are  in  the  Arragonite  in  the  lava  of  Vesuvius,  which 

have  the  vacuities  equal  to  about  y^-th  of  the  fluid,  corresponding  to 

a  temperature  of  160°  C.  (320°  F.). 
Precisely  the  same  conclusions  apply  to  far  more  ancient  trappean 

rocks.  The  augite  in  some  of  the  basaltic  rocks  of  Scotland  has  the 
same  characteristic  structure  as  that  in  the  modern  lavas  of  Vesuvius. 

A  very  good  example  of  a  glass-cavity  is  shown  by  fig.  73,  containing 
a  bubble  and  many  small  crystals  deposited  on  the  sides  of  the 
cavity.  In  the  case  shown  by  fig.  74,  many  most  distinct  crystals 
have  been  formed  on  the  sides,  but  it  contains  no  bubble,  whilst 
sometimes,  as  fig.  7o,  there  is  a  bubble  but  no  crystals.  In  the  felspar 

of  a  porphyritic  greenstone  from  Arthur's  Seat  near  Edinburgh^ 
there  occur  many  stone-cavities ;  but,  like  the  felspar  itself,  they 
have  undergone  a  great  amount  of  alteration  by  the  subsequent 
action  of  water.  Fig.  76  is  much  like  some  of  the  cavities  in  leucite, 
whilst  that  shown  by  fig.  77  evidently  contained  a  bubble  like  a  glass- 
cavity,  but  it  has  been  filled  with  the  chloritic  mineral  that  has  been 
introduced  by  water  into  nearly  all  parts  of  the  rock.  In  fact  the 
microscope  clearly  shows  that  the  amount  of  alteration  effected  by 
the  action  of  water  on  these  ancient  volcanic  rocks  is  very  much 
more  than  is  generally  supposed ;  and  rocks,  which  to  the  naked 
eye  appear  to  contain  only  two  or  three  minerals,  are  seen  to  be 
made  up  of  ten  or  twelve.  Some  of  these  are  the  igneous  minerals 
containing  glass-  or  stone-cavities,  and  others  are  zeolitic  minerals 
containing  fluid- cavities,  which  indicate  that  they  have  been  deposited 
from  more  or  less  heated  water.  The  characteristic  structure  of  the 

minerals  of  which  ancient  trappean  rocks  are  composed  is,  therefore, 
so  analogous  to,  or  even  identical  with,  that  of  the  constituents  of 
modern  lavas,  that  the  purely  igneous  origin  of  these  ancient  lavas 
appears  to  me  to  be  completely  established ;  but,  at  the  same  time, 
their  present  aspect  is  often  to  a  very  great  extent  due  to  the  sub- 

sequent action  of  water.  In  fact  they  have  frequently  been  as  much 
metamorphosed  by  water  as  some  stratified  rocks  have  been  by  heat. 
The  production  of  zeolites,  by  the  action  of  the  thermal  springs  at 
Plombieres  on  the  ancient  masonry,  strongly  confirms  these  deduc- 

tions. (Daubree,  Annales  des  Mines,  5e  serie,  t.  xii.  p.  289,  and 
xiii.  p.  227.) 
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§  6.  Minerals  and  Rocks  formed  by  the  combined  operation  of 
water  and  igneous  fusion. 

a.  Minerals  in  the  blocks  ejected  from  Vesuvius. 

As  is  well  known,  in  the  blocks  ejected  from  Vesuvius  during 
eruption,  a  large  series  of  minerals  occurs,  which  do  not  exist  in  the 
erupted  lava.  Many  of  these  are  found  in  the  limestone  blocks  in 
the  Conglomerate  of  Somma,  and,  as  pointed  out  by  Delesse  (Bulletin 
de  la  Societe  Geologique  de  France,  1852,  t.  ix.  p.  136),  in  their 
number  and  character  they  differ  so  much  from  erupted  lava,  that  it 
is  little  probable  that  the  rock  was  ever  in  a  state  of  simple  igneous 
fusion.  This  conclusion  is  completely  borne  out  by  the  microscopical 
structure  of  the  minerals,  for  they  contain  many  fluid-cavities,  as 
well  as  glass-  and  stone-cavities,  indicating  that  they  were  formed  by 
the  combined  action  of  water  and  igneous  fusion. 

In  the  calcite  associated  with  light  green  mica,  I  have  found  many 

very  excellent  fluid-cavities,  as  shown  by  fig.  78.  When  heated  they 
give  off  water,  and  on  reducing  the  spar  to  powder,  water  extracts 
the  chlorides  of  potassium,  sodium,  and  magnesium,  and  the  sulphates 
of  potash,  soda,  and  lime.  Hence  I  think  there  can  be  no  doubt 
that  the  cubic  crystals  seen  in  the  cavities  are  chloride  of  potassium 
or  sodium,  and  the  fluid  a  concentrated  aqueous  solution  of  those 
salts.  I  have  not  been  able  to  ascertain  the  relative  size  of  the 

vacuities  with  great  accuracy,  but  it  is  nearly  ̂ th  of  the  volume  of 
the  fluid.  Similar  cavities  occur  in  the  nepheline  of  ejected  blocks, 

and  they  all  contain  one  or  more  cubic  crystals  of  chloride  of  potas- 
sium or  sodium,  as  shown  by  figs.  79,  80,  and  83,  no  doubt  deposited 

from  the  fluid  on  cooling,  like  those  seen  in  the  cavities  formed 
artificially  (figs.  18  and  19).  Occasionally  there  are  crystals  of  some 
other  substance,  as  in  fig.  79.  I  have  very  carefully  determined  the 
relative  size  of  the  vacuities,  and  find  that  it  is  about  *28  of  the  fluid ; 
and  it  is  so  uniform  as  to  forbid  us  from  supposing  that  the  vacuities 
are  owing  to  a  loss  of  fluid.  In  calculating  the  temperature  in  this 
and  the  other  cases  given  below,  I  shall  assume  that  the  pressure 
was  not  much  greater  than  sufficient  to  counteract  the  elastic  force 
of  the  vapour,  so  that  we  may  consider  v=Y,  and  make  use  of 
equation  (8).  Judging  from  the  change  in  the  amount  of  expansion 
produced  by  an  increase  in  the  amount  of  salt  in  the  experiments 
already  described,  the  temperature  indicated  by  relatively  large 
vacuities  would  be  nearly  the  same  when  there  was  more  salt  than 
can  be  retained  in  solution  at  the  ordinary  temperature,  as  when  there 
was  only  25  per  cent. ;  the  small  difference  being  singularly  enough 
almost  exactly  compensated  for  by  the  increase  in  the  bulk  of  the 
salt  on  crystallizing.  This  is  a  fortunate  circumstance  in  this  in- 

quiry ;  since,  when,  as  in  the  case  of  the  fluid- cavities  in  many 
modern  volcanic  minerals,  the  vacuities  and  included  crystals  are 
relatively  large,  it  is  unnecessary  to  take  anything  into  account  but 
the  relative  size  of  the  vacuities,  and  substitute  their  values  in 

equation  (8).     In  this  manner  I  deduce  that  this  nepheline  and 
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calcite  must  have  been  formed  at  a  temperature  of  about  340°  C. 
(644°  F.).  Of  course,  if  the  pressure  was  greater  than  supposed,  the 
temperature  must  have  been  still  higher.  Since  then  (Gmelin's 
Handbook  of  Chemistry,  Cavendish  Society's  Translation,  vol.  i. 
p.  167)  solid  bodies  begin  to  be  dull  red  in  the  dark  at  335°  C,  and 
bright  red  at  400°,  this  temperature  would  be  that  of  a  very  dull 
red  heat  only  just  visible  in  the  dark,  at  which,  from  equation  (7), 
the  elastic  force  of  the  vapour  would  be  equal  to  a  pressure  of  1954 
feet  of  rock. 

On  heating  the  fragment  containing  the  cavity  shown  by  fig.  80 
to  a  very  dull  red  heat  visible  in  the  dark,  it  became  as  fig.  81.  The 
small  crystals  had  disappeared,  and  the  vacuity  and  crystal  had 
changed  their  places ;  thus  proving  that  the  cavity  contained  a 
liquid,  and  that  the  crystals  were  soluble  in  it.  On  heating  to  a 
very  decided  red  heat,  the  cavity  became  as  fig.  82 ;  the  fluid  had 
disappeared,  and  the  nepheline  had  partially  fused  and  collapsed 
over  the  altered  crystal.  When  another  fragment  containing  the 
cavity,  fig.  83,  was  heated  to  a  dull  red  heat,  the  cavity  lost  its  fluid, 
and  the  crystal  melted  into  a  globule,  as  shown  in  iig.  84.  All  these 
results  agree  perfectly  with  the  supposition,  that  the  fluid  is  an 
aqueous  solution,  and  the  crystals  chloride  of  potassium  or  sodium ; 
and  it  will  be  seen  that  the  expansion  of  the  liquid  is  not  sufficient 
to  burst  the  cavities  until  the  heat  is  that  of  redness,  which  agrees 
perfectly  well  with  calculation,  if  we  consider  that  the  enclosed 
crystal  was  not  all  dissolved  on  account  of  being  exposed  to  a  high 
temperature  for  only  a  short  time.  All,  or  nearly  all,  the  fluid- 
cavities  contain  the  crystals,  which  are  on  an  average  equal  to  about 

-|rd  of  the  bulk  of  the  liquid,  or  about  four  times  as  much  as  is  de- 
posited from  a  solution  of  chloride  of  potassium  saturated  at  the 

heat  of  boiling  water,  and  many  times  more  than  from  a  solution  of 
chloride  of  sodium.  This  entirely  confirms  the  conclusion  derived 
from  the  size  of  the  vacuity,  since,  to  dissolve  so  large  an  additional 
quantity,  a  very  high  temperature  would  certainly  be  requisite.  Some 
cavities,  as  shown  by  fig.  85,  are  as  though  many  minute  crystals 
had  been  deposited  over  their  whole  surface,  except  where  prevented 
by  the  attached  cube. 

Most  excellent  gas-cavities  also  occur  in  the  same  nepheline,  as 
shown  by  figs.  86  and  87,  being  like  bubbles  of  gas  enclosed  during 
the  growth  of  the  crystal,  in  the  same  manner  as  in  some  of  the 
artificial  crystals  already  described.  Others,  like  fig.  88,  are  as  if 
some  highly  compressed,  heated  vapour  had  been  enclosed,  and  on 
cooling  had  condensed  into  small  crystals.  Such  cavities  can  be 
distinguished  from  stone-cavities  by  the  fact  of  being  partially  trans- 

parent in  the  centre.  The  same  fragment  of  nepheline  also  contains 
excellent  glass-cavities,  figs.  89  and  90,  in  all  respects  analogous  to 
those  in  crystals  formed  when  melted  stony  matter  is  present.  As 
will  be  seen,  the  outline  is  very  obscure,  and  quite  different  from 
that  of  the  fluid- cavities,  and  is  rendered  apparent  chiefly  by  the 
small  crystals.  The  difference  is  also  strongly  marked  by  the  pre- 

sence of  several  bubbles,  as  shown  by  fig.  90.     This  glass-cavity  was 
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in  the  same  fragment  as  the  fluid-cavity,  fig.  80,  and  when  heated  to 
a  very  dull  red  heat,  it  remained  nearly  as  drawn.  When,  however, 
heated  a  little  higher,  the  minute  crystals  disappeared,  and  the  bub- 
hies  changed  their  places  ;  whilst  at  the  same  temperature  the  fluid  - 
cavity  still  retained  its  fluid.  At  the  temperature  at  which  the  fluid 
was  expelled,  it  became  as  fig.  91,  where  all  the  crystals  had  disap- 

peared, and  the  bubbles  not  only  had  changed  their  places,  but  two 
had  coalesced.  It  is  therefore  clearly  proved  by  experiment  (April 
1858)  that,  at  a  heat  not  sufficient  to  expand  the  fluid  in  the  cavities 

so  much  as  to  burst  them,  the  substance  in  the  glass-cavities  is 
melted,  so  as  to  dissolve  the  small  crystals  it  had  previously  deposited 
on  cooling  more  slowly,  and  permit  a  change  in  the  position  of  the 
bubbles,  all  which  results  agree  most  perfectly  with  the  supposition 
that  the  crystals  were  formed  at  a  red  heat  visible  in  the  dark,  when 
melted  stony  matter,  gases,  vapours,  and  liquid  water  saturated  with 
soluble  alkaline  salts,  were  all  present  and  alternately  in  contact  with 
the  growing  crystals,  so  that  the  conditions  of  fusion,  sublimation, 
and  solution  were  all  united. 

In  the  idocrase  forming  along  with  calcite  the  general  mass  of  a 
block  ejected  from  Vesuvius,  many  fluid-cavities  occur,  which  often 
contain  so  many  crystals  that  it  is  difficult  to  determine  their  form.  A 

very  good  exampleis  givenin  fig.  92,  with  crystals  like  those  in  the  fluid- 
cavities  in  nepheline.  Fig.  93  shows  clearly  that  the  relative  size  of 

the  vacuities  is  very  great.  On  an  average,  they  are  equal  to  one- 

third  of  the  fluid,  and  therefore  indicate  a  temperature  of  380°  C. 
(71 6° F.),  or  a  decided  red  heat;  at  which  temperature  the  elastic 
force  of  the  vapour  of  water  is,  from  equation  (7),  equal  to  the 
pressure  of  3222  feet  of  rock.  Similar  cavities  occur  in  hornblende, 

indicating  a  heat  of  360°  C.  There  are  also  very  good  fluid-cavities 
in  the  crystals  of  felspar  found  in  the  ejected  masses  of  ice-spar. 
These  contain  many  crystals  of  two  or  three  kinds  (as  shown  by  fig. 
94).  On  reducing  the  felspar  to  powder,  I  found  the  usual  chlorides 
and  sulphates,  but  besides  these  a  very  considerable  quantity  of 
the  carbonates  of  potash  and  soda,  and,  therefore,  probably  the 
presence  of  these  carbonates  is  the  reason  why  the  crystals  in  the 
cavities  differ  so  much  from  those  previously  described,  though  in 
other  specimens  they  are  quite  similar,  all  being  cubes.  As  shown 
by  fig.  95,  the  vacuities  are  very  large,  and  of  about  the  same  relative 

size  as  those  in  idocrase,  indicating  a  temperature  of  380°  C.  Other 
cavities,  like  fig.  96,  have  caught  up  vapour  or  gas  along  with  the 
fluid,  in  the  same  manner  as  sometimes  occurs  in  artificial  crystals  ; 
whilst  others  are  quite  full  of  the  gas  or  vapour,  which  in  some  cases 
has  been  condensed  into  crystals  on  cooling,  so  as  to  cover  the  sur- 

face, as  shown  by  fig.  97,  seen  out  of  focus  in  the  centre.  The  same 
crystal  also  contains  most  decided  and  excellent  glass-cavities,  like 
fig.  98,  and  others,  as  fig.  99,  that  have  become  to  a  great  extent 
crystalline,  and  contain  no  bubbles  ;  both  of  which  are  very  analogous 
to  cavities  in  the  felspar  of  the  pitchstone  of  Arran. 

We  are  thus  led  to  conclude  that  the  peculiar  minerals  character- 
istic of  the  blocks  ejected  from  Vesuvius  were  formed  at  a  dull  red 
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heat,  under  a  pressure  equal  to  several  thousand  feet  of  rock,  when 
water  containing  a  large  quantity  of  alkaline  salts  in  solution  was 
present,  along  with  melted  rock  and  various  gases  and  vapours. 
Whether  or  no  the  presence  of  this  water  was  instrumental,  or  even 
essentially  requisite,  in  producing  some  of  the  minerals,  still  remains 
to  be  proved ;  but  I  think  no  one  could  compare  the  drusy  cavities 
in  the  ejected  blocks  with  the  crystalline  cavities  in  the  slags  of  fur- 

naces, without  perceiving  that  the  occurrence  of  various  minerals, 
placed  one  over  the  other  in  regular  order,  is  a  most  striking  differ- 

ence, which  could  be  accounted  for  most  completely  by  the  action  of 
water.  It  would  also  probably  serve  to  explain  why,  according  to 
Daubeny  (Treatise  on  Volcanos,  2nd  edition,  p.  236),  the  minerals 
most  characteristic  of  the  ejected  blocks  are  never  found  in  the 
erupted  lavas,  the  crystalline  minerals  of  which  were  apparently 
formed  when  no  liquid  water  was  present.  I  therefore  think  we  must 
conclude  provisionally,  that  at  a  great  depth  from  the  surface,  at  the 
foci  of  volcanic  activity,  liquid  water  is  present  along  with  the  melted 
rock,  and  that  it  produces  results  that  would  not  otherwise  occur. 

It  may  perhaps  be  thought  that  the  spheroidal  condition  assumed 
by  water  in  contact  with  highly  heated  substances,  would  explain 
why  it  might  be  present  at  a  less  depth,  and  under  less  pressures, 
than  those  I  have  described  ;  but  it  appears  to  me  that  water  could 
not  remain  in  the  spheroidal  state,  unless  the  vapour  could  escape, 
and  that  the  temperature  it  remains  at  is  essentially  connected  with 
the  boiling-point  at  the  pressure  to  which  it  is  exposed,  and  there- 

fore the  permanent  presence  of  water  at  such  a  high  temperature 
necessitates  a  great  pressure,  even  if  it  was  in  the  spheroidal  state. 
But  I  think  no  one  who  has  made  experiments  on  the  subject,  would 
think  it  possible  for  water  in  that  state  to  enter  into  tubes  less  than 

j^i-ijth  of  an  inch  in  diameter.  This,  however,  has  constantly 
occurred  in  the  minerals  of  the  ejected  blocks,  and  hence  it  appears 
to  me  almost  demonstrated  that  it  was  not  in  the  spheroidal  state, 
separated  by  a  layer  of  vapour,  but  in  actual  contact  with  the  crystals 
at  a  high  temperature,  and  under  great  pressure. 

The  presence  of  genuine  gas-  and  vapour-cavities  side  by  side  with 
the  fluid-cavities,  and  the  existence  of  so  large  an  amount  of  salts  in 
solution  in  the  fluid,  prove  that  the  water  was  caught  up  in  a  liquid 
state,  and  not  as  vapour  so  highly  compressed  as  to  condense  into 

an  equal  bulk  of  water  (see  Cagniard  de  La  Tour's  paper,  Annales 
de  Chemie,  1822,  t.  xxi.  p.  127);  for  in  that  case,  since  in  the 

nepheline  there  is  no  gradual  passage  from  fluid-cavities  to  vapour- 
cavities,  we  should  have  to  conclude  that  the  two  gaseous  bodies 
were  not  mutually  diffusible,  and  that  a  very  large  amount  of  various 
alkaline  salts  was  present  as  vapour  along  with  the  vapour  of  water ; 
both  of  which  suppositions  are  I  think  quite  inadmissible. 

Perhaps  some  may  suppose  that  possibly  the  water  penetrated  into 
the  cavities  long  after  the  minerals  were  formed.  This,  however, 
would  necessitate  percolation  through  the  solid  substance  of  the 
crvstals,  a  fact  differing  as  much  from  percolation  through  a  rock, 
or  amongst  the  minute  crystals  of  which  such  substances  as  agate 
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are  composed,  or  even  through  the  pores  existing  in  imperfectly 
solidified  metals,  as  the  passage  of  water  through  solid  glass  would 

differ  from  its  passage  amongst  closely-packed  fragments  of  glass. 
Not  only  does  this  appear  to  me  most  improbable,  but  actually 
opposed  by  facts.  In  the  first  place,  the  proportion  between  the 
amount  of  fluid  and  the  size  of  the  cavities  in  the  nepheline  is  so 
uniform  that  I  cannot  believe  it  to  be  the  result  of  accident,  as  we 
should  have  to  suppose  if  they  were  not  all  filled  full  at  the  same 
temperature.  If,  to  overcome  this  difficulty,  it  be  supposed  that  the 
fluid  penetrated  into  the  cavities  when  in  a  highly  heated  state,  it 
would  require  it  to  have  been  at  the  same  temperature  as  that  at 
which  I  have  supposed  it  entered  in  the  same  legitimate  way  that  it 
enters  into  the  fluid-cavities  in  artificial  crystals.  But,  even  then, 
the  facts  are  against  the  supposition  ;  for,  besides  fluid-cavities,  there 
occur  gas-cavities  like  figs.  86  and  87 ;  and  though  there  is  no  abso- 

lute line  of  division  between  their  form  and  that  of  the  fluid-cavities, 
their  general  characteristic  shape  is  very  different,  because,  as  in 
artificial  crystals,  in  one  case  the  crystal  is  moulded  to  the  bubble  of 
gas,  whereas  in  the  other  the  irregular  growth  of  the  crystal  deter- 

mines the  form  of  the  cavity.  Moreover,  besides  these  gas-cavities, 
there  are  the  bubbles  in  the  glass-cavities,  which  never  contain  a 
fluid.  If  then  we  suppose  that  the  fluid  percolated  through  the 

solid  crystal  into  the  fluid-cavities,  we  are  led  to  conclude  that  it 
selected  these  cavities  like  artificial  fluid-cavities,  but  avoided  those 
resembling  artificial  gas-cavities,  and  the  vacuities  in  the  glass-cavities, 
a  conclusion  which  is  so  extremely  unreasonable  that  we  must  reject 
the  proposition  that  leads  to  it. 

b.  Granitic  Rocks. 

In  some  of  the  trachyte  of  Ponza  of  solid  character,  as  if  it  had 
been  formed  under  considerable  pressure,  there  occur  a  few  small 
crystals  of  quartz,  forming  one  of  the  genuine  constituents  of  the 
igneous  rock,  in  every  respect  like  those  in  many  elvans  and  some 
granites  that  contain  but  little  quartz.  They  can  scarcely  be  distin- 

guished in  the  rock  in  its  natural  state,  but  are  readily  seen  in  a  thin 
section.  When  I  examined  this  (April  1858),  I  found  that  the 

quartz  contains  very  excellent  fluid-cavities,  as  shown  by  figs.  100, 
101,  and  102.  There  is  no  doubt  that  they  contain  a  liquid,  for  the 
bubbles  move  about  in  it.  They  are  usually  very  flat,  like  fig.  101, 
and,  when  inclined  in  particular  positions,  the  transmitted  light  is 
totally  reflected  from  the  bubble,  which  therefore  appears  like  a 
black  opaque  substance,  as  shown  by  fig.  102.  By  careful  measure- 

ments, I  find  that  the  relative  size  of  the  vacuities  is  very  nearly 

•30.  Assuming  then,  that,  like  in  the  fluid-cavities  in  the  minerals  of 
ejected  blocks,  and  in  the  quartz  of  the  veins  in  the  self-same 
trachyte,  as  well  as  in  those  in  the  quartz  of  elvans  and  granite,  the 
enclosed  fluid  is  a  strong  aqueous  solution  of  alkaline  chlorides  and 
sulphates,  I  deduce,  from  equation  (8),  that  the  temperature  at 
which  the  crystals  of  quartz  in  the  trachyte  were  formed  was  at 
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least  356°  C,  which  closely  corresponds  with  the  mean  deduced 
from  the  fluid-cavities  in  the  blocks  ejected  from  Vesuvius.  At  this 
temperature  the  elactic  force  of  the  vapour  of  water  is  equal  to  about 
2400  feet  of  rock,  and  therefore  the  quartz  must  have  crystallized 
under  that  pressure,  at  least.  Considering  the  nature  of  the  rock, 
the  pressure  cannot,  I  think,  have  been  very  much  more  than  that, 
though  it  must  have  been  somewhat  more,  and  then  of  course  the 
calculated  temperature  would  be  higher ;  but  it  would  require  a 

pressure  equal  to  upwards  of  19,000  feet  of  rock  to  alter  it  to  400°O. 
If  it  was  equal  to  about  4000  feet,  the  calculated  temperature  would 

be  360°  C.  (680°  F.) .  This  is  a  very  dull  red  heat  visible  in  the  dark, 
and  the  elactic  force  of  the  vapour  of  water  would  be  equal  to  2500 
feet  of  rock.  It  does  not  necessarily  follow  that  the  rock  was  finally 
consolidated  under  such  a  pressure,  or  at  such  a  depth,  since  the 
strength  of  quartz  is  such,  that,  if  the  crystals  had  been  formed  at  a 
considerable  depth,  they  might  be  carried  to  a  much  less  without  the 
elastic  force  of  the  fluid  bursting  the  cavities.  To  completely  fuse 
such  a  rock,  a  white  heat  is  necessary ;  but  I  find  that,  when  in  a 
glassy  state,  thin  fragments  become  soft  enough  to  bend  at  a  very 
moderate  red  heat,  so  that  the  temperature  at  which  it  became  quite 
solid  probably  could  not  differ  very  materially  from  the  dull  red  heat 

deduced  from  the  fluid-cavities,  the  two  independent  facts  strongly 
confirming  each  other. 

Along  with  these  fluid-cavities  occur  most  excellent  stone-cavities, 
as  shown  by  fig.  103,  in  every  respect  analogous  to  those  in  the 
crystals  in  slags,  and  especially  like  some  in  leucite;  and  it  may 
easily  be  seen  that  they  are  small  portions  of  the  surrounding  fel- 
spathic  material  of  the  trachyte,  that  have  been  enclosed  in  the 
growing  crystals  of  quartz.  That  they  were  caught  up  when  their 
substance  was  in  a  fused,  or  at  all  events  in  a  soft  state,  is  proved  by 
the  fact,  that  their  form  is  related  to,  and  they  are  moulded  upon, 
the  crystalline  planes  of  the  quartz  ;  whereas,  if  they  had  been  solid 
fragments,  the  quartz  would  have  been  moulded  to  their  own  form. 
It  therefore  appears  to  me  to  be  completely  proved,  that  these  crystals 
of  quartz  were  generated  under  similar  physical  conditions  to  those 
concerned  in  the  development  of  the  minerals  of  the  ejected  blocks, 
by  the  combined  influence  of  a  dull  red  heat,  liquid  water,  and  par- 

tially melted  rock. 
The  structure  of  the  quartz  of  many  elvans  and  some  granites  is 

in  every  respect  analogous  to  that  in  the  trachyte  just  described. 
The  only  sensible  difference  is  that  the  fluid-cavities  are  seldom  so 
flat,  and  gas-  or  vapour-cavities  more  numerous.  The  proof  of  the 
igneous  origin  of  elvans  is  complete,  for  the  stone-cavities  are  very 
well  developed.  Examples  of  these  are  shown  by  figs.  104,  105, 
106,  and  107,  from  the  elvans  near  Penrhyn  and  Gwennap.  As  will 
be  seen,  fig.  104  is  extremely  like  those  in  the  trachyte,  differing 
only  in  being  of  rather  coarser  grain,  and  in  containing  a  long  prism 
of  schorl.  Very  often  long  hair-like  crystals  of  that  mineral  occur 
in  the  quartz  itself,  sometimes  attached  to  stone-cavities,  as  shown  by 
fig.   106  ;   like  the  crystals  with  attached  stone-cavities  in  leucite, 
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fig.  67  >  Fig.  105  represents  a  cavity  of  more  irregular  shape,  and 
fig.  107  is  from  an  elvan  of  much  coarser  grain,  and  has  a  gas-  or 
vapour-cavity  attached  to  it.  These  gas-  or  vapour-cavities  often 
occur  in  distinct  bands,  like  those  in  augite  and  other  volcanic 

minerals  ;  but  sometimes  they  are  mixed  up  with  fluid-cavities,  which 
in  that  case  have  bubbles  of  variable  relative  size,  caused  by  the 
irregular  combination  of  fluid  and  vapour  in  the  same  cavity  ;  whilst 
in  other  parts  fluid-cavities  occur  alone,  with  vacuities  of  very  uniform 
relative  size.  As  in  the  case  of  artificial  crystals,  the  form  of  the 
fluid- cavities  is  often  related  to  the  crystalline  planes  of  the  quartz, 
as  shown  by  fig.  108.  Fig.  109  is  a  fluid-cavity  containing  prismatic 
crystals,  which  in  some  cases  must  certainly  have  been  caught  up 
during  the  growth  of  the  quartz,  and  not  deposited  from  the  solution 
on  cooling,  for  they  often  pass  through  the  cavities,  as  shown  by  fig. 
110,  and  appear  to  be  schorl. 

The  passage  from  elvans  to  granite  is  quite  gradual,  and  this  is 
also  the  case  with  the  peculiarities  in  the  microscopical  structure  of 
their  constituent  minerals.  The  quartz  of  granite  often  abounds 
with  most  excellent  fluid-cavities,  and  as  an  illustration  of  this  fact, 
I  have  in  fig.  Ill  represented  a  portion  of  the  quartz  of  the  granite 
of  St.  Austel,  which  occurs  as  distinct  crystals,  precisely  like  that  in 
the  trachyte  described  above,  and  not  as  a  residue  of  crystallization. 
In  many  granites  the  fluid-cavities  are  so  numerous  in  the  quartz, 
that  on  an  average  they  are  not  above  y^y^-th  of  an  inch  apart.  This 
agrees  with  the  proportion  of  a  thousand  millions  in  a  cubic  inch ; 
and  in  some  cases  there  must  be  more  than  ten  times  as  many. 
They  also  really  constitute  a  most  important  part  of  the  whole  bulk 
of  the  quartz,  for  sometimes  they  make  up  at  least  5  per  cent,  of  the 
volume ;  and  I  have  found  that  the  loss  of  water  on  heating  the 
quartz  of  the  granite  of  Cornwall  to  redness  is  on  an  avt  r  Age  about 

0#4  per  cent,  of  its  weight,  which  is  equivalent  to  about  1  p.  c.  of  its 
bulk.  These  fluid-cavities  are  not  confined  to  veins  of  granite,  or  to 
that  part  near  the  junction  with  the  stratified  rocks,  but  are  quite  as 
numerous  in  the  most  solid  rock,  far  away  from  the  junctions ;  as 
though  the  fluid  was  not  an  accidental  ingredient,  due  to  the  perco- 

lation of  water  to  a  fused  mass  naturally  containing  none,  but  as  if  it 
was  a  genuine  constituent  of  the  rock  when  melted.  Their  number 
varies  very  much  in  different  granites,  but  hitherto  I  have  found 

them  in  all  specimens  I  have  examined  ;  and,  though  there  are  ex- 
ceptions to  the  rule,  yet  on  the  whole  they  are  more  numerous  in 

granites  than  in  elvans,  and  in  coarse-grained,  than  in  fine-grained 

granites*. The  felspar  of  the  Cornish  granites  is  usually  so  opaque,  on  account 
of  partial  decomposition,  that  it  is  difficult  to  see  the  fluid-cavities. 

*  This  is  especially  the  case  near  Aberdeen  ;  for  in  the  quartz  of  the  coarse- 
grained veins,  having  en  stals  of  mica,  felspar,  and  schorl  several  inches  long,  the 

fluid-cavities  are  so  numerous,  large,  and  distinct,  that  even  with  only  a  mode- 
rately high  magnifying  power  they  may  be  seen  to  greater  advantage  than  in  any 

other  granite  I  have  hitherto  examined  ;  whereas  in  the  rather  fine-grained  stone 
used  in  building,  they  are  few,  small,  and  ohscure. — Oct.  1858. 
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Fig.  1 12  is  one  in  this  mineral,  but  they  are  undoubtedly  very  rare. 
Few  also  occur  in  this  mica,  but  they  are  certainly  sometimes  met 
with,  as  shown  by  fig.  113,  which  is  very  flat  and  shallow.  The 
presence  of  so  many  in  the  quartz,  and  of  so  few  in  the  felspar  and 
mica,  is  analogous  to  what  occurs  when  a  mixed  solution  of  common 
salt  and  alum  is  evaporated,  as  already  described  ;  and,  when  solu- 

tions of  alum  and  chloride  of  potassium  are  evaporated  side  by  side, 
the  crystals  of  chloride  of  potassium  are  even  more  loaded  with  fluid- 
cavities  than  the  quartz  in  granite,  whilst  some  of  the  crystals  of 
alum  contain  none. 

By  many  experiments,  I  have  proved  most  conclusively  that  the 
fluid  in  the  cavities  in  the  quartz  of  granites  and  elvans  is  water, 
holding  in  solution  the  chlorides  of  potassium  and  sodium,  the  sul- 

phates of  potash,  soda,  and  lime,  sometimes  one,  and  sometimes  the 
other  salt  predominating,  Since  the  solution  has  often  a  most 
decided  acid  reaction  before,  or  even  after,  having  been  evaporated 
to  dryness,  there  must  be  an  excess  of  the  acids  present.  This  oc- 

currence of  free  hydrochloric  and  sulphuric  acid  is,  I  think,  a  very 
interesting  fact,  when  we  bear  in  mind  how  very  characteristic  they 
are  of  modern  volcanic  activity.  Sometimes  the  amount  of  salts  dis- 

solved in  the  heated  water  was  greater  than  could  be  retained  in  so- 
lution at  the  ordinary  temperature,  and  cubic  crystals  of  the  chlorides 

have  heen  deposited,  as  shown  by  fig.  114.  Near  the  granite, 
this  is  also  sometimes  the  case  with  the  fluid-cavities  in  the  quartz 
of  metamorphic  schists  and  quartz-veins,  which  cavities  contain  the 
same  saline  solution  as  those  in  the  quartz  of  the  granite  itself,  as 
if  in  all  these  cases  the  quartz  had  been  deposited  from  the  same 
liquid,  which,  at  a  greater  distance  from  the  granite,  became  more 
dilute,  on  account  of  being  mixed  with  pure  water.  Besides  the 
cubic  crystals,  the  fluid-cavities  in  the  quartz  of  granite  occasionally 
also  contain  prismatic  crystals,  as  seen  in  fig.  115,  and  therefore  agree 
very  closely  with  those  in  the  blocks  ejected  from  Vesuvius.  There  is 
often  a  considerable  variation  in  the  amount  of  crystals  contained  in 

the  fluid-cavities  in  the  same  portion  of  quartz,  as  if  the  strength  of 
the  solution  had  varied  during  the  consolidation  of  the  rock ;  and 
there  is  also  sometimes  a  passage  from  fluid-  to  vapour-cavities,  as  if 
there  had  been  an  alternation  of  liquid  and  vapour  or  gases  ;  both  of 
which  circumstances  would  be  likely  to  occur. 

The  stone-cavities  are  not  well  developed,  except  in  granites  whose 
structure  approximates  somewhat  to  that  of  elvans.  The  most  dis- 

tinct I  have  yet  found  are  in  the  quartz  of  the  granite  of  St.  Austel, 
containing  the  fluid-cavities,  fig.  111.  They  are  entirely  similar  to 
those  in  the  quartz  of  the  trachyte  of  Ponza  or  of  elvans,  as  will  be 
seen  on  comparing  fig.  117  with  figs.  103  and  104.  As  I  have 
already  remarked,  when  some  substances  pass  into  the  crystalline 
state  they  occupy  more  space  than  when  melted,  and  therefore,  if 
entirely  enclosed  in  a  solid  substance,  they  might  expand  so  much  as 
to  crack  it,  like  we  all  know  often  happens  when  water  freezes.  This 
appears  to  have  occurred  in  the  cavity  fig.  119,  there  being  three 
cracks  radiating  from  it,  as  drawn.    This  increase  in  the  bulk  of  the 
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included  stone,  explains  why  there  are  no  vacuities  in  the  stone- 
cavities  of  granites  and  elvans.  In  the  quartz  of  very  coarse-grained 
granites  the  stone-cavities  are  generally  obscure  and  of  irregular 
shape,  as  shown  by  fig.  118.  Those  in  the  felspar  are  often  so  much 
obscured  by  the  partial  decomposition  of  that  mineral,  that  it  is 
difficult  to  distinguish  them  from  small  decomposed  patches  ;  but  in 
some  very  clear  from  the  granite  of  Lamorna  they  are  sufficiently 
distinct,  and,  as  shown  by  fig.  120,  are  very  analogous  to  those  in 
the  felspar  of  the  trachyte  of  Ponza,  figs.  71  and  72. 

Besides  fluid-  and  stone-cavities,  the  quartz  of  granite  often  con- 
tains vapour-cavities,  like  those  in  minerals  from  modern  volcanos. 

Some  are  almost  perfect  spheres,  and  exactly  like  enclosed  bubbles 

of  gas  ;  but  others  are  of  more  irregular  shape,  and  gradually  inter- 
fere with  and  pass  into  fluid-cavities,  in  the  same  manner  as  occurs 

in  some  of  the  minerals  of  ejected  blocks,  and  in  crystals  formed  ar- 
tificially by  alternate  exposure  to  liquid  and  the  air.  Some  of  these 

empty  cavities  may  be  fluid- cavities  that  have  lost  their  fluid,  but  I 
have  found  them  in  specimens  obtained  on  the  sea-coast  below  low- 
water  mark,  which  were  afterwards  kept  under  water  and  never 
dried,  and  therefore  some  must  certainly  be  genuine  gas-  or  vapour- 
cavities. 

On  the  whole,  then,  the  microscopical  structure  of  the  constituent 
minerals  of  granite  is  in  every  respect  analogous  to  that  of  those 
formed  at  great  depths  and  ejected  from  modern  volcanos,  or  that 
of  the  quartz  in  the  trachyte  of  Ponza,  as  though  granite  had  been 
formed  under  similar  physical  conditions,  combining  at  once  both 
igneous  fusion,  aqueous  solution,  and  gaseous  sublimation.  The 
proof  of  the  operation  of  water  is  quite  as  strong  as  of  that  of  heat ; 
and,  in  fact,  I  must  admit,  that  in  the  case  of  coarse-grained,  highly 
quartzose  granites  there  is  so  very  little  evidence  of  igneous  fusion, 
and  such  overwhelming  proof  of  the  action  of  water,  that  it  is  im- 

possible to  draw  a  line  between  them  and  those  veins  where,  in  all 

probability,  mica,  felspar,  and  quartz  have  been  deposited  from  solu- 
tion in  water,  without  there  being  any  definite  genuine  igneous  fusion 

like  that  in  the  case  of  furnace  slags  or  erupted  lavas.  There  is, 
therefore,  in  the  microscopical  structure  a  most  complete  and  gradual 

passage  from  granite  to  simple  quartz- veins ;  and  my  own  observa- 
tions in  the  field  cause  me  to  entirely  agree  with  M.  Elie  de  Beau- 
mont (Note  sur  les  emanations  volcaniques  et  metalliferes,  Bulletin 

de  la  Societe  Geologique  de  France,  2  serie,  t.  iv.  p.  1249)  in  con- 
cluding that  there  is  also  the  same  gradual  passage  on  a  large  scale. 

My  remarks  respecting  the  possibility  of  the  water  having  passed 
into  the  fluid-cavities  in  nepheline  after  they  were  formed,  will,  to  a 
considerable  extent,  apply  to  the  fluid-cavities  in  the  quartz  of  elvans 
and  granites.  If  they  had  contained  nearly  pure  water,  and  were 
quite  full,  and  easily  lost  it  on  drying,  such  a  supposition  would  have 
been  sufficiently  probable.  It  is,  however,  not  mere  water,  but  va- 

rious saline  solutions,  with,  free  acids,  precisely  like  the  fluid  in  the 
cavities  of  some  modern  volcanic  minerals.  Moreover,  that  a  very 
great  pressure  will  not  cause  water  to  pass  through  solid  crystal,  ex- 
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cept  by  cracking  it,  is  proved  by  the  fact,  that  when  the  quartz  from 
Ceylon,  in  which  the  fluid  expands  so  as  to  fill  the  cavities  at  about 

218°  C,  was  heated  to  at  least  350°,  some  of  the  fluid-cavities  still 
retained  their  fluid,  though,  judging  from  the  force  calculated  to  be 
necessary  to  counteract  the  expansion  of  the  fluid,  they  must  have 
resisted  a  pressure  equal  to  about  40,000  feet  of  rock.  Also  in  my 
experiments  in  treating  fragments  of  nepheline  to  a  red  heat,  a  thick- 

ness of  only  y^th  of  an  inch  must  in  some  cases  have  resisted  a  pres- 
sure of  several  thousand  feet.  Since  water  has  not  penetrated  into  the 

vapour-cavities,  or  into  the  vacuities  in  the  glass-cavities,  in  ancient 
trappean  rocks,  it  should  appear  that  a  considerable  pressure  for  a 
very  long  time  will  not  cause  it  to  pass  through  the  solid  substance 
of  crystals.  In  my  opinion  this  could  only  happen  by  the  formation 
of  actual  cracks,  which,  as  sometimes  happens  with  cracked  glass, 
were  healed  up  by  the  adhesion  of  the  sides,  after  the  fluid  had  en- 

tered. This,  however,  would  differ  as  much  from  the  escape  of  the 
fluid  when  the  crystal  is  strongly  heated,  as  the  breaking  of  an  arch 
by  a  symmetrical  pressure  from  above  would  differ  from  a  fracture 
produced  by  a  pressure  from  the  inside ;  and,  therefore,  if  fluid- 
cavities  can  resist  so  great  a  pressure  from  within,  it  appears  to  me 
that  none  at  all  probable  could  burst  them  from  without.  That  the 
fluid  remains  permanently  in  many  of  the  cavities  in  quartz,  is,  I 
think,  proved  by  the  fact  that,  when  specimens  are  obtained  below 
low-water  mark  on  the  sea-coast,  and  afterwards  kept  in  water,  the 
cavities  are  in  no  respect  different  from  those  in  very  thin  fragments 
which  have  been  kept  dry  for  years.  On  the  whole,  in  the  absence 
of  any  proof  of  the  contrary,  I  think  these  reasons  are  sufficient  to 
warrant  the  conclusion  that  the  aqueous  solutions  enclosed  in  the 

fluid-cavities  in  the  quartz  of  granitic  rocks,  were  caught  up  during 
the  formation  of  the  crystals,  and  have  remained  ever  since,  herme- 

tically sealed  up  in  their  solid  substance,  without  any  increase  or 
diminution  of  the  fluid  ;  and  that  therefore  we  may  determine  from 
their  present  condition  the  circumstances  under  which  the  rock  was 
originally  formed. 

In  my  opinion,  the  water  associated  with  thoroughly  melted  igne- 
ous rocks  at  great  depths  does  not  dissolve  the  rock,  but  the  rock 

dissolves  the  water,  either  chemically  as  a  hydrate,  or  physically  as 
a  gas.  In  the  case  of  those  obsidians  and  pitchstones  which,  when 
heated  to  redness,  give  off  water  having  a  strong  acid  reaction,  it  may 
probably  be  in  the  form  of  a  hydrate,  retaining  its  water  when  heated 
under  pressure.  It  is  also  sufficiently  probable  that,  as  suggested 
by  M.  A.ngelot  (Bulletin  de  la  Societe  Geologique  de  France,  1  ser. 
t.  xiii.  p.  178),  fused  rock,  under  great  pressure,  may  dissolve  a  con- 

siderable amount  of  the  vapour  of  water,  in  the  same  manner  as 
liquids  dissolve  gases.  In  either  case,  if  the  fused  rock  passed  by 
gradual  cooling  into  anhydrous  crystalline  compounds,  the  water 
would  necessarily  be  set  free  ;  and,  if  the  pressure  was  so  great  that 
it  could  not  escape  as  vapour,  an  intimate  mixture  of  partially  melted 
rock  and  liquid  water  would  be  the  result.  It  is  difficult  to  form 
any  very  definite  opinion  as  to  the  actual  amount  of  this  water,  and 
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to  decide  whether  or  no  it  exercised  an  important  influence  over  the 
crystalline  processes  that  took  place  during  the  consolidation  of  sucli 
rocks  as  granite.    The  comparatively  large  quantity  of  alkaline  chlo- 

rides and  sulphates,  dissolved  in  those  portions  caught  up  in  the 

growing  crystals,  indicates  that  the  amount  cannot  have  heen  un- 
limited ;  but,  bearing  in  mind  the  facts  I  alluded  to  when  describing 

the  fluid-cavities  in  the  blocks  ejected  from  modern  volcanos,  and 
knowing,  as  we  do,  that  the  action  of  highly  heated  water  is  so  very 
energetic,  I  cannot  think  that  its  influence  was  unimportant.     On 

the  contrary,  seeing  that  the  fluid-cavities  in  the  quartz  of  quartz- 
veins  contain  the  selfsame  salts  and  acids  as  those  in  the  granite,  as 
though  it  had  been  deposited  from  portions  of  the  liquid  which  had 
passed  from  the  granite  up  fissures,  I   think  the  amount,  though 
limited,  must  nevertheless  have  been  considerable,  and  that  its  presence 

will  serve  to  account  for  the  connexion  between  granite  and  quartz- 
veins,  and  the  very  intimate  relation  of  both  to  the  metamorphic  rocks, 
and  explain  many  peculiarities  in  the  arrangement  of  the  minerals  in 
the  cavities  in  granite  or  in  the  solid  rock,  even  if  it  was  not  the  effec- 

tive cause  of  their  elimination  and  crystallization.  These  analytical  de- 
ductions have  been  confirmed  in  a  most  striking  manner  by  the  ad- 

mirable experiments  of  M.  Daubree  (Observations  sur  le  metamor- 
phisme,  &c,  Annales  des  Mines,  5e  ser.  t.  xii.  p.  289),  who,  in  having 
produced  felspar  and  quartz  artificially,  by  the  action  of  water  at  a 
similar  temperature  to  that  I  have  deduced  from  the  fluid-cavities, 
has  removed  some  of  the  principal  objections  that  might  have  been 
urged  against  my  conclusions.     I  therefore  must  confess  myself  to 
be  a  very  strong  adherent  to  the  views  of  Scrope  (Treatise  on  Vol- 

canos ;  and  on  the  nature  of  the  liquidity  of  lava,  Quarterly  Journal 
of  the  Geological  Society,  vol.  xii.  p.  338),  Elie  de  Beaumont  (Note 
sur  les  emanations  volcaniques,  ut  supra),  and  Scheerer  (Discussion 

sur  la  nature  plutonique  du  granite,  &c,  Bulletin  de  la  Societe  Geolo- 
gique  de  France,  2  ser.  vol.  iv.  p.  468,  and  vol.  vi.  p.  644),  though, 
as  will  be  perceived,  I  by  no  means  agree  with  them  in  every  par- 
ticular. 

c.   Temperature  and  pressure  under  which  granitic  ?'Ocks  have  been 

formed. 
In  studying  the  fluid-cavities  in  elvans  and  granite,  it  is  particu- 

larly necessary  to  bear  in  mind  the  influence  of  pressure.  As  already 
shown,  the  temperature  requisite  to  expand  the  fluid  so  as  to  fill  the 
cavities  is  that  at  which  the  crystal  was  formed  only  when  the  pres- 

sure was  not  greater  than  the  elastic  force  of  the  vapour,  and  when 

in  equation  (9)  p=0  ;  but  if  the  pressure  was  very  great,  that  tem- 
perature would  necessarily  be  far  short  of  the  actual  heat.  There- 

fore, as  already  described,  the  true  heat  can  only  be  determined  when 
the  approximate  value  of  the  pressure  is  known ;  and  the  pressure 
cannot  be  deduced  unless  we  can  in  some  way  or  other  approximate 
to  the  temperature.  The  trachyte  of  Ponza  was  probably  formed 
under  so  small  a  pressure  that  it  scarcely  need  be  taken  into  account ; 
but,  in  the  case  of  granites,  such  a  supposition  would  lead  to  the  con- 
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elusion  that  sometimes  they  did  not  solidify  from  a  state  of  fusion 
until  the  temperature  was  as  low  as  that  of  boiling  water.  In  the 
present  state  of  the  inquiry  (July  1858),  it  therefore  appears  to  me 
that  the  best  course  is  to  suppose  that  the  quartz  of  the  various  igne- 

ous rocks  crystallized  at  about  the  same  temperature,  and  that  the 
greatest  value  of  v  yet  observed,  viz.  in  the  trachyte  of  Ponza,  was 

when  p  was  not  so  great  as  to  prevent  the  value  *3  being  a  sufficiently 
accurate  approximation  to  Y  to  be  substituted  in  equation  (6),  so  as 
to  enable  us  to  calculate  the  value  of  p  from  the  observed  value  of  v 
by  the  equation 

i>=369,000  pT|   equation  (10). 

Considering  the  very  strong  analogy  between  the  structure  of  this 
trachyte  and  that  of  elvans  and  granites,  this  supposition  appears  to 
me  quite  admissible  as  an  approximation  until  a  more  correct  is  known. 
Of  course  the  results  deduced  from  the  equation  are  the  amounts  of 
pressure  in  feet  of  rock,  and  not  the  actual  depth.  In  some  cases 

the  pressure  was  probably  much  greater  than  that  of  the  superin- 
cumbent rocks,  for  otherwise  they  could  not  have  been  fractured  and 

elevated  ;  whereas  in  other  cases  it  may  have  been  much  less,  if  the 
internal  pressures  had  been  in  any  way  relieved.  Fortunately,  a  con- 

siderable variation  in  the  strength  of  the  saline  solutions  in  the  fluid- 
cavities  would  be  to  a  great  extent  compensated  for,  because,  though 
a  more  dilute  solution  would  expand  more  by  heat,  it  would  be  more 
compressed  by  pressure.  Moreover,  according  to  the  principles  de- 

scribed by  Mr.  James  Thompson  (Transactions  of  the  lloyal  Society 
of  Edinburgh,  vol.  xvi.  p.  575),  which  have  been  strikingly  verified 
by  the  experiments  of  Professor  Win.  Thompson  on  the  thawing  of 
ice  (Philosophical  Magazine,  3rd  ser.  vol.  xxxvii.  p.  123),  by  those 

of  Bunsen  on  spermaceti  and  paraffine  (Poggendorff's  Annalen  der 
Physik  und  Chemie,  1850,  vol.  lxxxi.  p.  562),  and  by  those  of  Hop- 

kins and  Fairbairn  on  spermaceti,  paraffine,  sulphur,  and  stearine 

(Report  of  the  British  Association  for  1854,  p.  57), — if  a  substance 
expands  in  solidifying,  it  would  become  solid  at  a  lower  temperature 
when  under  a  greater  pressure ;  whereas  if  it  contracts,  it  would 
solidify  at  a  higher  temperature.  Therefore  if,  as  I  have  already 
shown,  the  stone-cavities  in  the  quartz  of  granite  indicate  that  the 
general  fused  mass  from  which  the  quartz  crystallized  expanded  in 
the  act  of  solidification,  it  would  probably  become  solid  at  a  lower 
temperature  when  under  greater  pressure.  We  may,  however,  be 
nearly  certain,  that  at  very  great  pressures  the  compression  of  water 
would  be  relatively  less  than  at  moderate  ;  for,  if  not,  a  finite  pressure 
would  compress  it  into  nothing ;  and  therefore,  since  the  force  re- 

quired to  produce  this  relatively  less  compression  of  the  liquid,  which 
was  not  so  much  expanded  by  the  lower  temperature,  might  be  nearly 
the  same  as  would  produce  the  greater  compression  of  the  more 
heated  and  expanded  liquid  assumed  in  the  above  equation,  it  is  ob- 

vious that  these  two  sources  of  error  have  a  tendency  to  counteract 

one  another,  and  therefore  perhaps  the  equation  would  give  a  tole- 
VOL.  XIV. — PART  I.  2  K 
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rably  accurate  approximation  to  the  truth  when  the  pressure  was 
very  great,  as  well  as  when  only  small.  Even  if  the  real  amount  of  the 
compression  of  the  highly  heated  liquid  differed  from  that  supposed 
to  be  the  most  probable,  the  difference  would  affect  all  the  results  in 
similar  proportion,  and  therefore,  though  not  actually  correct,  they 
would  be  sufficiently  accurate  as  compared  with  each  other.  The 
chief  point  about  which  there  may  be  some  doubt  is  whether,  when 
the  rock  contains  much  quartz,  it  became  crystalline  at  a  higher 
temperature  than  when  it  contains  less.  I  have,  indeed,  found  cases 

where  there  was  evidence  of  the  first-formed  quartz  having  crystal- 
lized at  a  higher  temperature  than  the  last,  but  the  facts  were  scarcely 

sufficiently  decided  to  be  fully  relied  on,  and  in  the  present  state  of 
the  inquiry  this  cannot  be  accurately  taken  into  account ;  nor,  indeed, 
if  mean  results  are  employed,  do  any  other  facts  seem  to  require  that 
it  should.  That  even  highly  quartzose  el  vans  and  granites  did  not 
become  finally  solid  at  a  temperature  much  higher  than  a  dull-red 
heat,  is,  I  think,  clearly  proved  by  the  great  number  of  hair-like 
crystals  of  schorl  enclosed  in  the  quartz  ;  for  schorl  readily  melts  at 
a  bright-red  heat,  and  therefore  must  have  crystallized  at  a  lower 
temperature  than  that.  The  properties  of  the  pyrognomic  minerals 
described  by  Scheerer  (Discussion  sur  la  nature  plutonique  du  granite, 

&c,  ut  supra)  indicate  a  temperature  not  higher  than  a  brown-red 
heat.  It  therefore  appears  to  me  in  the  highest  degree  probable 
that  granites  and  elvans  became  finally  solid  at  about  the  dull-red 
heat  calculated  from  the  fluid-cavities  in  the  quartz  of  the  trachyte 
of  Ponza.  Still,  however,  taking  everything  into  consideration,  the 
following  deductions  must  only  be  looked  upon  as  the  best  approxi- 

mations that  can  be  made  at  present,  for  so  many  data  are  only  im- 
perfectly known. 

From  the  nature  of  the  case,  equation  (10)  gives  the  excess  of 
pressure  over  and  above  that  under  which  the  quartz  of  the  trachyte 
of  Ponza  crystallized,  whatever,  within  moderate  limits,  the  real 
temperature  and  pressure  might  be.  If  then  we  consider  these  to 

have  been  360°  C,  and  4000  feet  of  rock,  that  amount  would  have 
to  be  added  to  the  calculated  value  of  p,  in  order  to  obtain  the  total 

pressure. 
The  greatest  value  of  v  that  I  have  yet  found  for  any  elvan  is  for 

one  at  Gwennap,  in  which  it  is  very  nearly  '25.  This,  from  equa- 
tion (8),  indicates  a  minimum  temperature  of  about  320°  C.  (608°  F.), 

or  very  little  lower  than  a  dull-red  heat  visible  in  the  dark.  Sub- 
stituting this  value  of  v  in  equation  (10)  we  obtain  p=  14,100  feet, 

to  which,  as  explained  above,  must  be  added  4000  feet  to  arrive  at 
the  total  pressure,  which  was  therefore  about  18,100  feet.  The 

least  value  of  v  for  any  elvan  in  Cornwall  is  "125,  for  that  at  Swan- 
pool,  near  Falmouth,  which  corresponds  to  a  pressure  of  53,900  feet. 
The  mean  of  my  observations  in  the  elvans  of  Cornwall  gives  a  pres- 

sure of  40,300  feet ;  but,  for  the  analogous  quartzose  porphvry-dykes 
in  the  Highlands  of  Scotland,  69,000  feet. 

I  have  never  yet  found  any  granite  in  which  v  is  greater  than  '2, 
which  is  the  relative  size  of  the  vacuities  in  that  of  St.  Austel.    This 
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indicates  a  minimum  temperature  of  256°  C.  (493°  F.),  and  a  pres- 
sure equal  to  about  32,400  feet  of  rock,  or  considerably  less  than 

some  of  the  el  vans.  In  the  Cornish  granite  I  have  never  found  v 

less  than  *09,  in  that  from  the  Ding  Dong  mine  near  Penzance,  which 
corresponds  to  a  pressure  of  63,600  feet;  and  the  mean  of  all  my 
observations  gives  50,000  feet,  or  9700  feet  more  than  the  mean  for 
the  elvans.  This,  I  think,  is  a  very  satisfactory  result,  since  the 
association  of  those  rocks  clearly  proves  that  granite  must  have  been 
consolidated  at  a  considerably  greater  depth  than  elvans. 
The  conclusions  derived  from  my  examination  of  the  various 

granites  in  the  neighbourhood  of  Aberdeen  are  very  striking.  In 
the  main  mass,  at  a  considerable  distance  from  the  stratified  rocks, 

#==  about  "04  ;  and  the  great  difference  between  vacuities  of  that  size 
and  those  in  the  fluid-cavities  in  the  quartz  of  the  trachyte  of  Ponza 
will  be  seen  on  comparing  fig.  116  with  fig.  100,  both  magnified  to 
the  same  extent.  If  the  pressure  were  not  taken  into  account,  this 
would  indicate  a  temperature  lower  than  that  of  boiling  water ;  but 
if  the  temperature  was  the  same  as  that  at  which  the  quartz  of  the 
trachyte  of  Ponza  crystallized,  the  pressure  must  have  been  equal  to 
about  78,000  feet  .of  rock.  If  the  temperature  was  higher,  the  pres- 

sure must  have  been  still  greater.  In  the  exterior  part  close  to  the 

stratified  rocks  v='07l,  which  indicates  a  pressure  of  69,000  feet. 
This  is  the  same  as  for  the  porphyries,  but  9000  feet  less  than  for  the 
centre  of  the  granite,  which  appears  to  me  a  very  reasonable  result, 
since  it  is  extremely  probable  that  the  pressure  on  the  outside  would 
be  considerably  less  than  in  the  interior.  In  some  more  recent  veins 

of  very  coarse-grained  granite  intersecting  the  other,  v  =  '166,  which 
corresponds  to  a  pressure  of  only  42,000  feet,  as  though  the  condi- 

tions under  which  it  was  consolidated  differed  materially  from  the 
other  case,  either  on  account  of  the  elevation  of  the  rocks,  or  some 
other  physical  change.  The  general  mean  of  all  my  measurements 
in  the  main  masses  of  granite  in  the  south  border  of  the  Highlands 
from  Aberdeen  to  Ben  Cruachan  indicates  a  pressure  of  about  76,000 

feet,  or  7000  feet  more  than  the  quartzose  porphyry-dykes.  The 
number  of  cavities  is  also  much  less  than  in  those  granites  formed 
under  a  less  pressure,  as  if  the  crystallization  had  taken  place  more 
slowly,  on  account  of  a  more  gradual  cooling,  which  would  probably 
be  the  case,  if  the  thickness  of  the  superincumbent  rocks  was  greater. 

Comparing  these  conclusions  and  that  derived  from  a  comparison 

of  the  metamorphic  rocks,  we  have  as  under  : — 
The  granites  of  the  Highlands  indicate  a  pressure  of  26,000  feet 

of  rock  more  than  those  of  Cornwall. 

The  elvans  of  the  Highlands  indicate  a  pressure  of  28,700  feet  of 
rock  more  than  those  of  Cornwall. 

The  metamorphic  rocks  indicate  a  pressure  of  23,700  feet  of  rock 
more  than  those  of  Cornwall. 

This  remarkable  agreement  cannot  be  the  result  of  mere  accident, 
but  I  think  clearly  points  out  that  the  consolidation  of  the  granites 
and  elvans,  and  the  metamorphosis  of  the  stratified  rocks,  took  place 
in  the  Highlands  at  a  very  much  greater  depth  than  in  Cornwall, — 

2  k2 
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a  conclusion  wliicli  appears  to  me  to  agree  extremely  well  with  the 
general  association  of  facts  on  a  large  scale. 

Of  course  all  the  pressures  deduced  as  above  involve  any  error 
there  may  be  in  the  amount  of  compression  supposed  to  be  the  most 
probable  for  highly  heated  water,  and  would  be  materially  altered 
by  variations  in  the  temperature ;  but,  considering  all  the  circum- 

stances of  the  case,  it  appears  to  me  as  likely  that  they  are  too  little 
as  too  great,  and,  therefore,  at  present  we  cannot  do  better  than 
adopt  them  provisionally. 

In  order  that  the  various  results  may  be  compared  more  conve- 
niently, I  subjoin  the  following  Table.  The  first  column  gives  the 

temperature  in  degrees  Centigrade  requisite  to  expand  the  fluid  so 
as  to  fill  the  cavities,  if  the  pressure  was  not  greater  than  the  elastic 
force  of  the  vapour,  which,  of  course,  is  the  lowest  temperature  at 
which  the  rock  can  have  been  consolidated,  since  the  excess  of  pres- 

sure could  not  be  less  than  nothing.  In  the  other  column  is  given 
the  pressure  in  feet  of  rock  requisite  to  compress  the  fluid  so  much 

that  it  would  just  fill  the  cavities  at  360°,  being,  therefore,  the  actual 
pressure,  if  in  each  case  the  rock  was  consolidated  at  that  temperature. 

Tempera- ture.    Pressure. 

Trachyte  of  Ponza    356  4,000 
Elvan  at  Gwennap     320  18,100 
Granite  at  St.  Austel     256  32,400 
Mean  of  the  Cornish  elvans    250  40,300 
More  recent  veins  of  granite  at  Aberdeen    245  42,000 
Mean  of  Cornish  granites    216  50,000 
Elvan  at  Swanpool,  near  Falmouth    203  53,900 
Granite  from  the  Ding  Dong  Mine,  near  Penzance  ....  162  63,600 
Mean  of  the  Highland  porphyry-dykes    135  69,000 
Exterior  of  the  main  mass  of  the  granite  at  Aberdeen  135  69,000 
Mean  of  the  Highland  granites    99  76,000 
Centre  of  the  main  mass  of  the  granite  at  Aberdeen ...  89  78,000 

It  will  thus  easily  be  seen  that,  if  pressure  is  not  taken  into 
account,  there  is  a  gradual  decrease  in  temperature  on  passing  from 
trachyte  to  granite  ;  whilst  if,  as  is  far  more  probable,  the  temperature 
was  nearly  the  same,  the  pressure  increases  in  passing  from  trachyte 
through  elvans  to  granite;  and  I  think  all  geologists  will  agree  with 
me  in  thinking  that  this  is  a  very  satisfactory  result. 

It  therefore  appears  that  the  fluid-cavities  indicate  that  all  the 
elvans  and  granites  I  have  hitherto  examined  were  consolidated 
under  pressures  varying  from  about  18,000  to  78,000  feet  of  rock. 
These  are  certainly  very  great  pressures  j  but,  bearing  in  mind  that 
they  probably  represent  the  forces  concerned  in  the  elevation  of 
mountains,  I  think  they  are  sufficiently  reasonable.  They  also  cor- 

respond very  well  with  the  pressure  under  which,  in  many  cases,  the 
lava  at  the  feci  of  modern  volcanic  activity  must  become  solid,  as 
is  well  illustrated  by  the  Peak  of  Teneriffe.  It  is  upwards  of  12,000 
feet  high,  and  the  bottom  of  the  ocean  from  which  the  volcanic  dis- 

trict of  the  Canary  Islands  rises  is  12,000  feet  deep,  and  at  no  great 

distance  westward  it  is  10,800  feet  (Lieut.  Maury's  Physical  Geo- 
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graphy  of  the  Sea,  1st  edition,  plate  xi.).  If,  as  is  sufficiently  pro- 
bable, the  lava  at  a  great  depth  extends  some  distance  westward  of 

the  exhibition  of  volcanic  activity  at  the  surface,  there  must  be  a 
considerable  thickness  of  rock  between  it  and  the  bottom  of  the 

ocean,  or  else  it  could  not,  as  it  does,  resist  the  pressure  of  a  column 
of  lava  at  least  20,000  feet  high,  when  an  eruption  takes  place  from 
the  Peak.  If  a  few  thousand  feet  is  sufficient  for  that  purpose, 
when  the  internal  forces  are  relieved  by  an  eruption  of  lava  near  the 
summit  of  the  Peak,  there  would  be  a  pressure  of  an  actual  column  of 
at  least  30,000  feet  of  melted  rock  on  the  lava  at  the  base.  Pro- 

bably, however,  part  of  the  lava  is  at  a  greater  depth  than  a  few 
thousand  feet  below  the  general  bed  of  the  ocean,  and  the  pressure 
may  be  more  when  not  relieved  by  an  eruption,  and  therefore  it  ap- 

pears to  me  reasonable  to  suppose  it  might  in  some  cases  be  solidified 
under  double  that  pressure.  At  all  events  the  best  conclusions  we 
can  deduce  from  this  modern  volcano  agree  so  well  with  the  amounts 
calculated  from  the  fluid-cavities  in  granitic  rocks,  that  I  cannot  but 
conclude  that  the  pressure  under  which  granites  and  elvans  were 
consolidated  was  of  the  same  order  of  magnitude  as  the  pressure 
under  which  the  lava  of  modern  volcanos  must  be  solidified  at  the 

foci  of  their  activity,  as  though  these  rocks  were  the  unerupted  lavas 
of  ancient  volcanos,  variously  protruded  amongst  the  superincumbent 
strata. 

As  is  well  known,  the  temperature  of  rocks  increases  with  the 
depth  ;  and  it  becomes  an  interesting  question  to  determine  whether 
the  rate  of  increase  might  give  the  temperature  deduced  from  the 

fluid-cavities  in  the  quartz  of  the  trachyte  of  Ponza,  at  a  depth  which 
would  correspond  with  the  amount  of  pressure  deduced  from  a  com- 

parison with  those  in  the  quartz  of  granite.  According  to  M.  Cor- 
dier  (Edinburgh  New  Philosophical  Journal,  1828,  vol.  iv.  p.  273), 
the  rate  of  increase  is  not  uniform  in  all  countries,  being  in  some  as 

rapid  as  1°  F.  for  each  24  feet,  and  in  others  not  more  than  1°  for 
each  104  feet,  as  if  owing  to  an  irregular  distribution  of  the  subter- 

ranean heat.  If  the  increase  was  the  same  for  great  depths,  there 

would  be  a  temperature  of  680°  F.  at  a  depth  varying  from  15,100 
to  65,500  feet.  According  to  Mr.  R.  W.  Fox  (British  Association 
Report  for  1857,  p.  96),  the  rate  of  increase  in  various  mines  in 

Cornwall  is  by  no  means  uniform,  but  varies  from  1°  for  each  32  feet 
to  1°  for  71  feet,  being  on  an  average  1°  for  49  feet,  which  would 
give  a  temperature  of  680°  at  a  depth  of  30,900  feet.  However,  he 
states  expressly  that  the  increase  is  more  rapid  in  shallow  than  in 
deep  mines ;  and,  according  to  information  kindly  furnished  to  me 

by  Mr.  Robert  Hunt,  the  rate  is  1°  for  every  50  feet  in  penetrating 
through  the  first  100  fathoms;  for  the  next  100  fathoms  1°  for  70 
feet ;  whilst,  when  the  depth  exceeds  200  fathoms,  it  is  only  1°  for 
each  85  feet  of  depth.  If  this  be  the  true  rate  of  increase  far  below 

the  surface,  there  would  be  a  temperature  of  680°  F.  at  a  depth  of 
about  53,500  feet.  These  results  will  be  best  compared  with  the 
pressures  under  which  granites  were  most  probably  formed,  by  means 

of  the  following  Table ; — 
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Depth  in  Feet.  Pressure  in  feet  of  Rock. 

Cordier's  results    15,100  to  65,500 
Fox's  mean    30,900 
Hunt's  results    53,500 

Various  granites  ....  32,400  to  78,000 
Cornish  granites....  32,400  „  63,600 
Mean  of  ditto    50,000 

It  will  thus  be  seen  that,  if  the  rate  of  increase  to  a  very  great 
depth  is  the  same  as  near  the  surface,  the  calculated  temperature 
would  occur  at  a  less  depth  than  corresponds  with  the  calculated 

pressure,  although  the  general  order  of  magnitude  of  the  two  quan- 
tities is  very  similar  ;  whilst,  if  the  rate  of  increase  to  a  very  great 

depth  is  the  same  as  below  200  fathoms,  it  would  occur  in  Cornwall 
at  a  depth  which  corresponds  remarkably  well  with  the  calculated 

mean  pressure  for  the  granites  in  that  district.  Very  variable  ele- 
ments enter  into  the  calculations ;  there  are  many  possible  sources 

of  error  ;  the  number  of  feet  of  rock  expressing  the  pressure  might 
differ  very  considerably  from  the  actual  depth,  and  the  distribution 

of  heat  in  the  earth's  crust,  when  the  granite  was  consolidated, 
might  not  be  the  same  as  now.  Still,  however,  we  must  admit  that 
the  rate  of  increase  in  the  heat  of  the  rocks  indicates  that  the  tem- 

perature at  which  the  quartz  of  granite  probably  crystallized  would 

in  all  probability  occur  at  a  depth  agreeing  very  well  with  the  pres- 
sure to  which  it  appears  to  have  been  exposed.  Since,  then,  as  I 

have  already  shown,  the  metamorphic  rocks  near  the  granite  cry- 
stallized at  about  the  same  temperature  as  the  granite  itself,  I  think, 

even  if  we  do  not  give  our  entire  assent,  we  must  acknowledge  that 
the  above  fact  is  a  strong  argument  in  favour  of  the  supposition 
that  the  temperature  concerned  in  the  normal  metamorphosis  of 
gneissoid  rocks  was  due  to  their  having  been  at  a  sufficiently  great 
depth  beneath  superincumbent  strata. 

It  will,  therefore,  be  seen  that  the  application  of  the  principles  I 
have  described  leads  to  many  very  striking  and  remarkable  results, 
which  agree  so  extremely  well  amongst  themselves  and  with  other 
general  circumstances,  that  I  cannot  for  one  moment  believe  them  to 
be  the  effect  of  accident.  On  the  contrary,  they  clearly  point  to 
definite  laws  ;  and  though,  in  the  infancy  of  such  a  wide  subject,  in- 

volving many  very  difficult  physical  questions,  considerable  errors 
cannot  be  avoided,  yet  the  character  of  the  results  indicates  that  the 
general  principles  are  correct. 

With  respect,  then,  to  minerals  and  rocks  formed  at  a  high  tem- 
perature, my  chief  conclusions  are  as  follows.  At  one  end  of  the 

chain  are  erupted  lavas,  indicating  as  perfect  and  complete  fusion  as 
the  slags  of  furnaces,  and  at  the  other  end  are  simple  quartz  veins, 
having  a  structure  precisely  analogous  to  that  of  crystals  deposited 
from  water.  Between  these  there  is  every  connecting  link,  and  the 
central  link  is  granite.  When  the  water  intimately  associated  with 
the  melted  rock  at  great  depths  was  given  off  as  vapour  whilst  the 
rock  remained  fused,  the  structure  is  analogous  to  that  of  furnace 
slags.  If,  however,  the  pressure  was  so  great  that  the  water  could 
not  escape  as  vapour,  it  passed  as  a  highly  heated  liquid  holding 
different  materials  in  solution  up  the  fissures  in  the  superincumbent 
rocks,  and  deposited  various  crystalline  substances  to  form  mineral 
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veins.  It  also  penetrated  into  the  stratified  rocks,  heated,  some- 
times for  a  great  thickness,  to  a  high  temperature,  and  assisted  in 

Changing  their  physical  and  chemical  characters,  whilst  that  re- 

maining amongst  the  partially-melted  igneous  rock  served  to  modify 
the  crystalline  processes  which  took  place  during  its  consolidation. 
These  results  are  all  derived  from  the  study  of  the  microscopical 
structure  of  the  crystals  ;  but  my  own  observations  in  the  field  lead 
me  to  conclude  that  they  agree  equally  well  with  the  general  struc- 

ture of  the  mountains  themselves,  and  serve  to  account  for  facts  that 
could  not  have  been  satisfactorily  explained  without  the  aid  of  the 
microscope.  And  here  I  cannot  but  make  a  few  remarks  in  conclu- 

sion on  the  value  of  that  instrument,  and  of  the  most  accurate 

physics  in  the  study  of  physical  geology.  Although  with  a  first- 
rate  microscope,  having  an  achromatic  condenser,  the  structure  of 
such  crystals  and  sections  of  rocks  and  minerals  as  I  have  prepared 
for  myself  with  very  great  care  can  be  seen  by  good  day-light  as 
distinctly  as  if  visible  to  the  naked  eye,  still  some  geologists,  only 
accustomed  to  examine  large  masses  in  the  field,  may  perhaps  be 
disposed  to  question  the  value  of  the  facts  I  have  described,  and  to 
think  the  objects  so  minute  as  to  be  quite  beneath  their  notice,  and 
that  all  attempts  at  accurate  calculations  from  such  small  data  are 
quite  inadmissible.  What  other  science,  however,  has  prospered  by 
adopting  such  a  creed  ?  What  physiologist  would  think  of  ignoring 
all  the  invaluable  discoveries  that  have  been  made  in  his  science 

with  the  microscope,  merely  because  the  objects  are  minute  1  What 
would  become  of  astronomy  if  everything  was  stripped  from  it  that 
could  not  be  deduced  by  rough  calculation  from  observations  made 
without  telescopes?  With  such  striking  examples  before  us,  shall 
we  physical  geologists  maintain  that  only  rough  and  imperfect 
methods  of  research  are  applicable  to  our  own  science  1  Against 
such  an  opinion  I  certainly  must  protest ;  and  I  argue  that  there  is 
no  necessary  connexion  between  the  size  of  an  object  and  the  value 
of  a  fact,  and  that,  though  the  objects  I  have  described  are  minute, 
the  conclusions  to  be  derived  from  the  facts  are  great. 

DESCRIPTION  OF  PLATES  XVI.  to  XIX. 

The  number  of  times  that  the  objects  are  magnified  in  linear  dimensions  is 
expressed  by  the  sign  X .  The  figures  with  a  dotted  outline  are  portions  of 
crystals,  and  the  rest  are  entire  separate  cavities  and  crystals. 

Plate  XVI. 

Cavities  if  Ceystals  formed  Artificially. 

§  1.  From  solution  in  Water. 

Fig.  1.  A  single  crystal  of  chloride  of  potassium  deposited  on  slow  evaporation 
in  winter.    X  60. 

Fig.  2.  A  portion  of  the  edge  of  a  crystal  of  chloride  of  sodium,  X  200,  showing 
how  the  fluid- cavities  are  formed. 

Fig.  3.  A  fluid-cavity  in  chloride  of  potassium  formed  at  the  ordinary  tempera- 
ture.  X800. 

Figs.  4,  5.  Fluid- cavities  in  chloride  of  sodium  formed  at  the  ordinary  tempe- 
rature.  4,  X800;  5,  XlOOO. 
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Fig.  6.  A  portion  of  a  crystal  of  chloride  of  potassium  formed  at  100°  C.  X 150. 
Fig.  7.  A  iluid-cavity  in  chloride  of  sodium  formed  at  100°  C.    X400. 
Figs.  8,  9,  10.  Fluid-cavities  in  chloride  of  potassium  formed  at  100°  C. 

8,  X300;  9,  X400;  10,  X200. 

Figs.  11,  12,  13.  Fluid-cavities  in  chloride  of  sodium  formed  at  100°  C,  in  a 
strong  solution  of  bichromate  of  potash.    11,13,  X1000;  12,  X600. 

Figs.  14,  15,  16.  Crystals  of  bichromate  of  potash  and  attached  fluid-cavities,  in 
chloride  of  sodium  formed  at  100°  C,  in  a  concentrated  solution  of  the 
bichromate.    14,15,  X100;  16,  X70. 

Fig.  17.  A  fluid-cavity  in  chloride  of  sodium  formed  at  100°  C,  in  a  concen- 
trated solution  of  bichromate  of  potash.    X  800. 

Figs.  18,  19.  Fluid-cavities  in  chloride  of  sodium  formed  at  100°  C,  in  a  strong 
solution  of  chloride  of  potassium.    18,  X800;  19,  X1200. 

Fig.  20.  A  fluid-cavity  in  chloride  of  sodium  formed  at  100°  C,  in  a  strong 
solution  of  hydrochloride  of  ammonia.    X  800. 

Figs.  21,  22.  Fluid- cavities  in  nitrate  of  potash  formed  at  the  ordinary  tempe- 
rature.  21,  X400;  22,  X200. 

Fig.  23.  A  fluid-cavity  in  binoxalate  of  ammonia  formed  at  the  ordinary  tem- 
perature.   Xl50. 

Figs.  24,  25.  Fluid- cavities  in  sulphate  of  zinc  formed  at  the  ordinary  tempe- 
rature.  X130. 

Plate  XYII. 

Fig.  26.  A  portion  of  a  crystal  of  alum  formed  at  50°  C.    X 100. 
Figs.  27,  28.  Fluid-cavities  in  alum  formed  at  50°  C.    27,  X100 ;  28,  X400. 
Fig.  29.  A  gas-cavity  in  a  portion  of  a  crystal  of  alum  formed  at  50°  O.    X  50. 
Figs.  30,  31.  Fluid- cavities  in  alum  that  have  lost  water  by  drying.  30,  X800 ; 

31,  X400. 
Fig.  32.  A  portion  of  a  crystal  of  bichromate  of  potash,  with  bands  of  fluid- 

cavities.    X  200. 

Fig.  33.  A  fluid-cavity  in  bisulphate  of  potash,  which  totally  reflects  the  trans- 
mitted light.    X200. 

Figs.  34,  36,  37.  Fluid-cavities  in  chloride  of  sodium  formed  above  the  level  of 
the  liquid  at  100°  C.    34,  X800;  36,37,  X1000. 

Fig.  35.  A  gas-cavity  in  chloride  of  sodium  formed  above  the  level  of  the  liquid 
at  100°  C.   X600. 

§  2.  Formed  by  Sublimation. 

Fig.  38.  A  gas-cavity  in  hydrochlorate  of  ammonia.    X  600. 
Fig.  39.  A  gas-cavity  in  corrosive  sublimate.   X400. 

§  3.  Formed  from  a  state  of  Igneous  Fusion. 

Fig.  40.  A  portion  of  a  crystal  of  basic  silicate  of  protoxide  of  iron,  from  a  cop- 
per slag.    X  200. 

Figs.  41,  42,  43.  Grlass-cavities  in  a  portion  of  a  crystal  of  basic  silicate  of  prot- 
oxide of  iron,  from  a  copper  slag.   41,  X1600  ;  42,  X400;  43,  X600. 

Figs.  44,  45.  Part  glass-,  part  stone-cavities  in  a  portion  of  a  crystal  of  basic 
silicate  of  protoxide  of  iron,  from  a  copper  slag.  44,  X 1200 ; 
45,  X1600. 

Fig.  46.  A  stone-cavity  in  a  portion  of  a  crystal  of  basic  silicate  of  protoxide  of 
iron,  from  a  copper  slag,    X 1600. 

Fig.  47.  A  stone-cavity  in  pyroxene,  from  a  blast-furnace  slag.    X  800. 
Fig.  48.  A  glass-cavity  in  Humboldtilite,  from  a  blast-furnace  slag.    X400. 

FLriD-CiTiTiES  in  Natttkal  Mineeals. 

Figs.  49,  50,  51.  In  quartz  of  a  vein  at  Mousehole,  near  Penzance.    X800. 

Fig.  52.  A  fluid-cavity  containing  two  fluids,  in  the  quartz  of  a  porphyry  at 
Cove,  near  Aberdeen.   X  2000. 
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Tigs.  53,  54,  55,  56.  Fluid-cavities  containing  various  crystals,  in  quartz  re- 
placing felspar,  at  Trevalgan,  near  St.  Ives,  Cornwall.  53,  X 1600  j 

54,  55,  56,  X800. 

Plate  XVIII. 

GLASS-  AND  STONE-CAVITIES  IN  THE  MlNEEALS  OE  ERUPTED  LAVAS,  &C. 

Figs.  57,  58,  59,  60,  61,  62.  Glass-cavities  in  the  felspar  of  a  porphyritic  pitch- 
stone  in  Arran.  57,  X300;  58,  X330;  59,  X360;  60,  Xl600j 
61,  X600;  62,  X400. 

Fig.  63.  A  cavity  of  a  different  character  in  the  felspar  of  a  porphyritic  pitch- 
stone  in  Arran.    X  600. 

Fig.  64.  A  glass-cavity  in  a  prismatic  crystal  in  a  porphyritic  pitchstone  in 
Arran.    X300. 

Figs.  65,  66.  Glass-cavities  attached  to  crystals  in  the  augite  of  the  lava  of 
Vesuvius.    65,  X500;  66,  X400. 

Fig.  67.  A  stone-cavity  attached  to  a  crystal  in  the  leucite  of  the  lava  of 
Vesuvius.    X300. 

Figs.  68,  69,  70.  Stone-  and  glass-cavities  in  the  leucite  of  the  lava  of  Vesu- 
vius.   68,  X600;  69,70,  X800. 

Figs.  71,  72.  Stone-cavities  in  the  felspar  of  the  trachyte  of  Ponza.    X  800. 
Figs.  73,  74.  Grlass-cavities  in  the  augite  of  a  trappean  rock  at  Balloch,  Dum- 

barton. 73,  X450;  74,  X600. 

Fig.  75.  A  glass-cavity  in  the  augite  of  a  trappean  rock  near  Glasgow.    X  600. 
Figs.  76,  77.  Altered  glass-  or  stone-cavities  in  the  felspar  of  a  porphyritic 

greenstone  at  Arthur's  Seat,  near  Edinburgh.  76,  X400  ;  77,  X200. 

Fluid-,  Gas-,  Vapour-,  Stone-  and  Glass-cavities  in  Minerals  formed 
by  the  combined  action  of  water  and  igneous  fusion. 

Fig.  78.  A  fluid-cavity  hi  the  calcite  of  a  block  ejected  from  Vesuvius.      X  300. 
Figs.  79,  80,  83,  85.  Fluid-cavities  in  the  nepheline  of  a  block  ejected  from 

Vesuvius.    X1000. 

Figs.  81,  82,  84.  Fluid-cavities  in  the  nepheline  of  a  block  ejected  from  Vesu- 
vius, after  having  been  heated  to  a  more  or  less  bright  red  heat. 

Figs.  86,  87.  Gas-cavities  in  the  nepheline  of  a  block  ejected  from  Vesuvius,  hi 
a  natural  state.    86,  X1000;  87,  X400. 

Fig.  88.  A  vapour-cavity  in  the  nepheline  of  a  block  ejected  from  Vesuvius. 
X  800. 

Plate  XIX. 

Figs.  89,  90.  Glass-cavities  hi  the  nepheline  of  a  block  ejected  from  Vesuvius. 
89,  X400;  90,  X1200. 

Fig.  91.  The  cavity,  fig.  90,  after  having  been  heated  to  bright  redness. 

Figs.  92,  93.  Fluid- cavities  in  the  idocrase  of  a  block  ejected  from  Vesuvius. 
X1200. 

Figs.  94,  95.  Fluid- cavities  in  the  felspar  of  a  block  ejected  from  Vesuvius. 
94,  X800;  95,  X1600. 

Fig.  96.  A  fluid-cavity  in  the  felspar  of  a  block  ejected  from  Vesuvius,  with 
much  enclosed  vapour.    X  500. 

Fig.  97.  A  vapour-cavity  in  the  felspar  of  a  block  ejected  from  Vesuvius,  out  of 
focus  in  the  centre.    X  500. 

Fig.  98.  A  glass-cavity  in  the  felspar  of  a  block  ejected  from  Vesuvius,  out  of 
focus  in  the  centre.    X  400. 

Fig.  99.  A  stone-cavity  in  the  felspar  of  a  block  ejected  from  Vesuvius,  out  of 
focus  in  the  centre.    X  500. 

Figs.    100,   101.     Fluid-cavities   in   the   quartz   of   a  trachyte  from   Ponza, 
100,  X2000;  101,  X800. 

Fig.  102.  A  fluid-cavity  in  the  quartz  of  a  trachyte  from  Ponza,  X1600,  so 
placed  that  the  bubble  totally  reflects  the  transmitted  hght. 

Fig.  103.  A  stone-cavity  in  the  quartz  of  a  trachyte  from  Ponza.   X400. 
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Figs.  104,  105.  Stone-cavities  in  the  quartz  of  an  elvan  near  Penrhyn,  Cornwall. 
104,  X250;  105,  X800. 

Fig.  106.  A  stone-cavity  attached  to  a  crystal  of  schorl  in  the  quartz  of  an  elvan 
near  Penrhyn,  Cornwall.    X400. 

Fig.  107.  A  stone-cavity  attached  to  a  vapour-  or  gas-cavity  in  the  quartz  of  an 
elvan  near  Gwennap,  Cornwall.    X  800. 

Fig.  108.  A  fluid-cavity  in  the  quartz  of  an  elvan  near  Gwennap.    X  2000. 
Figs.  109,  110.  Fluid-cavities  in  the  quartz  of  an  elvan  near  Gwennap,  enclosing 

or  attached  to  crystals  of  schorl.    X1200. 
Fig.  111.  A  portion  of  the  quartz  of  the  granite  at  St.  Austel,  Cornwall,  X  200, 

with  many  fluid-cavities,  and  one  vapour-  or  gas -cavity. 
Fig.  112.  A  fluid-cavity  in  the  felspar  of  the  granite  at  Penrhyn,  Cornwall. 

X1600. 

Fig.  113.  A  fluid-cavity  in  the  mica  of  a  granite-vein  at  Polmear  Cove,  Corn- 
wall.   X1600. 

Figs.  114,  115.  Fluid-cavities  in  the  quartz  of  the  granite  from  the  Ding  Dong 
Mine,  near  Penzance.  114,  X2000;  115,  X800. 

Fig.  116.  A  fluid-cavity  in  the  quartz  of  the  main  mass  of  granite  at  Aberdeen. 
X2000. 

Fig.  117.  A  stone-cavity  in  the  quartz  of  the  granite  at  St.  Austel.   X 1000. 
Fig.  118.  A  stone-cavity  in  the  quartz  of  a  rather  coarse-grained  granite  near 

Cape  Cornwall.    X  800. 

Fig.  119.  A  stone-cavity  in  the  quartz  of  the  gramte  at  St.  Austel,  with  ra- 
diating cracks.    X  600. 

Fig.  120.  A  stone-cavity  in  the  felspar  of  the  granite  at  Lamorna,  near  Pen- zance.  X800 
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Viscount  Dufferin,  Dufferin  Lodge,  Highgate,  and  Clandeboye, 
Co.  Down,  the  Rev.  Fred.  Smithe,  M.A.,  Churchdown,  Gloucester- 

shire, and  the  Rev.  W.  A.  Jones,  M.A.,  Taunton,  were  elected  Fellows. 

The  following  communication  was  read : — 

On  the  Succession  of  Rocks  in  the  Northern  Highlands, 
from  the  oldest  Gneiss,  through  strata  of  Cambrian  and 
Lower  Silurian  age,  to  the  Old  Red  Sandstone  inclusive. 
By  Sir  R.  I.  Murchison,  F.R.S.,  V.P.G.S.,  &c. 

[Abstract.] 
[The  publication  of  this  Memoir  is  postponed.] 

This  memoir  comprised  a  general  sketch  of  the  succession  of  the 
stratified  rock-masses  occupying  the  northernmost  counties  of  Scot- 

land (Sutherland,  Caithness,  and  Ross),  as  determined  by  former 
observations  of  Prof.  Sedgwick  and  the  author,  and  of  Macculloch, 
Jameson,  Cunningham,  Miller,  and  Nicol,  and  by  the  recent  disco- 

veries of  Mr.  C.  Peach.  In  the  commencement,  Sir  Roderick,  having 
referred  to  the  long-held  opinion  that  the  great  mountainous  masses 
of  red  conglomerate  and  sandstone  of  the  west  coast  were  detached 

portions  of  the  Old  Red  Sandstone,  alluded  to  Mr.  C.  Peach's  dis- 
covery (in  1854)  of  organic  remains  in  the  limestone  of  Durness, 

which  led  the  author  to  revisit  the  Highlands  (accompanied  by 
Prof.  Nicol),  when  having  found  still  more  fossils,  he  expressed  his 
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conviction  (at  the  British  Association,  Glasgow  Meeting,  1854) 
that  the  quartzites  of  Sutherland  and  their  subordinate  limestones 
were  of  Lower  Silurian  age  ;  and  was  strengthened  in  the  opinion 
(which  he  had  already  published)  that  large  portions  of  the  cry- 

stalline rocks  of  the  Highlands  would  prove  to  be  the  equivalents 
of  the  Lower  Silurian  deposits  in  the  South  of  Scotland.  In  1856 
Colonel  James  and  Prof.  Nicol  separately  observed  the  unconform- 

able overlap  of  the  great  conglomerates  by  the  quartzite  series ; 
and  the  latter  geologist  greatly  extended  all  previous  observations, 
and  communicated  to  the  Society  a  memoir,  showing  that  the  old 
gneiss  and  its  superposed  conglomerate,  as  seen  along  a  very  exten- 

sive region  of  the  western  coast,  formed  the  buttresses  upon  which 

all  the  crystalline  quartz-rock  and  limestone  of  the  western  parts  of 
Ross-shire  and  Sutherland  reposed.  At  the  same  time  Prof.  Nicol 
hypothetically  suggested,  that,  until  the  evidence  of  fossils  was  more 
complete,  the  quartzite  and  limestone  might  be  considered  as  the 
equivalent  of  the  Carboniferous  series  of  the  South  of  Scotland. 
Another  hypothesis,  which  had  been  propounded  by  the  late  Mr. 
Hugh  Miller,  regarded  the  quartz-rocks  and  hard  limestones  of 
Sutherland  merely  as  the  metamorphosed  representatives  of  the  Old 
Red  and  Caithness  series  of  the  Eastern  Coast. 

Roth  of  these  hypotheses,  however,  seemed  to  the  author  to  be 

incompatible  with  the  physical  order  of  the  rock-masses  in  question  ; 
for,  according  to  the  observations  made  long  ago  by  Prof.  Sedgwick 
and  himself,  the  above-mentioned  crystalline  rocks,  in  the  lower  part 
of  which  the  Durness  fossils  have  recently  been  found,  are  the 
inferior  members  of  the  great  undulating  mass  of  micaceous  and 
schistose  rocks,  which,  rolling  over  to  Caithness  on  the  east,  there 
constitute  the  basis  out  of  which  the  bottom  strata  of  the  Old  Red 

Sandstone  are  chiefly  formed. 
Of  late,  Mr.  Peach  has,  by  his  untiring  perseverance,  obtained  a 

still  larger  collection  of  fossils  from  Durness,  and  in  better  preserva- 
tion than  those  found  in  1854,  and  Mr.  Salter  finds  that  this  collec- 

tion of  well-defined  forms  comprises  genera  belonging  only  to  the 
Lower  Silurian  of  North  America.  Hence  all  doubt  is  now  dispelled ; 
and  the  author,  following  up  the  suggestions  which  he  offered  at  the 
Glasgow  Meeting  of  the  British  Association,  describes  in  the  present 
paper  these  rocks  and  their  fossils ;  defining  the  great  unfossiliferous 
conglomerate-masses  of  Sutherland  as  of  Cambrian  age,  the  quartz- 

ites and  limestones  as  Lower  Silurian,  and  the  overlying  micaceous 
and  gneissose  schists  and  flagstones  as  also  of  Silurian  age. 

In  the  body  of  the  memoir,  Sir  Roderick,  after  a  brief  notice  of 

the  "  fundamental  gneiss,"  described  the  "  Cambrian  red  sandstone 
and  conglomerate,"  alluding  to  the  faithful  descriptions  of  it  by  Hugh 
Miller  and  Nicol.  He  also  detailed  certain  subsequent  observations 
of  Colonel  James  and  Mr.  Peach  on  the  unconformity  of  these 
rocks  to  the  overlying  quartzites,  and  on  the  great  dislocations 
exhibited  in  these  masses  ;  and  he  also  noticed  the  discovery  of  a 
porphyry  between  the  gneiss  and  the  conglomerate  by  the  latter 
observer. 
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The  "  Lower  Silurian  rocks,  in  the  form  of  quartz-rock,  crystal- 
line limestone,  chloritic  and  micaceous  schists,  and  younger  gneiss," 

"were  then  described.  The  fossils  from  the  quartz-rock  consist  of 
small  annelide-tubes,  now  named  Serpulites  Maccullochii,  and  traces 
of  fucoids.  These  fossils  were  long  ago  noticed,  but  of  late  they  have 
been  traced  in  beds  for  great  distances  by  Mr.  Peach.  The  strong 
band  of  limestone  between  two  quartz-rocks  is  estimated  by  Colonel 
James  to  lie  about  800  feet  above  the  base  of  the  series,  and  is  of 

great  extent.  The  fossils  *  detected  in  it  have  been  determined  by 
Mr.  Salter  to  be  Maclurea  Peachii,  spec.  nov.  (and  its  curious  twisted 
operculum),  Ophileta  com.pacta,  well  known  in  Canada,  Oncoceras, 
spec,  and  Orthoceras,  a  smooth  species  with  a  compressed  siphuncle. 
They  all  closely  resemble  fossils  of  the  Lower  Silurian  rocks  of  North 
America,  which  range  from  the  Calciferous  rock  up  to  the  Trenton 

Limestone,  both  inclusive, — a  group  especially  to  be  found  in  the 
limestones  of  the  Ottawa  River  in  Canada. 

Passing  across  Ross-shire  in  a  more  southern  parallel,  from  Loch 
Duich  in  Kintail,  on  the  west,  to  the  frontier  of  the  Old  Red 

Sandstone  on  the  east,  the  general  succession  of  rocks  was  de- 
scribed to  be  much  the  same  as  that  in  North-west  Sutherland, 

though  there  are  considerable  changes  of  lithological  character  when 
the  same  rocks  are  followed  southwards  or  south-south-west  upon 
their  strike  ;  and  the  author  stated  his  belief,  that  not  only  may  the 
regularly  bedded  limestones  which  are  intercalated  in  the  chloritic 
and  quartzose  rocks  of  Dumbartonshire  be  classed  with  some  of  the 
oldest  of  those  stratified  masses  which,  like  the  limestones  of  Suther- 

land, are  unquestionably  of  Lower  Silnrian  age,  but  that  the  vast  and 
evidently  overlying  masses  of  mica-schist  and  quartzose-gneissic  flag- 
rocks  of  the  Breadalbane  district  may  be  some  day  found  to  be  simply 

the  prolongations  of  the  micaceous  flagstones  of  the  North-western 
Highlands  above  alluded  to,  as  overlying  the  quartz-rock  and  fossili- 
ferous  limestone  :  further,  that  in  the  still  higher  limestones  and 
schists  seen  on  the  banks  of  Loch  Tay,  we  may  speculate  on  the 
existence  of  the  equivalents  of  younger  and  higher  strata  than  any 
which  are  observed  in  the  Northern  Counties. 

After  some  observations  on  the  truly  stratified  condition  of  these 
micaceous  and  gneissose  schists  (younger  gneiss)  of  the  Highlands, 

Sir  Roderick  proceeded  to  the  consideration  of  the  "  Old  Red  Sand- 
stone of  the  North-east  of  Scotland," — defining  the  tripartite  division 

of  this  great  series,  and  demonstrating  that  the  beds  with  Cephalaspis 
Lyellii  and  Pterygotus  Anglic  us  of  Forfarshire  really  lie  at  the  base 

of  the  series,  and  are  certainly  of  greater  antiquity  than  the  bitumi- 
nous fossil-bearing  schists  of  Caithness.  This  division  is  in  accord- 
ance with  the  relations  of  the  deposits  of  the  Devonian  period,  as 

seen  in  Devonshire  and  Germany,  though  the  lowest  member  of  the 
Old  Red  of  Scotland  has  no  representative  in  the  Devonian  rocks  of 
Russia.  The  Caithness  flagstones  were  described  as  being  in  the 

middle  of  the  series  ;  whilst  the  underlying  conglomerates  and  sand- 

*  Twenty-three  in  all,  11  of  which  are  identical  with  American  forms. — 
Oct.  1858. 
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stones  were  shown  to  be  the  true  equivalents  of  the  Cephalaspis-beds of  torfarshire,  and  of  the  lower  cornstone-strata  of  Herefordshire 
which  there  graduate  downwards,  through  the  tilestones,  into  the uppermost  Silurian  rocks  of  Ludlow. 

The  Old  Red  rocks  of  the  North  Highlands  were  described  in 
some  detail  by  the  author,  who  showed  that  the  group,  as  seen  in Caithness  and  the  Orkney  Islands,  is  composed  of— 1st,  lower  red 
conglomerate  and  sandstones;  2nd,  grey  and  dark-coloured  flag- 
stones  and  schists,  both  bituminous  and  calcareous  (this  portion 
being  m  Elginshire  and  Murrayshire  represented  by  Cornstones)- and  3rd,  upper  red  sandstones.  The  North  Scottish  Old  Red  con- 

tains one  great  inferior  portion  which  has  no  representative  in  the 
Devonian  rocks  of  some  foreign  countries,  though  it  is  completely represented  m  all  its  parts  in  other  tracts  both  of  Britain  and  the Continent. 

Having  next  described  the  conditions  under  which  many  of  the 
species  of  fish  (at  least  twenty-one)  found  fossil  in  Caithness,  Cro- 

marty, and  Morayshire,  occur  in  Russia  commingled  with  the  middle Devonian  mollusks  of  Devon,  the  Boulonnais,  and  the  Rhine  and 
having  pointed  out  that  the  lowest  member  of  the  Devonian  series 
with  its  Cephalaspides,  is  wanting  in  Russia,  Sir  Roderick  insisted 
on  the  importance  of  the  Devonian  series  in  the  scale  of  forma- 

tions, and  on  the  fact  that  the  Old  Red  conglomerates,  ichthyolitic schists,  and  cornstones,  with  the  overlying  sandstones,  of  Scotland and  Herefordshire  fully  represent  in  time  the  Devonian  rocks  of  the 
fcouth  of  Eng  and  and  the  Continent,  so  full  of  corals,  crinoids,  and marine  mollusks. 

Some  brief  observations  on  the  Newer  Red  Sandstone  of  the  West 
Coast  of  Ross-shire,  and  the  Lias  and  Oolitic  deposits  of  the  North of  Scotland  and  the  Western  Isles,  concluded  this  paper 

February  10,  1858. 

ANNUAL  GENERAL  MEETING. 

[For  Reports  and  Address  see  the  beginning  of  this  volume.] 

February  24,  1858. 

T    Ashford  Sanford,  Esq.,  Nynehead  Court,  Somerset;    C.   E. 
Austen,  Esq.,  C.E    Grove  House,  Croydon ;  and  Thomas  R.  Polwhele, £sq.,  l*eol.  burv.  Great  Britain,  were  elected  Fellows. 

The  following  communications  were  read  :   

1.  On  the  Gradual  Elevation  of  the  Coast  of  Sicily  from  the mouth  of  the  Simeto  to  the  Onobola.     By  Gaetano  Giorgio 
Ltemmellaro.     Communicated  by  Sir  C.  Lyell,  F.R.S.,F.G.S. 

A  Recent  alluvial  soil  which  forms  the  plain  of  Catania  is  composed ot  rolled  blocks  (ciottoli)  of  sandstone,  limestone,  and  basalt,  with 
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clay  and  sand.  Volcanic  currents  from  Etna  more  or  less  recent,  all 

augitic, — basalt,  for  the  most  part  spheroidal  and  prismatic,  a  pleisto- 
cene formation  which  has  succeeded  to  that  of  the  Terre  Forte  of 

Catania,  ancient  prismatic  and  compact  currents  from  Etna,  recent 
alluvium  from  San  Tecla  to  Mascali,  formed  of  volcanic  felspathic 

and  augitic  rocks — these  elements  constitute  the  topography  of  the 
coast  of  Sicily  from  the  mouth  of  the  Simeto  to  the  Onobola. 

From  the  Simeto  to  the  Sciarra  del  Principe  it  is  difficult  to  find 
characteristic  features  in  the  recent  alluvium,  such  as  may  mark  the 
lapse  of  time.  The  Sciarra  del  Principe,  a  volcanic  current  of  1669  ; 
the  shore  at  Catania,  in  which  are  seen  pebbles  of  sandstone,  recent 

lavas,  and  fragmentary  matter ;  the  Sciarra  dell'  Armisi ;  that  of  the 
Crocifisso  of  Lognina;  the  current  of  1361,— these  form  the  coast 
to  the  neighbourhood  of  Lognina,  and  have  been  much  changed  from 
their  primitive  aspect,  these  materials  being  daily  used  in  the  con- 

struction of  the  mole  at  Catania. 

In  the  Scala  di  Lognina,  from  4  decimetres  to  1  metre  above  the 
level  of  the  sea,  among  great  blocks  of  lava  which  form  the  shore, 
one  may  observe  a  marine  breccia,  formed  of  small  blocks  of  sand- 

stone, augitic  lava,  and  fragmentary  matter,  cemented  together  by  a 
calcareo-siliceous  cement. 

From  Lognina  to  Aci  Castello,  the  volcanic  currents  which  form 
the  shore  present  nothing  of  interest.  Here  begins  the  basaltic 
current  which  came  to  the  surface  of  the  earth  before  the  pleisto- 

cene formation  ;  and  as  far  as  the  Capo  de'  Molini,  the  study  of  the 
coast  is  interesting  in  every  respect. 

From  the  Pietra  delle  Sarpe,  passing  by  the  cotello  to  the  cannito 
of  S.  Giuseppe,  the  front  of  the  volcanic  current  of  1169  has  a  very 
compact  structure,  and  forms  a  perpendicular  cliff,  showing  in  several 
points,  and  for  several  metres  in  height,  a  zone  of  corrosion,  depending 
on  the  chemico-mechanical  action  of  the  sea-water.  The  lava,  from 
the  upper  part  of  which  the  blocks  come  that  are  seen  along  the 
shore,  shows  itself  with  a  very  scoriaceous  and  irregular  surface  at 
the  height  of  from  8  decimetres  to  1  metre  above  the  level  of  the 
sea,  which  makes  one  suppose  that  the  igneous  current  must  once 
have  touched  the  waters  of  the  sea.  Besides  this,  which  is  observed 
in  all  lavas  which  are  in  contact  with  the  waters,  it  appears  that  we 

may  also  add  the  presence  of  many  Se?'pulce,  which  indicate  that  the 
current  formerly  touched  the  sea- water,  and  that  it  still  preserves  its 
primitive  configuration. 

From  the  west  of  the  Cannito  of  S.  Giuseppe  to  the  basaltic  rock 
on  which  the  ancient  castle  is  built,  one  may  see  the  same  volcanic 
current,  which  covers  the  spheroidal  basalt,  metamorphosed  for  3 
decimetres  from  its  surface  of  contact.  The  south  side  of  the  rock, 

formed  entirely  of  spheroidal  basalt  and  piperino,  being  in  a  state  of 
decomposition,  falls  continually,  and  presents  nothing  that  is  in- 

teresting for  examination. 
To  the  north  of  the  rock  the  same  lava  of  1169  is  excavated  and 

corroded  at  different  heights  ;  and  at  2  metres  above  the  level  of 
the  sea,  we  find  adhering  a  coarse  shelly  sand,  in  which  may  be  dis- 
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tinguished,  almost  in  a  normal  position,  Cyprtea  lurida,  Lamk.,  Turbo 
rugosus  L.,  Patella  carulea,  Lamk.(?),  Patella  scutellaris,  Lamk., and  Balanus  balanoides,  Rang. 

Along  the  shore  from  the  Pietra  degli  Uccelli  northwards  there  are 
a  great  quantity  of  blocks  of  prismatic  lava,  some  of  the  size  of  4  to  7 
decimetres,  perfectly  rolled,  and  others  subangular,  masses  of  1  and 
3  cubic  metres,  to  which  adheres  a  shelly  calcareo-marine  deposit  of the  recent  epoch. 

These  blocks,  thus  rolled  and  subangular,  are  generally  corroded on  the  surface  by  the  chemical  action  of  the  chloride  of  sodium  of  the 
sea-water ;  and  this  condition  extends  for  many  metres  above  the sea-level  to  the  northern  side  of  the  provincial  road,  in  the  farm  of bignor  Zappola  and  of  Barone  Sisto.  Here  these  blocks  rest  on  the 
pleistocene  formation,  which  succeeds  to  that  of  the  Terre  Forte  of 
Catania,  and  which  is  seen  at  Cefali,  Leucatia,  S.  Paolo,  and  Catira  • 
they  are  generally  2  or  3  metres  in  thickness,  usually  corroded  like a  wasp  s  nest  on  the  surface. 

At  the  height  of  about  14  metres  above  the  level  of  the  sea  is  an 
oval  block,  well  rolled,  8  decimetres  long  and  4  wide,  encrusted  by 
berpulce.     At  a  few  paces  from  it  is  seen  another  block  of  prismatic lava  of  the  enormous  size  of  7  cubic  metres,  about  13  metres  above 
the  level  of  the  sea,  also  corroded  on  the  surface  by  sea-salt,  to  the 
northern  face  of  which  Serpulas  are  adhering;  and  in  a  crack  was 
found  a  shell,   which  I  believe  to  be   Cardita  calyculata,  Brug which  is  living  on  our  shores.     On  the  surface  of  the  soil  have  been 
found  many  shells  in  a  sub-fossil  state,  among  which  the  most  prevail- 

ing are  Trochus  fragraoides,  Lamk.,  Trochus  articulatus,  Lamk., 
Bonax  trunculus,  L.,  and  Patella  scutellaris,  Lamk.,  which,  although 
they  have  been  generally  referred  to  the  pleistocene  fauna,  must  be 
rather  considered,  as  Sir  C.  Lyell  pointed  out  to  me  on  the  spot,  as shells  of  the  more  modern  epoch  or  raised  coast. 

To  the  south  of  Aci  Trezza,  a  group  of  basalts  raise  their  crests 
above  the  sea,  and  are  commonly  called  the  Faraglioni,  or  Cyclopean 
rocks,  the  largest  of  which  is  called  the  Island,  or  Faraglione  grande, 
and  on  their  surface  they  have  clay  more  or  less  altered  by  the  intru- sion of  basalt. 

Beginning  an  examination  of  them  from  west  to  east,  we  first  see 
the  so-called  Faraglionelli  di  Passaggio,  which  are,  in  my  opinion,  the most  important  in  the  researches  in  which  I  am  occupied.     On  their 
sides  we  find  attached  large  pieces  of  a  calcareo-siliceous  shelly  marine deposit  of  the  actual  epoch,  of  which  the  highest  is  5  metres  6  deci- 

metres above  the  level  of  the  sea.     It  is  everywhere  bored  horizon- 
tally by  the  Modiola  lithophaga,  Lamk.,  which  is  sometimes  found 

entire,    and   sometimes   in   various  states   of   alteration.      Besides 
this,  I  have  also  found  adhering  the  Lima  squarrosa,  Area  Noce, 
Cardita  calyculata,  Spondylus  gcederopus,  Murex  trimcatus,  Den- 
talium  entale,  Ostrea  plicatula,  Vermetus  gigas,  Vermetus  triqueter 
and  many  Serpulce  identical  with  those  which  live  on  the  correspond- ing coast. 

The  Faraglione  of  the  Birds  (degli  Uccelli)  presents  also  on  its 
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sides  fragments  of  the  same  calcareo-siliceous  deposit,  but  less  exten- 
sive. On  the  east  side  there  is  one  patch  entirely  isolated,  which, 

after  great  labour,  I  reached,  up  the  perpendicular  ascent  of  the 
decomposed  rock.  I  measured  the  height,  which  is  1 1  metres  1 
decimetre  above  the  water.  This  fragment  (lembo),  which  marks 
one  of  the  greatest  heights  in  our  coast  above  the  sea  in  the  present 
epoch,  is  isolated  on  the  side  of  the  basalt ;  perhaps  because  the  rock, 
having  fallen  into  fragments,  may  have  carried  with  it  the  lower  part, 
which  was  its  base.  The  basalt  presents  no  lithophagous  shells  in 
its  structure ;  but  corrosion  is  seen  at  some  points,  which  depends, 
in  my  opinion,  on  the  action  of  external  agents,  and  chiefly  those  of 
the  salts  of  sea-water,  which  continually  tend  to  bring  it  down. 

The  Pialsagia  and  the  Faraglione  del  Mezio  have  also  on  their 
weathered  sides  patches  and  fragments  of  the  same  nature  ;  and  to 
the  west  of  this  last  such  patches  are  at  considerable  heights,  and  in 
the  zone  of  the  Modiola  lithophaga,  Lamk. ;  here  we  see  adhering 
a  very  large  Spondylus  gcederopus. 

The  Faraglione  grande  at  a  certain  height,  in  consequence  of  the 
continual  giving  way  of  its  prisms,  presents  nothing  of  interest  to 
the  observer ;  whilst  in  the  lower  part  we  find  patches  of  the  usual 
calcareous  deposit  4  to  6  metres  above  the  sea. 

In  the  island  we  find  interesting  phenomena.  On  its  sides  are 

many  fragments  of  the  calcareo-siliceous  shelly  deposit  more  or  less 
high  above  the  level  of  the  sea  ;  here  the  argiliolite  and  there  the 
basalt  show  a  zone  of  irregular  corrosion  some  metres  from  the  water. 
The  island  has  large  clefts,  almost  all  directed  from  north  to  south. 
In  the  most  western  of  these,  on  the  sides,  are  great  quantities  of 
patches  of  calcareo-siliceous  deposits,  similar  to  those  which  are  seen 
on  the  flanks  of  the  other  basaltic  rocks,  extending  from  the  level  of 
the  sea  to  the  height  of  7  metres  8  decimetres,  the  maximum.  These 
patches  are  horizontally  bored  by  the  Modiola  lithophaga,  Lamk., 
which  is  found  in  all  periods  of  its  organic  development ;  and  we  also 
find  great  part  of  the  littoral  shells  now  living  on  the  coast.  The 
argiliolite,  which  forms  the  sides  of  this  cleft  above  the  before-men- 

tioned patches,  is  also  bored  for  about  5  more  metres  by  the  Modiola 
lithophaga,  Lamk. ;  so  that  we  have  at  this  point  one  side  bored  by 
lithophagous  shells,  as  high  as  almost  13  metres  above  the  sea. 

In  the  great  eastern  cleft  we  find  a  marine  breccia,  formed  of  blocks 
of  augitic  lava,  basalt,  and  argiliolite,  at  the  height  of  from  4  to  6 
metres.  In  it  there  are  great  quantities  of  shells,  which  are  in  a  fine 
state  of  preservation  ;  among  these  many  are  adhering  to  the  breccia 
in  a  normal  position. 

Of  these,  the  following  species  are  identical  with  those  now  living 
on  our  shores : — Area  Noce,  L.,  Cardita  calyculata,  Lamk.,  Patella 
ccerulea,  Lamk.,  Fissurella  gibba,  Phil.,  Monodonta  corallina,  L., 
Buccinum  variabile,  Phil.,  Rissoa  calathisca,  Trochus  cingulatus, 
Brocchi,  T.  Adansonii,  Payr.,  Mitra  lutescens,  Lamk.,  Colombella 
rustica,  L.,  Turbo  neritoides,  L.,  Cyprcea  lurida,  L.,  Vermetus 
gig  as,  Biv.,  and  others. 

The  lateral  walls  of  these  clefts  are  bored  by  Modiola  lithophaga 
VOL.  XIV.   PART  I.  2l 
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regularly  and  horizontally,  which  holes  are  seen  at  the  height  of 
about  9  metres  above  the  sea-level. 

Along  the  shore  from  Aci  Trezza  to  Capo  de'  Molini  we  may  con- 
tinually observe,  at  the  height  of  from  3  to  5  metres,  large  blocks  of 

prismatic  lava  and  basalt,  rolled  and  blunted,  the  calcareo-siliceous 
shelly  deposit,  and  marine  breccia,  formed  of  pebbles  (ciottoli)  of 
augitic  lava,  of  basalt,  and  sandstone,  and  of  gasteropodous  and  lamel- 
libranchiate  shells. 

From  this  place  to  Aci  Reale,  the  recent  volcanic  currents  do  not 
present  any  phenomena  of  interest.  On  the  shore  of  the  cliff  of  the 
Scalazza  of  Aci  Reale,  we  find  large  blocks  of  compact  augitic  lava 
more  or  less  rolled  and  rounded,  which  have  generally  the  surface 
corroded  by  the  action  of  chloride  of  sodium  and  other  salts  of  the 
sea-water.  We  likewise  find  in  this  place,  among  the  blocks,  the 
calcareo-siliceous  deposit,  which  extends  upon  them  from  2  to  4 
metres  in  height ;  and  the  immense  current,  which  forms  the  wonder- 

ful Grotto  delle  Colombe,  shows  a  zone  of  erosion  several  metres  in 
height. 

The  shore  of  S.  Tecla  is  almost  entirely  formed  of  recent  alluvium, 
the  materials  of  which  are  pebbles  of  felspathic  and  augitic  lava  of 
various  sizes.  Then  come  volcanic  (augitic)  currents  from  Etna,  more 

or  less  recent ;  and  lastly,  from  Prajola  to  the  Onobola  a  great  allu- 
vial deposit  extends  along  the  shore. 

Now  from  these  observations  we  may  discern — 
1st.  That  from  the  shores  of  the  Simeto  to  the  Onobola  we  find 

from  place  to  place  undeniable  characters  of  the  ancient  levels  of  the 
sea  in  the  recent  epoch. 

2nd.  That  the  great  blocks  with  blunted  angles,  rolled,  and  cor- 
roded on  the  surface,  the  calcareo-siliceous  shelly  deposit,  and  the 

marine  breccia,  which  are  seen  at  different  heights  above  the  level  of 
the  sea,  are  the  effect  of  the  continued  and  daily  action  of  the  waves 
of  the  sea. 

3rd.  That  the  existence  and  disposition  of  the  holes  of  the  Modiola 

lithophaga,  Lamk.,  in  the  calcareo-siliceous  shelly  deposit,  and  the 
normal  position  of  the  shells,  both  gasteropod  and  lamellibranchiate, 
make  one  suppose  a  slow  and  gradual  elevation  of  the  coast. 

4th.  Lastly,  that  the  Lithophagce  and  the  calcareo-siliceous  deposit 
being  found  on  several  islands  and  on  the  Faraglione  of  the  Birds  up  to 
the  height  of  almost  13  metres,  and  on  the  shore  of  the  Pietra  degli 
Uccelli  there  being  large  blocks  of  lava,  blunted,  rolled,  and  invested 
with  Serpulce  to  the  height  of  14  metres,  we  may  establish  the  mean 

height  to  be  13  metres  and  5  decimetres, — the  greatest  height  of  the 
now  undeniable  gradual  elevation  of  the  coast  of  Sicily  from  the 
Simeto  to  the  Onobola  during  the  present  period. 
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2.  On  Fossil  Shells  and  Striated  Boulders  at  High  Levels 

in  Scotland.  By  Thomas  F.  Jamieson,  Esq.  In  Letters 
addressed  to  Sir  R.  I.  Murchison,  V.P.G.S.,  &c. 

[As  the  notices  read  before  the  Meeting  from  these  letters  are  fully  detailed  by 
Mr.  Jamieson  in  a  Paper  received  shortly  afterwards,  the  latter  is  here  printed  in 
full.] 

On  the  Pleistocene  Deposits  of  Aberdeenshire.  By  T.  F. 
Jamieson,  Esq.     Communicated  by  James  Smith,  Esq.,  F.G.S. 

In  the  lower  districts  of  Aberdeenshire,  all  along  the  coast,  we  find 
the  rocks  almost  entirely  hidden  by  a  clothing  of  superficial  matter, 
varying  in  quality  from  fine  clay  to  stony  earth,  loose  shingly  gravel, 
and  sand.  In  some  places  this  covering  is  of  great  depth,  exceed- 

ing even  100  feet  in  thickness,  and  is  most  developed  in  wide  basin- 
shaped  tracts,  where  the  rock  sits  low.  Much  of  it  seems  to  have 
been  gradually  accumulated  under  the  waters  of  a  former  sea,  and, 
when  now  exposed  to  the  light  of  day,  presents  a  series  of  stratified 
layers  of  silt,  sand,  and  clay,  occasionally  disposed  in  laminae  as  thin 
as  paper. 

A  careful  search  now  and  then  discloses  traces  of  marine  shells 

scantily  dispersed,  either  in  the  shape  of  broken  fragments  or,  more 
rarely,  in  a  perfect  condition — bivalves  entire  and  shut,  with  the 
delicate  skin  or  epidermis  in  complete  preservation,  apparently  in 
the  spot  where  the  animals  had  lived  and  died.  In  other  places, 
however,  we  find  large  boulders,  and  blocks  sometimes  of  gigantic 
size,  together  with  deposits  the  character  of  which  cannot  be  accounted 
for  by  the  causes  at  present  operating  on  our  coast. 

Commencing  at  the  southern  boundary  of  the  shire,  I  shall  proceed 
north,  sketching  the  features  of  the  coast  as  I  go  along. 

At  the  mouth  of  the  River  Dee  the  denuded  remains  of  these  beds 

are  found  on  both  sides  of  the  stream  ;  and  at  the  Torry  brickwork 
on  the  southern  side,  the  succession  of  strata  is  as  follows  : — 

1 .  Shingle,  or  coarse  water-worn  gravel,  irregularly 
bedded        7  feet. 

2.  Finely-laminated  clay,  varying  in  colour  from 
yellowish-brown  to  red  and  bluish-grey.    Con- 

tains some  thin  seams  of  fine  sand      22  feet. 

3.  Gravel ;  depth  unascertained. 

No  organic  remains  appear  to  have  been  got  in  this  excavation, 
the  base  of  which  is  probably  rather  below  the  present  sea-level.  At 
the  bottom  of  the  uppermost  gravel-bed,  and  resting  between  it  and 
the  subjacent  clay,  I  saw  an  angular  boulder  of  quartzose  gneiss,  be- 

tween two  and  three  feet  in  length.  None  were  seen  by  me  in  the  clay 
itself;  but  the  manager  of  the  work  told  me  that  they  are  occasionally 
found  in  all  the  beds.  I  suspect  they  must  be  of  small  size,  for  I 
saw  no  large  blocks  lying  about  the  place. 

At  another  brickwork,  on  the  opposite  side  of  the  river,  the  series 

of  beds,  commencing  also  at  the  surface,  is — 
2  l2 
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Feet. 

1 .  Water-worn  gravel  and  sand, 
stratified         12 

2.  Alternating    seams    of  fine 
sand  and  brownish  clay, 
the  layers  very  numerous 
and  somewhat  undulating  20 

The  clay  gets  redder  to- 
wards the  lower  part,  and 

passes  down  into 
3.  A  mass  of  fine  brick-red  clay  1 7 
4 .  Fine  light-greyish  clay,  with 

thin  seams  of  sand    ....     10 

5.  Sand  and  gravel  irregularly 
disposed       10 

6.  Strata  of  fine  pale-greyish 
clay,  laminated  and  con- 

taining seams  of  small 
sand      20 

7.  Fine  sand ;  depth  unascer- 
tained. 

In  the  mass  of  red  clay  the 
skeleton  of  a  bird  was  obtained 

about  twelve  years  ago.  It  is  now 
in  the  museum  of  the  Marischal 

College,  Aberdeen,  where  it  is 
ticketed  as  the  bones  of  a  duck. 

I  have  not  seen  any  shells  or  other 
organic  remains  from  this  excava- 

tion ;  but  the  workmen  told  me 
that,  a  few  years  ago,  they  had 
found  in  the  lowermost  clay-strata 
the  remains  or  impression  of  what 
they  thought  were  fossils,  but 
nothing  that  would  bear  removal. 
No  boulders  or  large  stones  were 
seen  by  me  in  any  part  of  this 
excavation  ;  the  clay-strata  are,  in- 

deed, remarkably  devoid  of  stones 
and  pebbles  of  every  kind. 

The  bottom  of  the  cutting  is  a 

little  below  the  present  high-water 
mark. 

The  greater  part  of  the  city  of 
Aberdeen  appears  to  stand  on  this 
gravel-covered  clay ;  and  some 
borings  for  Artesian  wells,  at- 

tempted in  different  parts  of  the 
town,  reveal  its  connection  with 
the  sub  jacent  rock. 
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I  have  obtained  the  following  account  of  the  most  interesting  of 
these  bores.     One  sunk  at  the  Woolman  Hill  pierced  through — Feet. 

1 .  Vegetable  mould           6 
2.  Grey  or  bluish  clay         18 
3.  Sand  and  shingle         20 
4.  Light  blue  clay           6 
5.  Rough  sand  and  shingle          3 
6.  Old  Red  Sandstone  conglomerate    ....     115 
7.  Alternating  strata  of  compact  red  sand- 

stone and  clay            74 
8.  Mica  slate          9 

Another,  executed  by  Messrs.  Richards  and  Co.,  disclosed  the 

following  beds : — Feet. 

1 .  Moss  and  black  earth         18 
2.  Gravel  and  small  stones            14 

3.  Reddish  clay          5 
4.  Loose  sand  and  clay          6 
5.  Rock,  mostly  granitic      132 

To  the  north  of  Aberdeen  the  coast  is  low,  with  a  sandy  beach  all 
the  way  to  the  River  Ythan. 

Between  the  mouths  of  the  Dee  and  Don  the  surface  is  generally 
occupied  by  coarse  water-rolled  gravel  and  shingle,  which  frequently 
assumes  the  form  of  large  irregular  mounds  and  hillocks,  such  as 
the  Broad  Hill,  the  Powder-magazine  Hill,  and  others.  This  gravel, 
so  far  as  my  observation  goes,  is  found  to  rest  upon  fine  strata  of 
clay  and  sand,  occasionally  exposed  in  cuttings  at  the  outskirts  of 
the  town.  For  instance,  at  the  Seaton  Brickwork,  near  the  River 

Don,  the  following  section  is  got : — 
Feet. 

Gravel        3 

Fine  clay  of  a   yellowish-brown  or  bluish-brown 
hue ;  contains  some  thin  seams  of  sand       16 

Sand  and  gravel ;  depth  unascertained. 

The  bottom  of  this  section  is  also  about  the  sea-level.  No  shells 
appear  to  have  been  found  here.  These  brickworks  are  generally 
established  at  a  spot  where  the  gravel-covering  is  thin,  in  order  to 
avoid  the  expense  of  reaching  the  clay. 

Keeping  still  close  to  the  sea,  we  find  another  excavation  for  clay 
about  2\  miles  to  the  north  of  the  River  Don,  at  a  place  known  by 
the  name  of  the  Black  Dog.     Here  the  cutting  discloses — 

Feet. 

Coarse  gravel  and  shingle,  water-rolled        4 
Fine  strata  of  clay  and  sand,  disposed  in  undu- 

lating layers  ;  contain  broken  shells   ........    11 
Sand  ;  depth  unknown. 
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The  clay  varies  in  colour  from  brick-red  to  a  dull-greenish  tint, 
and  predominates  over  the  sand,  which  is  of  fine  quality  and  brownish 
colour.  The  shells  that  occur  in  some  of  the  seams,  although  ap- 

parently all  in  a  broken  or  comminuted  state,  yet  often  retain  their 
glossy  surface.  Those  which  I  found  were  in  very  small  fragments  ; 
amongst  them,  however,  I  could  recognize  the  Cyprina  Islandica, 
Tellina  solidula,  Saxicava  rugosa,  Cardium  echinatum,  and  a  species 
of  Astarte ;  and  doubtless  others  occur.  No  boulders  were  seen 
in  these  beds  of  sand  and  clay.  The  meeting  of  the  upper  bed  of 
gravel  with  the  clay  forms  a  distinct  horizontal  line,  the  two  masses 
not  mingling  where  they  join.  The  section  here  is  also  not  much 
above  the  sea-level,  although  somewhat  higher  than  the  last. 
■  Large  irregular  mounds  and  straggling  narrow  ridges  of  coarse 
gravel  abound  in  this  locality,  known  by  the  name  of  the  Hills  of 
Fife.  I  have  not  met  with  any  shells  in  this  gravel,  the  base  of 
which  seems  to  rest  on  the  stratified  beds. 

A  little  further  on,  and  we  come  to  the  Burn  of  Millden,  along 
the  banks  of  which  we  again  find  the  stratified  clay  and  sand  crop- 

ping out.  A  section,  the  base  of  which  is  probably  not  more  than 
three  feet  above  high- water  mark,  shows  some  16  feet  of  alternating 
layers  of  pure  red  clay  and  fine  greyish  sand,  quite  devoid  of  all 
stones.  These  strata  are  arranged  horizontally,  and  terminate  some- 

what abruptly  towards  the  sea.  Their  surface  indicates  considerable 
denudation  ;  and  on  the  top  of  one  of  the  banks,  lodged  amongst 
the  bent-covered  sand  which  drifts  off  the  adjoining  beach,  I  found 
two  or  three  boulders  of  gneiss,  granite,  and  syenitic  greenstone, — 
the  largest  not  exceeding  3^-  feet  in  diameter.  Some  boulders  of 
granite  and  trap  occur  also  in  the  bed  of  the  stream.  These  may 
have  been  left  by  the  agency  which  denuded  the  clay. 

A  short  distance  further  up  the  stream,  and  at  a  height  of  pro- 
bably not  more  than  nine  or  ten  feet  above  the  sea,  there  is 

a  very  small  patch  of  what  appears  to  be  the  Old  Red  Sandstone 
conglomerate,  but  quite  smothered  beneath  a  heavy  mass  of  the 
stratified  sand  and  clay. 

Mounds  and  ridges  of  coarse  ferruginous  shingle  and  gravel,  all 
water-rolled,  come  nearly  close  up  to  the  top  of  these  banks,  as  if 
superimposed  abruptly  on  the  stratified  beds, — while,  a  little  further 
north,  some  small  cuttings  occasionally  show  the  gravel  overlying 
fine  red  clay. 

The  great  mass  of  shingle,  however,  retreats  inland  a  short  dis- 
tance here,  returning  towards  the  beach  at  Menie,  from  whence  it 

may  be  traced,  with  hardly  any  interruption,  to  the  mouth  of  the 
Ythan, 

In  the  neighbourhood  of  Hopeshill  the  fields  abound  with  large 
boulders,  mostly  of  syenitic  greenstone  and  other  varieties  of  trap, 
similar  in  quality  to  rock  in  situ  a  few  miles  to  the  west.  Near  the 
Menie  Coast-guard  Station  I  found  these  large  boulders  of  trap, 
granite,  and  gneiss  resting  on  the  top  and  surface  of  the  gravel- 
ridges  (fig.  2),  some  of  them  measuring  six  feet  in  length,  and  more 
or   less    rounded  in   form :    I    traced  them  also  amongst  the   low 
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hillocks  of  blown  sand  overgrown  with  bents,  which  margin  the  beach, 
occurring  sometimes  singly,  sometimes  in  clusters,  and  of  various 
sizes  up  to  1 1  or  12  feet  in  length.  Their  surfaces  are  either  rounded 
or  rugged,  scarcely  ever  angular,  while  in  mineral  character  they  are 
generally  of  greenstone  and  syenite. 

Fig.  2. — Diagram  showing  the  position  of  the  Boulders  at  the  top 
and  on  the  surface  of  the  Gravel-mounds  at  Menie  Coast-guard Station. 

In  a  field  on  the  farm  of  Drums  a  gigantic  boulder  of  granite 

occurs,  known  as  "  the  Grey  Stane."  I  found  it  to  measure  54  feet 
in  circumference,  with  a  height  of  about  7  feet  above  the  ground. 
It  has  no  sharp  angles,  and  most  of  its  exterior  is  rounded.  Another 
immense  block,  also  apparently  a  transported  mass,  is  seen  lodged 
in  the  surface  of  a  field  near  Menie.  I  found  it  to  be  78  feet  in 

circumference,  and  projecting  6  feet  out  of  the  ground.  It  is  a 
coarse-grained  greenstone. 

Drums  seems  to  take  its  name  from  these  tumuli  and  hillocks 

of  gravel, — Druim  in  the  Celtic  language  meaning  a  ridge  or  little 
hill,  and  being  of  frequent  application  in  the  names  of  places. 

I  found  these  ridges  to  consist  of  highly-rolled  fragments  of  rock 
of  all  sizes,  from  coarse  gravel  up  to  boulders  2  feet  in  diameter. 
Those  of  gneiss  are  perhaps  most  numerous,  often  of  a  hard,  tough, 
crystalline  nature,  yet  much  worn  and  rounded,  showing  the  great 
attrition  which  they  have  undergone.  Granite,  both  grey  and  red, 
is  also  plentiful,  and  lumps  of  serpentine  occasionally  occur,  with 
other  varieties  of  trap  ;  but,  besides  these,  there  are  a  good  many 
rounded  fragments  of  red  sandstone  in  several  places,  both  at  Drums 
and  near  Menie.  On  the  top  of  one  of  these  gravel-ridges,  a  little 
to  the  north  of  Drums,  I  found  a  boulder  of  coarse  crystalline  rock, 
of  a  greenish  tint,  measuring  8  feet  in  length  by  5  in  breadth. 
No  sharp  angles  occur  on  its  surface.  A  layer  of  red  clay,  about 
9  inches  thick,  overlies  the  gravel  at  this  spot ;  and  I  found  traces 
of  a  similar  clay  covering  the  gravel  at  Drums.  This  boulder  rested 
immediately  upon  the  gravel;  but  the  clay  encircled  its  base.  An- 

other large  boulder  of  greenstone  lay  beside  it ;  and  many  other 
blocks  were  observed  in  the  adjoining  fields. 

Here,  then,  are  clear  instances  of  large  transported  boulders  sitting 
on  the  top  of  these  abrupt  ridges  of  water-worn  shingle.     It  seemed 
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rather  remarkable  to  me  that  I  had  never  met  with  any  of  these 
larger  blocks  imbedded  in  the  gravel  itself;  nothing  larger  than  2 
or  2\  feet  in  diameter  has  occurred  to  me.  I  have,  however,  been 
informed  by  workmen  that  they  do  occasionally  find  boulders  even 

of  very  large  size  in  the  interior  of  these  gravel-mounds. 
Reaching  the  estuary  of  the  Ythan,  we  find  the  coast  much 

encumbered  by  great  heaps  of  drifted  sand ;  and  tradition  relates 
that  a  small  parish,  called  Forvie,  was  here  suddenly  overwhelmed 
by  the  sandy  drift.  Coarse  gravel  and  stony  earth  generally  cover 
the  surface,  on  piercing  through  which,  however,  the  stratified  beds 
are  often  exposed  at  the  lower  levels.  For  instance,  on  the  north 
side  of  the  estuary,  at  Westfield  of  Auchmacoy,  the  following  section 

has  been  laid  open  : — 

Feet.  • 

1 .  Gravel  and  coarse  water-worn  shingle         3 
2.  Strata  of  fine  clay,  varying  from  red  to  pale  grey, 

with  occasional  seams  of  fine  sand    7 

3.  A  layer  of  gravel       0£ 
4.  Pure  red  clay    2 
5.  Gravel;  depth  unascertained. 

The  bottom  of  this  section  is  rather  below  high-water  mark. 
Fragments  of  shells  occur  occasionally  in  the  sandy  seams,  chiefly 

in  No.  3.*  Up  beside  the  dwelling-house,  at  a  level  of  probably 
50  feet  higher,  in  sinking  a  well,  the  layers  passed  through  were — 

Feet. 

1 .  Shingle  and  coarse  gravel          3 
2.  Coarse  red  clay,  containing  small  fragments  of  stone     9 
3.  Fine  brownish  sand,  quite  devoid  of  all  stones  or 

gravel        26 

The  bottom  of  this  sand  was  not  reached  ;  and  no  water  was  got. 

Finely -laminated  clay,  I  find,  occurs  up  the  valley  of  the  Ythan  for 
some  miles,  but  is  seldom  exposed  to  view.  In  sinking  a  well  in 

the  village  of  Ellon,  4i  miles  inland,  the  beds  exposed  were — Feet. 

Coarse  water-worn  gravel      11 
Fine  laminated  clay,  varying  in  colour  from  brick-red 

to  pale-greenish  grey        33 

This  clay  was  not  passed  through,  so  that  its  depth  was  not  ascer- 
tained ;  and  the  bottom  of  the  bore  here  would  also  be  about  as  low 

as  the  sea-level. 
Along  the  south  bank  of  the  Ythan,  below  Ellon,  the  same  fine 

stratified  clay  occurs,  covered  by  masses  of  water-worn  gravel,  and 
sometimes  by  a  stratum  of  stony  earth,  full  of  boulders  of  all  sizes, 

*  Since  the  above  was  written,  I  have  obtained  the  fragments  of  what  seems 
to  be  the  skull  of  a  Common  Seal  (Phoca  Vitulina,  Linn.),  from  the  layer  of  red 
clay  No.  4.— October,  1858.    T.  F.  J. 
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up  to  a  weight  of  about  a  ton  and  a  half,  and  of  a  mineral  character 
similar  to  rocks  which  occur  further  up  the  valley. 

•    Fig.  3. — Section  at  Collieston  Coast-guard  Station. 

a.  Clay.  b.  Sandy  strata.  c.  Gneiss. 

About  a  couple  of  miles  to  the  north  of  the  River  Ythan  the 
sandy  beach  gives  way  to  a  rocky  coast  of  gneiss  and  mica-schist, 
which  continues  without  interruption  to  the  Bay  of  Cruden,  a  dis- 

tance of  more  than  five  miles.  These  cliffs  very  commonly  present 
a  face  from  60  to  100  feet  high  towards  the  sea:  where  the  rock 
itself  attains  this  elevation  it  is  generally  destitute  of  superficial 
covering,  or  has  sometimes  a  thin  layer  of  coarse  clay ;  where, 
however,  the  rock  sits  low,  the  additional  height  is  made  up  of 
grassy  banks,  which  appear  to  be  composed  of  red  clay  and  sand, 
stratified,  frequently  in  an  undulating  manner.  Owing  to  the  grassy 
surface,  the  interior  of  these  banks  is  seldom  disclosed  by  any  good 
section.  At  the  Collieston  Coast-guard  Station  (fig.  3),  however,  a 
slip  has  laid  the  mass  open  from  top  to  bottom,  showing — 

Feet. 

1.  Red  clay,  devoid  of  stones,  but  without  any  strati- 
fication-lines apparent      17 

2.  Strata  of  the  finest  sand,  varying  in  colour  from 

pale  brownish-grey  to  reddish      56 
3.  Gneiss-rock,  covered  by  a  foot  or  so  of  its  own 

debris      30 

The  sandy  strata  lie  horizontally  with  some  gentle  undulations: 

they  are  quite  devoid  of  all  stones,  pebbles,  or  coarse  gravel.  In 
some  small  seams  of  coarser  sand,  near  the  bottom  of  the  mass,  I 

found  traces  of  broken  shells,  but  so  comminuted  as  to  render  any 

knowledge  of  the  species  unattainable.  The  junction  of  the  clay 

and  sand  forms  a  line  nearly  horizontal ;  and  the  sea-waves  wash  the 
foot  of  the  rock. 

At  a  cliff,  a  mile  or  so  to  the  north  of  Collieston,  some  slips  show 
that  the  gneiss  is  covered  by  30  or  40  feet  thick  of  strata,  composed 
almost  entirely  of  fine  sand  varying  in  hue  from  red  to  grey.     Some 
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seams  of  pebbly  gravel  occur  in  several  places,  interstratified  with 
the  fine  sand  in  undulating  layers.  These  gravelly  seams  contain 
fragments  of  broken  shells,  amongst  which  I  could  distinguish  the 
hinge  of  the  Cy prima  Islandica,  also  bits  of  smaller  Pectens  and 
pieces  of  a  bivalve  shell,  ornamented  with  fine  radiating  striae  be- 

tween the  growth-lines.  Along  with  these  shells  there  occur  also 
many  small  bits  of  grey  and  yellow  limestone,  which  appear  to  have 
been  derived  from  secondary  formations. 

All  along  the  coast  of  Slains,  the  mass  of  sandy  strata  seems  to 

rest  directly  upon  the  gneiss-rock,  without  the  intervention  of  any 
other  deposit.  Sometimes  the  top  of  the  bank  consists  partly  of 
fine  red  clay,  occasionally  interstratified  with  the  sand. 

No  large  boulders  are  seen  in  these  strata ;  but  large  boulders 
occur  in  the  fields  immediately  back  from  the  brink  of  the  cliffs, 
as  if  resting  on  the  surface  of  the  deposit.  These  blocks  are  of 
greenstone,  gneiss,  and  granite. 

Further  north,  towards  the  Bay  of  Cruden,  the  rocks  get  higher, 
and  the  Pleistocene  deposits  retire  from  the  cliffs,  which  are  gene- 

rally bare.     The  gneiss  is  thrown  into  long  undulations,  and  gets 
more  contorted  and  altered  in  texture  as  it  approaches  the  granite, 
which  first  shows  itself  at  the  southern  side  of  the  Bay  of  Cruden. 
At  the  bay  itself  the  rocks  disappear,  and  a  low  expanse  of  drifted 
sand  is  backed  by  steep  grassy  banks,  which  appear  to  be  composed 
almost  entirely  of  Pleistocene  beds.     These  banks  attain  a  height  of 
about  120  feet  above  high-water  mark,  presenting  a  steep  front  to 
the  sea.     Their  base  is  perhaps  10  or  12  feet  above  the  sea-level. 
No  good  section  reveals  the  structure  of  these  slopes ;  but  near  the 
top  of  one  of  them,  about  5  feet  of  coarse  red  clay  is  seen  rest- 

ing on  fine   soft  sand,  of  a  reddish-brown  tint,  indistinctly  strati- 
fied, and  quite  free  from  stones.     The  clay  shows  no  stratification- 

lines,  and  contains  pebbles  of  greenstone,  granite,  quartz,  &c,  more 
or  less  rounded.     I  picked  out  one  fragment  about  5  inches  long, 
smoothed  on  one  side,  and  covered  with  many  striae  in  different 
directions.    Towards  the  northern  side  of  the  bay  these  banks  appear 
to  have  suffered  denudation,  and  are  much  lower  and  more  undu- 

lating.    A  section,  18  feet  deep,  shows  fine,  soft,  reddish  sand,  con- 
taining several  thin  seams  of  red  clay.     Following  up  the  Burn  of 

Cruden,  deep  masses  of  fine  sand  and  clay  appear  to  occupy  the 
ground  on  both  sides  ;  and  at  Ardiffery  we  find  the  stream  flowing 
along  the  foot  of  steep  banks  about   130  feet  high,  and  the  ground 
slopes  up  behind  perhaps  20  feet  higher,  making  a  total  height  of 
150  feet.     These  banks  appear  to  be  composed,  to  their  very  base, 
of  sand  and  clay.     The  stream  here  cannot  be  many  feet  above  high- 
water  mark — perhaps   15  feet.     No  deep  extensive  section  occurs ; 
but  slips  in  various  places  reveal  the  structure  of  the  mass  almost 
from  the  top  to  the  bottom.  The  lower  part  of  the  bank,  to  the  height 
of  about  20  feet  above  the  stream,  is  concealed  by  the  low  slope  of 
the  ground,  beyond  which  several  small  sections  disclose  regular 
horizontal  strata  of  very  fine  sand,  mostly  of  a  pale-grey  tint,  but 
occasionally  reddish.     Amongst  this  sand  there  occur  a  few  thin 
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layers  of  fine  brick-red  clay.  The  appearance  of  these  sandy  strata, 
deep  down  in  this  bank,  very  closely  resembles  the  lower  part  of  the 
cliff  at  Collieston  ;  and  in  like  manner  I  found  them  to  contain  mi- 

nute fragments  of  shells.  A  shell,  said  to  have  been  obtained  in 
these  banks,  is  in  my  possession,  which  I  received  from  Mr.  Dawson 
of  Cruden.  It  appears  to  be  the  Mangelia  turricola  of  Forbes  and 
Hanley,  and  is  somewhat  water-worn,  although  almost  entire.  The 
only  stone  of  any  kind  which  I  found  in  these  sandy  layers  was  a 
small  pebble  of  flint.  The  strata  here  are  horizontal,  not  undulated, 
but  often  finely  rippled. 

Higher  up,  the  sandy  strata  seem  to  be  of  a  more  reddish  hue, 

containing  seams  of  red  clay ,-  and  some  coarser  stuff,  with  boulders, 
appears  to  occur  occasionally,  as  if  it  had  slipped  down  in  some 
places.  The  upper  part  of  the  bank  is  not  exposed  by  any  good 
section,  but  seems  still  sandy ;  while  higher  up  still,  where  the 
ground  slopes  back,  there  is  some  coarse  gravel  or  stony  stuff  ex- 

posed at  the  side  of  the  adjacent  fields. 
These  Pleistocene  deposits,  although  still  of  great  depth  in  this 

locality,  have  no  doubt  been  worn  down  and  washed  away  to  some 
extent  during  the  course  of  events  which  intervened  betwixt  the 
period  of  their  deposition  and  the  last  movement  of  elevation.  This 
denuding  agency,  in  cutting  down  the  stratified  beds,  must  have 
thrown  their  materials,  together  with  other  debris,  into  positions 
which  are  now  difficult  to  be  explained.  It  will  be  safest,  therefore, 
to  rest  any  theories  upon  good,  clear,  extensive  sections,  where  this 
disturbing  element  can  work  no  mistake. 

To  the  north  of  Cruden  Bay  the  coast  is  composed  of  red  granite 
all  the  way  to  Peterhead,  forming  cliffs  from  70  to  150  feet  high, 
and  upwards.  The  top  of  these  rocks  is  more  or  less  bare,  and 
destitute  of  any  considerable  covering  of  loose  matter.  In  some 
places  a  depth  of  3  to  4  feet  of  clay  and  stony  rubbish  occurs ;  and 
it  is  worthy  of  note  that  the  stony  debris  is  not  made  up  of  granite, 
but  of  the  detritus  of  slaty  gneiss,  with  varieties  of  porphyry  and 
quartz  :  sometimes  a  few  bits  of  red  sandstone  may  be  found.  Some 
slight  difference  may  be  occasionally  remarked  in  this  superficial 
mass,  the  upper  part  being  less  stony,  and  of  a  red  colour,  more  of 
the  nature  of  red  clay,  while  the  lower  portion  next  the  granite  is 
little  else  than  a  mass  of  small  stony  debris,  the  fragments  mostly 

angular  or  little  worn,  although  there  are  also  many  rounded  peb- 
bles. One  large  boulder  of  red  granite,  perhaps  6  feet  in  diameter, 

I  noticed  amongst  this  stony  stuff,  resting  on  the  top  of  a  narrow 
precipitous  ridge  jutting  out  into  the  sea,  immediately  south  of  the 
Bullers  of  Buchan. 

To  the  north  of  the  Buchan  Ness  the  rocks  sink  down  to  a  low 

height,  and  in  some  places  disappear,  and  the  Pleistocene  deposits 
again  show  themselves.  No  good  section  is  seen,  however,  except  at 
Invernettie,  where  a  brick-  and  tile-work  has  long  been  established. 
The  excavations  are  made  in  the  face  of  a  bank,  which  rises  up 
from  the  sea-beach  to  a  height  of  nearly  50  feet.  I  found  its 
structure  to  be  as  follows  : — 
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Feet. 

1 .  Blackish  loamy  earth        1 
2.  Reddish-brown  clay,  apparently  devoid  of  stratifi- 

cation or  lamination,  and  containing  stones  of 
various  kinds,  and  of  all  sizes  up  to  A\  feet  in 
diameter ;  often  striated  and  grooved  on  the  sur- 
face   30  to  40 

3.  Clay  of  a  brick-red  colour  and   finer  nature,  and 
apparently  free  from  boulders           1  to     2 

4.  Very  fine,  laminated,  dark-brownish  clay,  quite  free 
from  stones      2  to     4 

5.  Fine  brownish-grey  sand,   devoid  of  all  stones  or 
pebbles  of  any  kind  :  the  bottom  of  it  has  not 
been  reached ;  but  it  has  been  penetrated  to  a 
depth  of        20 

The  foreman  of  the  work  told  me  that  this  finely-stratified  clay 
and  sand  had  occurred  regularly  at  the  base  of  the  bank  all  along, 
covered  deeply  by  the  coarser  clay  with  boulders.  The  fine  sand 
at  the  base  of  the  bank  must  extend  beneath  the  sea-level.  The 

stones  which  I  found  in  the  deep  mass  of  boulder-clay  were  of 
granite — both  red  and  grey,  crystalline  schist  of  different  varieties, 
greenstone  and  other  kinds  of  trap,  sandstone,  and  flints.  The 
largest  block  was  of  a  fine-grained,  tough,  greenish  rock,  A\  feet 
long  by  2\  feet  broad  and  \\  thick.  It  was  rough  and  angular  on 
all  sides  but  one,  which  was  smooth  and  worn,  as  if  it  had  been 
rubbed  strongly  over  some  hard  surface.  There  were  several  sets 
of  scratches,  grooves,  and  furrows,  mostly  short,  and  tending  in  one 
general  direction,  viz.  parallel  to  the  longest  diameter  of  the  block. 
The  granite-blocks  were  generally  more  rounded,  and  occasionally 
grooved,  but  much  less  distinctly ;  those  of  greenstone  are  also  oc- 

casionally smoothed  and  scratched.  The  largest  piece  of  sandstone 
was  greyish,  moderately  fine-grained,  measuring  in  feet  3  X  2  x  1,  an- 

gular and  rough  on  the  surface. 
Many  of  the  boulders  are  striated  on  all  their  sides.  The  stones 

in  this  upper  bed  of  clay  do  not  bear  a  very  large  proportion  to  the 
whole  mass ;  so  that  the  clay  is  used  for  making  bricks  and  tiles 
after  the  stones  are  extracted.  In  this  boulder-clay  I  found  also 
traces  of  broken  shells,  occurring  in  films  of  coarse  reddish  sand  in 
various  parts  of  the  deposit.  I  also  picked  a  broken  fragment  of 
shell  out  of  the  finely-laminated  clay  No.  4. 

Several  years  ago,  the  skeleton  of  a  bird  was  found  in  this  bank, 
at  a  depth,  it  is  said,  of  25  feet  from  the  surface,  and  about  15  or 
20  feet  above  the  level  of  the  sea.  I  have  not  hitherto  discovered 

what  became  of  this  skeleton.  When  in  search  of  it,  in  the  Ar- 
buthnot  Museum,  Peterhead,  I  found  an  organic  remain  with  the 

following  label : — "  Fossil  vertebra  found  in  excavating  clay  at  the 
Brickwork,  Peterhead,  August  1825,  38  feet  below  the  surface, 

placed  on  what  has  been  the  sea-beach."  The  words  in  italics 
were  somewhat  indistinct,  the  ink  being  much  faded.     This  fossil 
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I  found  to  be  6-^  inches  in  diameter  and  4^  inches  thick,  and  of  a 
general  roundish  aspect.  What  animal  it  had  belonged  to,  I  cannot 
say — probably  some  large  fish.  There  are  no  spinous  processes  or 
bony  projections  from  it.  From  the  depth  at  which  it  was  found, 
it  would  seem  to  have  been  about  the  top  of  the  mass  of  fine  sand. 

No  rock  is  exposed  at  the  bottom  of  this  section  ;  but  it  protrudes 
in  the  beach  at  a  short  distance  on  both  sides. 

Here,  then,  at  Invernettie  is  a  very  good  instance  of  a  clay,  con- 
taining numerous  boulders,  overlying  stratified  clay.  I  found  the 

same  thing  at  a  place  called  Downiehills,  nearly  three  miles  to  the 
west  of  Peterhead,  and  at  a  higher  elevation.  At  this  spot  there 
is  also  a  brickwork,  and  the  brickmaker  informed  me  that  he  had 

sunk  a  well  40  feet  deep,  and  bored  12  feet  further,  without  reaching 
the  bottom  of  the  cla\,  and  that  the  section  was — Feet. 

Unstratified  stony   clay,   of   a  reddish-brown  colour, 
containing  some  large  boulders  and  stones  of  many 
varieties,  which  are  occasionally  striated      20 

Stratified  clay,  containing  layers  of  different  colours, 
but  no  stones         32 

This  uppermost  boulder-clay  is  also  fine  enough  for  making  bricks 
and  tiles,  after  extracting  the  stones.  He  told  me  that  he  had  got 
one  block  of  granite  in  it  about  3  tons  in  weight,  some  of  the  frag- 

ments of  which  he  showed  me,  built  into  some  adjoining  masonry. 
It  was  of  the  red  Peterhead  granite,  and  showed  the  traces  of  the 
boring-iron  upon  it.  No  others  had  occurred  nearly  so  large  as 
this ;  but  boulders  are  often  found  from  2  to  3  feet  in  diameter,  and 
indeed  I  saw  some  of  this  size  in  the  clay  myself.  In  a  heap  of 
smaller  stones  which  had  come  out  of  the  same  mass  of  clay,  I 
observed  fragments  of  granite  of  different  varieties,  also  gneiss,  trap, 
porphyry,  and  a  few  of  red  sandstone  and  flint,  and  one  bit  of  lime- 

stone 4  inches  long  and  striated  on  the  surface,  apparently  belong- 
ing to  secondary  strata  :  it  was  fine-grained,  but  of  impure  quality. 

Two  or  three  scratched  and  striated  stones  were  observed  by  me ; 
but  they  were  far  from  numerous. 

This  boulder- clay,  according  to  my  informant,  also  contains  shells, 
generally  broken,  but  sometimes  whole.  They  are,  for  the  most  part, 
so  decayed  that  they  cannot  be  preserved ;  but  some  of  them  appear 
to  have  been  thick  and  strong.  I  have  not  ascertained  the  elevation 
of  this  spot,  but  should  think  it  to  be  somewhere  between  150  and 
200  feet  above  the  sea-level,  or  perhaps  scarcely  so  much. 

At  the  north  side  of  the  town  of  Peterhead  some  low  granite- 
rocks,  the  base  of  which  is  washed  by  the  sea,  are  seen  to  be  co- 

vered by  a  mass  of  coarse  gritty  earth  or  mud,  of  a  dirty-grey  hue, 
full  of  small  stones,  some  of  which  I  found  to  be  striated  or  scratched 
on  the  surface.  They  are  of  trap,  quartz,  and  granite.  This  mass 
of  stuff  is  about  8  feet  deep,  and  rests  immediately  upon  the  solid 
granite-rock,  without  the  intervention  of  any  other  layer  whatever. 
Some  indistinct  undulations  seem  to  occur  in  this  deposit ;  but  other- 

wise it  is  unstratified.     No  high  banks  occur  here. 
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A  little  beyond  this,  the  Ugie  flows  into  the  sea,  draining  a  low 
basin  of  ground.  I  have  found  fine  laminated  clay  composing  the 
ground  along  its  banks  in  many  places,  for  several  miles  up  its  course, 
but  frequently  concealed  by  a  deep  covering  of  coarse  gravel.  At 
Ednie  this  fine  stratified  clay  rests  upon  a  mass  of  coarse  stony  stuff, 
which,  however,  is  not  clearly  exposed.     In  sinking  a  well  there  was 
found,  I  am  told — 

Feet. 

Fine  stratified  clay      13 
Coarse  stony  clay,  dark-coloured,  and  apparently  de- 

void of  stratification    .         20 

I  found  some  traces  of  broken  shells  in  the  stratified  clay  here  also. 
I  am  not  aware  that  any  large  boulders  occur  in  the  lower  mass. 
In  the  part  of  it  which  I  saw,  the  stones  were  not  of  large  size. 
This  section,  although  little  more  than  two  miles  distant  from  the 
sea  in  a  straight  line,  is  yet  much  more  following  the  course  of  the 
Ugie.     It  is  at  no  great  height  above  the  sea. 

The  coast  to  the  north  of  the  Ugie  for  many  miles  presents  a 
broad  sandy  beach,  backed  by  undulating  banks  of  various  height, 
but  seldom,  if  ever,  exceeding  100  feet.  The  drifting  sand  which 
blows  off  the  coast  hides  everything,  so  that  the  interior  of  these 
masses  is  rarely  to  be  seen.  In  some  places,  however,  their  struc- 

ture is  indicated,  and  seems  to  be  a  fine  tenacious  clay  of  a  bluish 
tint. 

About  five  miles  to  the  north  of  Peterhead  is  the  Annochie  Brick- 

work, close  upon  the  sea-beach.  Here  the  excavations  are  made  into 
the  heart  of  these  sand-covered  banks,  and  disclose  a  fine,  blackish- 
blue,  sandy  clay,  quite  unmixed  with  stones  or  pebbles  of  any  kind. 
This  clay  has  been  penetrated  to  a  depth  of  25  feet,  and  found  to 
pass  into  fine  sand  of  a  similar  hue ;  but  it  is  not  known  what  lies 
beneath. 

Deeply  imbedded,  then,  in  this  fine  bluish  clay-mud,  I  found  per- 
fect shells  occurring,  in  some  places  rather  abundantly.  The  species 

were — 
Nucula  tenuis.  Leda  pygmaea.  Lucina  ferruginosa. 

The  last-mentioned  is  a  very  minute  shell,  and  seems  to  be  much  less 
numerous  than  the  two  others.  All  the  three  are  very  delicate  thin- 
shelled  bivalves  ;  but  their  preservation  is  so  perfect  that  the  greenish- 
yellow  epidermis,  or  skin-like  pellicle  that  covers  them,  is  quite 
uninjured.  They  are,  however,  so  friable,  that  the  slightest  touch 
converts  them  into  powder ;  and  on  exposure  to  the  air  for  some 
time,  the  epidermis  loses  its  lustre,  and  sometimes  shrivels  up. 
Sometimes  both  the  valves  are  in  conjunction  and  shut;  but  more 
frequently,  I  think,  they  occur  as  single  valves.  It  is  also  worthy 
of  notice,  that  no  broken  or  comminuted  shell-fragments  were  ob- 

served occurring  in  this  clay  *. 

*  At  a  subsequent  visit  to  Annochie,  in  company  with  Mr.  Winter,  the  ma- 
nager of  the  work,  who  most  kindly  gave  me  all  the  assistance  in  his  power,  I 

succeeded  in  finding  nearly  a  dozen  other  fossils.     Amongst  these  were  several 
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Here,  then,  we  seem  to  have  the  remains  of  the  animals  imbedded 
in  their  native  mud.  The  assemblage  and  the  deposit  itself  both 
indicate  deep  water ;  and  these  same  species  have  been  found  con- 

gregating at  a  depth  of  from  30  to  100  fathoms  on  the  western  coast 
of  Scotland,  where  they  have  all  been  dredged  alive  by  Mr.  MacAn- 
drew.  They  are  species,  however,  which  are  characteristic  of  a  more 
northern  region  at  the  present  day :  in  fact,  until  within  these  few 
years,  the  Leda  pygmcea  was  not  known  to  occur  so  far  south  as 
Britain,  being  principally  developed  in  the  Arctic  seas ;  and  even 
now  it  is  known  in  only  one  locality,  namely  the  neighbourhood  of 
Skye. 

This  clay-bed  appears  to  have  suffered  much  denudation,  and  has 
an  irregular  undulating  surface.  No  considerable  section  is  exposed  ; 
and,  as  far  as  I  could  see,  it  appeared  to  be  of  a  very  uniform  tex- 

ture, without  any  distinct  stratification-lines.  The  position  of  the 
shells  is  little  above  the  present  high-water  mark  ;  and  the  clay-bed 
appears  to  pass  in  below  the  beach. 

We  have  here  a  great  change  indicated,  from  this  old  muddy  sea- 
bottom  to  the  present  sand-encumbered  coast,  which  abounds  at  this 
place  in  broken  shells.  In  the  course  of  a  short  search  along  the 
beach,  I  picked  up  specimens  of  the  following  species,  mostly  in 
broken  fragments :  — 

Purpura  lapillus.  Tapes  pullastra. 
Littorina  littoralis.  Donax  anatinus, 
Patella  vulgata.  Pecten  pusio. 
  pellucida.    opercularis. 
Cyprina  Islandica.  Nassa  iucrassata. 
Cypraea  Europsea.  Buccinum  undatum. 
Trochus  cinerarius.  Mytilus  edulis. 
  zizypbinus.  Solen  ensis. 
?  Astarte  sulcata.  Venus  striatula. 
Mactra  solida. 

In  some  of  the  banks  in  the  neighbourhood  I  found  fine  blue  clay, 
of  a  similar  appearance  to  that  in  the  brickwork,  but  containing 
numerous  minute  regular  crystals  of  sulphate  of  lime. 

I  have  now  sketched  the  greater  part  of  the  eastern  coast  of 
Aberdeenshire,  and  have  shown  that  a  deposit  of  stratified  sand  and 

clay,  often  of  great  thickness,  appears  to  occur  with  considerable 

specimens  of  Forarainifera.  Of  Mollusca  there  were  two  or  three  species  of 

Cylichna  (one  of  which  seems  to  be  C.  cylindrica,  the  others  resembling  C.  ob- 
tusa  or  C.  mammillatd)—*  single  valve  of  Kellia,  apparently  K.  sub  orbicularis, — 
decayed  specimens  of  Panopxa  Norvegica  and  Mya  truncata,  variety  pullus  of 
Wood's  ■  Mollusca  of  the  Crag.'  These  shells,  however,  were  so  decayed  and 
friable  as  to  render  their  determination  difficult  and  doubtful.  They  did  not 

occur  in  broken  fragments,  but  were  perfect  in  form,  although  the  shelly  sub- 
stance  was  gone.  I  was  told  also  that  the  skeleton  of  a  fish  had  been  found 
some  years  ago,  but  had  not  been  preserved.  Messrs.  W.  K.  Parker  and  Rupert 
Jones  have  kindly  examined  microscopically  some  of  the  Annochie  deposit,  and 

they  inform  me  that  in  about  two  thimblefuls  of  the  dark-slate-coloured,  fine, 
sandy  clay,  with  roundish  quartz-grains  and  some  brownish  mica,  they  have  found 
several  fine  specimens  of  the  Polystomella  crispa,  var.  striatopunctata,  two  large 
specimens  of  Cornuspira  foliacea,  and  a  few  little  fragments  (plates)  of  Echinus. 
—October,  1858.     T.F.J. 
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regularity  wherever  the  rock  sits  low,  and  that  these  fine  strata  are 
covered  in  some  places  by  extensive  masses  of  coarse  gravel  and 
shingle,  and  in  others  by  a  clay  or  earth  full  of  boulders  of  many 
kinds,  often  of  large  size,  and  sometimes  striated  and  grooved  in  a 
singular  manner.  It  has  also  been  shown  that  great  boulders  occur 

on  the  surface  of  the  gravel-ridges,  and,  according  to  the  accounts 
of  workmen,  occasionally  imbedded  in  their  interior,  although  I  have 

not  observed  this  latter  fact  myself*. 
These  stratified  masses  have  been  found  resting  on  Old  Red  Sand- 

stone conglomerate  at  Millden,  and  on  gneiss  and  mica-slate  along 
the  sea-margin  of  Slains  ;  and  no  clear  instance  along  the  coast  has 
occurred  to  me  of  any  mass  of  coarse  stuff,  containing  large  boulders, 
lying  beneath  them  ;  nor  have  any  large  blocks  been  seen  by  me 
imbedded  in  the  fine  strata  themselves.  These  are  evidently  the 

remains  of  an  old  sea-bottom  of  the  later  Tertiary  period, — the 
laminated  clay  and  sand  having  accumulated  in  the  deeper  troughs 
of  the  ancient  coast,  where  they  were  beyond  reach  of  the  surface- 
agitation  produced  by  the  winds. 

In  the  parishes  of  Slains  and  Cruden  there  are  many  knolls  and 

ridges  of  water- worn  shingle  and  gravel,  which  I  have  found  in  various 
places  to  contain  broken  marine  shells.  Perhaps  the  most  remarkable 
of  these  are  the  gravel-ridges  beside  the  Loch  of  Slains,  locally  known 
by  the  name  of  the  Kippet  Hills.  They  vary  in  form  and  size,  but 
generally  rise  to  the  height  of  about  30  or  40  feet  above  their  base. 
The  sides  are  commonly  steep,  and  their  summit  or  ridge  often  so 
narrow  that  two  carts  could  scarcely  pass  each  other  on  them,  while 
their  breadth  is  such  that  a  person  standing  on  one  side  can  easily 
pitch  a  pebble  quite  over  them.  In  these  features  they  would  seem 
to  resemble  the  Eskars  of  Ireland,  the  Kaims  of  the  south  of  Scot- 

land, and  the  Osar  of  Sweden,  concerning  the  origin  of  all  which 
there  has  been  some  discussion. 

Our  Kippet  Hills  can  be  traced,  with  hardly  any  interruption, 
for  a  distance  of  beyond  two  miles,  in  a  tortuous,  curving,  or  zigzag 
line  without  any  definite  direction.  They  are  connected  also  with 

other  gravel- deposits  in  the  district ;  and  their  extent  and  relations 
are  obscured  to  some  degree  by  a  deposit  of  red  clay  which  covers 
them  in  many  places. 

Fig.  4. — Diagram  showing  the  Red  Clay  covering,  and  filling  up  the 
hollows  of  the  Gravel-ridges  at  the  Kippet  Hills. 

a.  Clay.  b.  Gravel. 

*  I  am  inclined  to  think  that  the  gravel  on  the  top  of  which  these  erratic 
hlocks  lie  is  of  older  date  than  the  gravel  covering  the  stratified  beds  at  Aberdeen 
and  elsewhere.  It  may  belong  to  the  same  period  as  the  gravel  of  the  Kippet 
Hills. 
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As  to  the  composition  of  these  ridges,  I  have  found  them  to  con- 
sist of  sand,  gravel,  and  water-worn  pebbles.  In  some  places  the 

mass  is  very  coarse,  showing  no  regular  arrangement,  but  abounding 
in  rolled  stones  of  all  sizes  up  to  a  diameter  of  2\  feet ;  few,  how- 

ever, exceed  1  foot  in  length.  In  other  places  the  materials  are 
much  finer,  passing  from  coarse  pebbly  gravel  into  undulating  sandy 
layers.  Broken  shells  occur  in  both  sorts.  The  pebbles  are  of 
many  different  kinds ;  the  most  abundant  seems  to  be  micaceous 
schist,  similar  in  character  to  what  occurs  along  the  adjoining  coast, 
while  gneiss,  quartzose  schist,  granite,  and  greenstone  are  also  plen- 

tiful. A  bit  of  felspar  and  a  flint  or  two  may  be  occasionally  found  ; 
and  upon  one  occasion  I  picked  up  two  small  pieces  of  serpentine. 
But,  besides  all  these,  there  are  in  many  places  a  great  abundance  of 
red  and  grey  sandstone,  together  with  a  multitude  of  limestone  frag- 

ments, which  vary  in  character  and  hue.  They  are  always  more  or 
less  water-worn ;  some  are  of  a  yellowish  tint,  and  of  a  soft,  tough 
nature,  effervescing  strongly  with  acids,  while  others  are  finely  lami- 

nated, varying  in  colour  from  greyish- white  to  dull  grey  and  yellow : 
these  are  generally  of  a  fine  earthy  texture,  and  effervesce  more 
feebly  on  being  treated  with  nitric  acid.  The  limestone  fragments 
occasionally,  though  rarely,  contain  fossils.  I  have  found  a  bit  or 
two  containing  traces  of  small  shells,  and  have  seen  one  fragment  of 
laminated  grey  limestone  with  the  impression  of  a  small  fish :  both 
the  head  and  tail  were  wanting,  owing  to  the  wearing  of  the  fragment ; 
but  when  complete,  it  might  have  been  about  6  inches  long.  Ac- 

cording to  the  reverend  author  of  the  statistical  account  of  the  parish, 
these  limestones  were  formerly  sought  out  by  the  fanners,  and  burned 

for  lime,  being  found  "generally  from  1  to  16 lbs.  in  weight." 
I  may  mention  that  I  have  found  similar  bits  of  limestone  in 

various  parts  of  Cruden  and  Slains,  and  also  more  rarely  in  Logie- 
Buchan  and  Foveran ;  they  are,  however,  more  plentiful  in  these 
Kippet  Hills  than  anywhere  else.  I  have  never  found  them  either 
scratched  or  striated  in  these  gravel-ridges,  but  have  occasionally 
found  them  so  in  other  places,  where  they  occurred  in  clay  or  stony 
earth.  No  rock  of  the  same  nature  is  known  to  me  in  this  part 
of  Aberdeenshire ;  but,  from  the  abundance  of  the  fragments,  con- 

fined as  they  are  to  a  limited  tract  near  the  coast,  I  am  inclined  to 
think  that  the  source  from  whence  they  came  must  be  within  the 
district,  and  that  patches  of  similar  strata  probably  occur  deeply 
buried  beneath  the  Pleistocene  deposits  which  drape  the  whole 
country  hereabouts. 

With  regard  to  the  broken  shells  which  are  mixed  up  with  this 
gravel,  they  are  generally  in  very  small  pieces,  and  much  worn.  I 
can  distinguish  at  least  eight  different  kinds,  and  probably  more.  The 
hinge  of  the  Cyprina  Islandica  is  of  frequent  occurrence,  its  massy 

thickness  having  stood  the  wear  and  tear  better  than  most  others.  I 
have  found  also  some  almost  complete  valves  of  a  Tellina,  which  seems 
to  differ  from  the  T.  solidula  only  in  being  thicker  and  stouter.  It 

is  a  strong  opaque  shell,  very  tumid  in  the  valves.  Is  this  the  Tel- 
lina G?*cenlandica  1     Another  is  a  shell  of  larger  size,  also  a  bivalve, 

vol.  xiv. — part  i.  2  m 
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and  strong  and  thick,  but  very  compressed  in  form.  A  fourth  (of 
which,  however,  I  have  got  nothing  but  small  fragments)  is  a  bivalve 

with  strong  concentric  growth-lines,  having  the  interstices  ornamented 
with  peculiar  radiating  striae.  It  is  also  crenated  along  the  ventral 
margin  similar  to  the  Venus  Casina.  Some  of  the  bits  have  evidently 
belonged  to  a  good-sized  shell,  and  are  thickened  along  the  edge, 
while  others  are  the  remans  of  individuals  of  smaller  size,  or  perhaps 
of  a  different  species.  I  have  found  it  in  many  different  places. 
Fragments  of  Astarte  and  Pecten  are  also  not  uncommon. 

I  have  stated  (p.  516)  that,  in  a  cliff  on  the  coast  of  Slains,  and 

immediately  opposite  these  gravel-ridges,  I  found  in  the  sandy  strata 
seams  of  gravel  containing  similar  fragments  of  shells  along  with 
pieces  of  the  same  kind  of  limestone.  •  It  would  therefore  appear 
that  these  mounds  are  formed  out  of  the  same  materials,  and  may, 
perhaps,  be  a  development  of  those  gravelly  layers  which  are  inter- 
stratified  with  the  fine  sand.  They  may  be  old  submarine  banks  of 
gravel,  which  have  subsequently  been  moulded  into  the  form  of  ridges 
by  denudation. 

Their  base  is  at  about  the  same  elevation  as  the  top  of  the  coast- 
cliffs,  or  perhaps  a  little  lower,  and  they  can  be  traced  almost  close 
to  the  cliffs,  while  it  is  also  found  that  a  stratum  of  red  clay  over- 

lies both  them  and  the  stratified  sand  at  Collieston  ;  and  further,  in 

some  places  the  gravel  of  these  ridges  appears  to  pass  into  fine  sandy 
layers,  similar  to  the  masses  along  the  coast. 

The  district  in  which  these  shelly  gravels  occur  lies  between  the 
estuary  of  the  Ythan  and  the  Burn  of  Cruden,  comprising  an  area 
of  about  15  square-miles.  This  tract  of  ground  culminates,  with 
gentle  slopes,  in  an  eminence  called  Highlaw,  whose  height  I  found 
to  be  299  feet  above  the  mean  level  of  the  sea.  The  summit  con- 

sists of  a  mound  of  gravel,  while  banks  and  knolls  of  coarse  water- 
worn  shingle  form  the  most  of  the  adjoining  ground.  In  some  places 
these  masses  of  gravel  show  many  undulating  layers  and  seams  of 
sand,  while  in  others  the  disposition  of  the  materials  is  more  irre- 

gular. No  broken  shells  nor  fragments  of  sandstone  or  limestone 
occurred  to  me  here.  The  materials  were  of  gneiss,  granite,  quartz- 
ose  rock,  felspar,  porphyry,  and  other  kinds  of  trap,  sometimes  not 
much  rounded.  It  appears  then  that,  while  fine  sand  and  mud 
were  accumulating  in  the  deeper  recesses  of  the  ancient  sea,  here, 
on  the  shoals  and  higher  portions,  under  some  40  fathoms  less  water, 
the  soundings  would  have  shown  coarse  gravel,  sand,  and  shingle. 

I  remarked,  however,  that  a  deposit  of  red  clay  in  many  places 
overlies  this  gravel,  filling  up  the  irregularities  and  hollows  of  its 
surface.  It  is  never  of  great  thickness,  and  is  generally  absent  on 
the  higher  mounds,  or  forms  but  a  very  thin  layer  over  them. 

A  similar  clay  was  found  in  many  places  overlying  the  gravel  of  the 
Kippet  Hills  (p.  522) ;  and  a  thick  mass  of  it  covers  the  stratified  sand 
in  the  cliff  at  Collieston.  Do  not  all  these  instances  point  to  a  de- 

pression of  the  sea-bottom,  converting  its  shoals  into  sunken  banks, 
and  its  deeper  hollows  into  yet  profounder  depths  ? 

I  did  not  observe  any  large  boulders  beside  Highlaw  itself,  but 
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some  distance  to  the  north,  between  it  and  the  Episcopal  chapel  of 
Cruden,  I  found  several  occurring  on  the  surface  of  the  land,  espe- 

cially beside  some  small  croft-houses.  The  largest  were  from  5  to 
6  feet  in  diameter,  but  many  were  from  2  to  3  feet ;  and  they  con- 

sisted of  red  granite,  gneiss,  and  trap.  One  of  these  blocks  I  ob- 
served to  be  much  smoothed  or  ground  down,  and  covered  with  striae 

and  scratches  on  part  of  its  surface  ;  and  this  occurred  in  a  fragment 
of  hard  crystalline  quality.  On  drawing  the  attention  of  one  of  the 
crofters  to  this  circumstance,  he  said  that  he  had  noticed  the  fact, 
and  that  these  markings  were  confined  to  the  lower  surface  or  bed 
of  the  stone.  It  had  been  a  large  block,  some  6  feet  in  diameter, 
and  had  been  blown  to  pieces  by  gunpowder  when  I  saw  it.  Much 
of  the  ground  here  (which  is  at  an  elevation  of  probably  200  feet 
or  upwards)  seems  to  consist  at  the  surface  of  coarse  stony  earth, 
varying  in  colour  from  reddish  to  a  dirty  bluish-grey,  and  contains 
many  small  stones  of  gneiss,  granite,  trap,  micaceous  schist,  compact 
felspar,  and  quartzose  rock.  I  picked  up  also  two  or  three  small  bits 
of  limestone  of  different  colours,  and  similar  in  quality  to  those  which 
occur  in  the  gravel  of  the  Kippet  Hills.  One  of  these  limestone-bits 
was  covered  with  striae  and  scratches  on  both  sides.  I  noticed  also 

some  nodules  of  flint,  and  a  rounded  pebble  of  red  sandstone.  Several 
striated  fragments  were  observed  by  me  in  this  coarse  earth,  the 
stones  of  which  are  seldom  sharply  angular. 

In  the  Rev.  Mr.  Pratt's  entertaining  volume  upon  the  district  of 
Buchan,  I  find  it  stated  that  the  outer  walls  of  the  parish-kirk  of 
Cruden,  erected  in  1777,  are  said  to  have  been  all  built  "from  the 
greystone  of  Ardendraught,  a  huge  boulder  of  granite  on  the  Old- 
toun  Farm,  upon  which,  from  time  immemorial,  Hallow  fires  had 

had  been  lighted." 
I  have  pointed  out  that  the  stratified  sand  and  clay  can  be  traced 

for  some  distance  up  the  rivers  which  fall  into  the  sea  along  the 
eastern  coast.     The  same  is  the  case  along  the  Moray  Firth. 

The  Kinedart  Water,  a  tributary  of  the  Deveron,  flows  through  a 
Pleistocene  deposit  of  considerable  thickness  ;  and  deep  down  in  the 
high  banks  along  which  it  runs,  I  found  specimens  of  the  following 
shells  imbedded  in  a  fine,  dark,  sandy  mud  : — 

Tellina  proxima.  Leda  pernula.  Nucula  tenuis. 
?  Tellina  solidula.  ?  Dentalium. 

The  most  plentiful  was  T.  proxima ,  always  complete,  with  the  two 
valves  in  connexion  and  shut,  the  dark-brownish  epidermis  remain- 

ing. What  is,  however,  remarkable,  the  valves  were  always  more 
or  less  cracked,  especially  the  upper  one,  which  was  often  quite 
squashed  into  the  lower.  It  looks  as  if  the  shell  had  been  crushed 
with  the  animal  in  it,  as  it  is  generally  filled  with  a  dark  powder, 
and  a  blackish  stain  frequently  extends  to  the  sand  around  it.  The 

specimens  were  often  of  large  size,  measuring  1-|  to  If  inch  across. 
Pressure  from  above,  and  suddenly  applied,  seems  necessary  to  account 
for  the  condition  of  these  shells  :  the  crushed  fragments  were  never 
shifted  sideways  out  of  their  position. 

2  m  2 
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A  thick  mass  of  gravel  and  sand,  forming  the  upper  part  of  the 
bank,  appears  to  have  been  thrown  down  upon  this  fine  sandy  mud ; 
but  there  is  no  good  section,  at  the  place,  to  show  their  connexion. 
I  found  this  sand  and  gravel  in  some  places  containing  a  great  abun- 

dance of  broken  shells.  There  were  many  entire  single  valves  of 
Tellina  solidula,  and  fragments  of  Astarte  arctica.  Pieces  of  the 
Cyprina  Islandica  were  also  numerous. 

The  Tellina  proximo,  is  characterized  by  MacAndrew  as  the  Tel- 
lina of  Arctic  seas,  and  is  not  now  found  alive  on  the  British  coasts. 

He  gives  its  principal  development  at  a  depth  of  from  4  to  1 0  fathoms, 
but  ranging  down  to  40.  The  Leda  pernula  is  also  now  extinct  in 
our  seas,  but  is  found  from  Drontheim  to  the  North  Cape,  having  a 

great  vertical  range  of  from  35  to  160  fathoms.  The  Tellina  soli- 
dula is  still  found  from  Britain  to  Finmark,  in  more  shallow  water. 

Here  then,  again,  are  the  remains  of  the  animals  apparently  where 
they  had  lived  and  died.  The  prevalence  of  Tellina  proxima  marks 
shallower  water  than  the  assemblage  at  Annochie  does,  as  might  have 
been  expected ;  for  this  Kinedart  deposit  must  be  at  an  elevation 
perhaps  150  feet  higher,  situated  in  a  sheltered  ravine.  Of  the  other 
shells  I  found  but  one  specimen  each;  and  these  were  single  valves 
although  uninjured,  with  the  epidermis  in  fine  preservation. 

The  evidence  still  points  to  a  chilly  climate,  and  a  sea  undisturbed 
enough  for  mollusca  to  flourish  at  least  for  a  certain  lapse  of  time. 

In  the  valley  of  the  Deveron  itself,  as  far  up  as  Huntly,  I  found 
finely  laminated  silt  and  loam  exposed  on  its  banks,  at  the  height 
of  360  feet  above  the  sea-level,  and  perhaps  50  or  60  feet  above 
the  river.  No  organic  remains,  however,  occurred  to  me.  Passing 
over  to  the  valley  of  Spey  I  there  discovered  finely  laminated  silt, 
capped  by  sand  and  gravel,  lining  the  base  of  the  hills  to  a  great 
height.  On  the  east  side  of  the  stream,  from  Cairnty  to  Ben  Aigan, 
it  may  be  traced  with  little  interruption,  running  up  the  Burn  of 
Mulbain  at  a  corresponding  elevation ;  and  I  found  it  also  on  the 
west  side.  Having  borrowed  a  spirit-level  from  one  of  the  gentlemen 
engaged  with  the  railway  now  in  process  of  construction  across  the 

Spey,  I  proceeded  to  measure  the  height  of  these  terrace-like  banks 
on  Eastertown  of  Cairnty,  and  found  them  to  reach  an  elevation  of 
247  feet  above  the  river,  and  375  feet  above  the  sea,  at  high-water- 

mark, ordinary  spring-tides  of  the  Moray  Firth. 
Fixing  the  instrument  on  the  summit,  I  took  a  sight  across  the 

Spey  to  the  flat-topped  fragment  of  a  similar  terrace  on  the  west  side, 
and  found  it  to  be  at  the  same  level.  Turning  my  view  up  the  river 
to  a  similar  bank  opposite  Rothes,  I  ascertained  that  it  was  several 
yards  higher,  after  allowing  for  curvature.  I  then  swept  the  view 
towards  the  Moray  Firth,  and  found,  what  was  very  apparent  even  to 
the  naked  eye,  that  I  quite  overlooked  everything  between  me  and 
its  waters. 

It  thus  became  evident  that  here  was  no  freshwater  deposit  accu- 
mulated in  the  depths  of  some  dammed-up  lake,  but  an  indubitable 

portion  of  the  ancient  sea-bottom,  when  salt-water  lochs  stretched 
their  arms  far  inland.     No  remnant  of  any  barrier  appeared,  that 
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could  account  for  a  lake  at  such  a  height ;  no  glacier  descending  from 
Ben  Aigan  or  any  hill  on  the  east  side  could  have  barred  the  valley 
down  here ;  for  there  is  no  height  on  the  opposite  side  that  the  icy 
avalanche  could  have  rested  on. 

Thinking  that  the  spirit-level  I  had  used  might  be  out  of  adjust- 
ment, and  consequently  not  trustworthy  for  a  long  sight,  I  procured 

the  loan  of  another  good  instrument  made  by  Troughton  and  Simms, 
which  had  been  adjusted  but  a  few  days  previously,  and  with  it  also  I 
found  the  Rothes  bank  to  be  considerably  higher  than  Cairnty,  and 
also  that  terrace-like  deposits,  equal  in  height  to  that  of  Rothes,  oc- 

curred for  some  distance  up  the  glen  on  the  opposite  side  of  the  Spey. 
Whether,  therefore,  the  elevating  power  had  increased  towards  the 
interior,  or  whether  it  is  that  the  strata  in  the  lower  part  of  the  val- 

ley have  suffered  more  denudation,  may  be  questioned  ;  yet  the  fact 
remains,  that  these  banks  rise  in  height  as  we  ascend  the  valley. 
Those  at  Rothes  are  higher  than  those  at  Cairnty ;  and  similar  ter- 

races which  I  observed  above  Aberlour,  and  also  opposite  Ballin- 
dalloch,  seemed  to  me  higher  still ;  but  want  of  time  compelled  me  to 
leave  their  measurement  unascertained. 

The  best  section  of  these  masses  is  at  Rothes,  where  the  bank 
that  looks  down  upon  the  village,  from  an  altitude  of  about  1 90  feet 

above  the  stream,  presents  the  following  section  at  its  highest  part : — 
Feet. 

1 .  Loose  gravel,  sand,  and  shingle,  stratified        30 
2.  Fine  stratified  sand  and  sandy  mud,  of  a  pale  grey 

tint,  containing  no  stones  of  any  kind       45 
3.  Gravel  and  fine  sand  interstratified       15 

4.  Unstratified  pebbly  clay,  some  bands  indistinctly 
seen  here  and  there,  colour  dirty  grey,  somewhat 
reddish,  no  large  boulders       15 

5.  Fine  stratified  sand  and  sandy  mud,  often  rippled 
and  waved,  some  seams  containing  a  considerable 

proportion  of  clay,  colour  pale-grey,  occasionally 
reddish.  It  contains  no  gravel,  stones,  nor  peb- 

bles of  any  kind        35 
6.  Base  of  the  bank  descending  to  the  edge  of  the 

river,  concealed  by  loose  debris        50 

In  some  parts  of  the  bank  the  unstratified  stony  earth  attains  a 
considerably  greater  thickness  ;  but  at  the  time  of  my  visit  there  was 
a  very  clear  section  at  the  point  described.  The  arrangement  of  the 
beds  was  nearly  horizontal.  The  stones  and  pebbles  were  of  gneiss, 
granite,  quartz,  and  similar  crystalline  rocks.  No  large  boulders 
were  seen  ;  and  I  was  disappointed  to  find  no  fossil  remains  in  these 
beds,  although  a  longer  search  might  have  been  more  successful. 

Standing  on  the  top  of  these  high  banks,  and  looking  down  upon 
the  fertile  lowlands  of  Moray,  dotted  with  farms  and  thriving  vil- 

lages, I  could  not  but  picture  to  myself  a  time  when  the  ocean  rolled 
over  its  plains,  and  threw  its  breakers  ashore  even  at  my  feet ;  here, 
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far  up  on  these  hillsides,  must  once  have  been  the  old  high- water- mark. 

I  shall  now  mention  some  other  circumstances  that  tend  to  throw 

light  upon  the  depth  of  the  sea  during  a  part  at  least  of  the  Pleisto- 
cene epoch.  The  evidence  of  the  Mollusca,  so  far  as  it  goes,  indicates 

that,  at  the  period  of  their  existence,  the  depth  of  the  sea  was  not 
beyond  a  few  hundred  feet,  even  over  the  lowest  part  of  the  present 
land ;  and  it  is  important  to  bear  in  mind  that  their  remains  have 
not  been  found  anywhere  in  this  part  of  the  country  at  an  elevation 
exceeding  250  feet.  What  I  am  now  going  to  allude  to,  however, 
is  the  occurrence  of  beds  of  gravel  and  water-worn  pebbles  on  the 
summits  of  some  of  the  hills  in  this  eastern  part  of  Aberdeenshire. 

I  have  shown  that  the  top  of  the  ridge  about  Highlaw,  at  an 
elevation  close  upon  ,300  feet,  is  occupied  by  gravel ;  there  is  also  a 
ridge  in  the  neighbourhood  of  Ellon,  called  Cross-stone,  the  top  of 
which  consists  of  great  masses  of  water-worn  pebbles  and  gravel  at 
an  elevation  of  226  feet.  The  Hill  of  Auchleuchries,  in  the  parish 
of  Cruden,  has  also  a  crest  of  gravel,  reaching  a  height  of  356  feet. 

Again,  there  is  a  ridge  of  hills  which,  commencing  at  the  Buchan 
Ness,  runs  inland  for  seven  or  eight  miles,  rising  gradually  till  it  cul- 

minates, near  its  western  extremity,  in  the  Hill  of  Smallburn,  at  an 
elevation  of  464  feet  above  the  mean  level  of  the  sea.  This  ridge  is 
remarkable  for  an  abundance  of  flints,  which  are  found  along  its 

summit  from  one  end  to  the  other.  They  are  always  water-worn, 
and  sometimes  contain  chalk-fossils.  Associated  with  them  is  a 

similar  abundance  of  quartzose  pebbles,  which  are  also  finely  rounded 
and  water-rolled. 

Both  the  flints  and  quartz-pebbles  extend  a  little  further  west,  to 
the  hills  of  Skelmuir  and  Dudwick  ;  but  towards  the  western  extre- 

mity of  the  latter  the  flints  gradually  die  away,  and  finally  cease. 
These  chalk-flints  appear  to  have  been  first  brought  under  notice  by 

Dr.  Knight  of  Marischal  College,  Aberdeen,  who  read  a  paper  upon 
them  to  the  meeting  of  the  British  Association,  at  Edinburgh,  in 
1 834,  and  exhibited  a  series  of  specimens  ;  and  they  have  since  then 

been  commented  upon  by  various  observers*.  Their  abundance  is 
in  many  places  surprising ;  but  they  are  often  hidden  by  a  covering 
of  peat-moss.  In  some  places  the  flints  predominate,  in  others  the 
quartz  ;  but  they  are  both  highly  water-worn,  the  hard  quartzy  pebbles 
being  often  as  smooth  as  an  egg,  with  a  clean  washed  aspect,  like 
the  pebbles  on  the  beach.  I  found  that  both  kinds  occur  in  a  thin 
stratum  of  reddish  or  yellowish- brown  earth  or  earthy  clay ;  and  in 
some  places  the  pebbles  form  almost  the  entire  mass,  as  is  very 
observable  in  several  pits  at  the  side  of  a  road  which  crosses  the 
ridge  between  Tarhenry  and  Smallburn  (fig.  5).  This  earthy  clay 
appears  to  repose  immediately  upon  the  subjacent  rock.  I  have  seen 
it  covering  the  granite  at  the  Blackhill,  and  gneiss  at  Smallburn,  and 

*  See  a  Memoir  by  Messrs.  Salter  and  Ferguson  on  this  subject,  Quart.  Journ. 
Geol.  Soe.  vol.  xiii.  pp.  83,  &c. — Edit. 
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rock  of  doubtful  character  in  other  spots.  It  is  also  not  without  in- 
terest to  observe  that  a  stratum  of  coarse  reddish  clay,  containing 

pebbles  of  granite,  quartz,  and  flint,  covers  the  greensand-deposit  at 
Moreseat  * . 

Fig.  5. — Outline-section  along  the  hilly  ridge  from  the  Buchan  Ness 
to  Dudwick.     Length  about  12  miles. 

**  Level  of  450  feet  above  the  sea-level. 
•*--}-  Level  of  the  sea. 

1.  Dudwick,  563  ft.  5.  Tarhenrv,  451  ft. 
2.  Skelmuir,  482  ft.  6.  Moreseat. 
3.  Kinknockie.  7.  Cruden  Hill. 
4.  Smallburn,  464  ft.  8.  Stirling  Hill,  282  ft. 

In  addition  to  the  water-worn  pebbles,  a  few  larger  stoues  occur, 
with  a  rougher  exterior  and  shapeless  form.  Some  of  them  occa- 

sionally reach  from  two  to  three  feet  in  length ;  and  I  believe  they 
are  sometimes  found  still  bigger.  They  are  granite  of  different 
varieties,  and  compounds  of  quartz  and  felspar  varying  in  quality. 

Now,  upon  the  top  of  the  adjacent  Hill  of  Dudwick,  which  reaches 

a  height  of  562  feet,  I  found  the  quartz-rock  covered  by  its  own 
debris,  but  the  fragments  all  quite  angular  and  unworn  ;  and  on 
a  lower  projection  of  the  hill  at  an  elevation  of  480  or  500  feet  the 
same  thing  occurred.  But,  searching  along  the  eastern  flank  of  the 
ridge,  I  found,  to  the  north  of  a  croft  called  Backhill  of  Dudwick,  the 
water-worn  pebbles  of  quartz  and  flint  occurring  with  considerable 
regularity  to  a  height  of  about  450  to  470  feet,  beyond  which  they 
appeared  to  cease.  It  seemed,  however,  as  if  some  agency  had  dis- 

turbed them  since  they  were  rounded,  and  had  washed  them  up  at 
certain  points  to  a  higher  level ;  and  a  small  flint  or  two  may  be 
picked  up  even  on  the  very  summit  of  the  hill. 

Whatever  may  be  thought  of  this,  I  would  at  least  draw  attention 
to  the  great  extent  of  water-worn  pebbles  that  clothe  the  long  ridge 
before  mentioned,  with  great  regularity,  up  to  a  height  which  I  have 
measured  and  ascertained  to  be  464  feet  above  the  mean  level  of  the 

sea.  They  seem  to  attain  their  greatest  development  along  a  zone 
from  350  to  450  feet  high.  They  are  strikingly  displayed  over  the 
Hill  of  Kinknockie,  and  also  at  Hillhead  of  Auquharney,  where  there 
is  a  croft  or  cottage,  whose  foundation  I  ascertained  to  be  398  feet 
above  the  sea-level.  The  flints  are  also  particularly  abundant  on  the 
top  of  Cruden-hill,  which  is  the  point  where  the  three  parishes  of 
Cruden,  Longside  and  Peterhead  meet ;  they  cover  the  ground  there 
with  a  uniform  close  stratum  ;  but  over  a  great  part  of  the  ridge 
the  peat  lies  so  thick  as  to  hide  everything. 

I  shall  now  describe  a  great  accumulation  of  highly  water-worn 
shingle  covering  the  top  of  a  ridge  in  the  parish  of  Fyvie,  about 
twenty  miles  inland. 

*  See  the  Memoir  above  referred  to. —  Edit. 
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The  tract  is  known  by  the  name  of  the  Windyhills,  and  is  situated 
close  beside  the  hamlet  of  Woodhead,  in  the  neighbourhood  of  the 
River  Ythan.  The  whole  crest  of  the  ridge  is  thickly  covered  with 

great  sheets  of  quartz-pebbles,  mixed  with  a  fine  whitish  sand  derived 
from  the  grinding  down  of  the  fragments.  These  pebbles  are  of  all 
sizes  below  that  of  an  egg,  for  the  most  part  a  good  deal  smaller.  It 
is  true  that  bigger  pieces  occur ;  but  there  are  no  large  boulders. 
Several  holes  or  excavations  show  the  mass  to  be  very  homogeneous 
and  remarkably  devoid  of  any  foreign  fragments.  A  few  coarse 
water-worn  flints  occur,  generally  of  large  size — often  nearly  six  inches 
in  diameter,  and  frequently  with  a  white  chalk-like  exterior.  I  did 
not  find  any  trace  of  shells  or  other  fossils  in  those  I  picked  up. 
They  are  for  the  most  part  of  a  very  coarse  quartzy  character,  and 
are  whitish,  blackish-blue,  or  yellowish  in  colour,  and  are  generally 
unlike  the  flints  of  the  ridge  previously  described. 

The  peculiar  significance  of  this  gravel  (which  covers  a  tract  about 
two  miles  long  and  a  mile  broad)  lies  in  the  fact  that  it  is  not  a  drift- 
gravel,  but  an  accumulation  of  local  origin,  derived  from  the  quartz- 
beds  of  the  clay-slate  strata  on  which  it  rests.  The  pebbles  are  not 
pure  quartz,  but  contain  a  considerable  proportion  of  felspar,  whose 
decay  gives  to  the  mass  a  particularly  white  aspect. 

Thinking  it  of  some  importance  to  determine  the  precise  height  of 
this  ridge,  I  levelled  it  from  a  point  of  known  elevation  in  the  imme- 

diate neighbourhood,  and  found  the  summit  to  be  412  feet  above  the 
mean  level  of  the  sea. 

No  clay  was  found  overlapping  this  deposit ;  nothing  covers  it  but 
some  peat-moss.  I  should  say  that  it  had  formed  a  shoal  or  bank 
covered  by  very  shallow  water,  the  lashing  of  which  had  ground 
down  the  quartz  into  the  shingle  that  we  now  see.  Had  the  water 
been  of  any  depth,  there  would  have  occasionally  occurred  seams  of 
clay  or  fine  sand  interstratified  with  the  pebbles  ;  but  such  is  not  the 
case. 

No  transitory  flood  can  account  for  these  extensive  shingle-banks ; 
a  lengthened  period  of  time  is  demanded  for  grinding  down  the  hard 
quartzy  fragments  into  their  present  smoothly-rounded  form.  The 
thick  accumulations  of  finely-laminated  silt  which  line  the  lower  part 
of  the  Spey  valley  and  margin  the  surrounding  coast,  the  evidence 
of  the  molluscs  found  imbedded  in  their  native  mud,  together  with 
the  silent  testimony  of  these  gravelly  shoals,  all  converge  to  prove 
that  the  sea-waters  had  long  stood  over  this  part  of  Scotland  some 
450  feet  higher  than  the  present  coast-line. 

On  the  emergence  of  the  land  from  the  waters  of  this  Pleistocene 
sea,  I  find  evidence  that  the  country  had  attained  a  greater  elevation 
than  it  does  at  present.  This  is  shown  by  superficial  beds  of  peat 
passing  down  below  the  present  sea-margin. 

In  the  links,  or  low  sandy  flats,  adjoining  the  beach  at  Aberdeen, 
I  have  seen  peat  beneath  the  surface  of  the  sea-sand  ;  and  at  the 
mouth  of  a  small  rivulet,  which  divides  the  parishes  of  Belhelvie 
and  Foveran,  I  have  observed  a  formation  of  peat  passing  directly 
under  the  sea-beach. 
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Again,  in  the  statistical  account  of  Belhelvie,  by  the  minister  of  the 
parish,  the  late  Rev.  Dr.  Forsyth,  the  following  interesting  passage 
occurs: — "There  is  a  great  quantity  of  peat-moss  in  the  parish. Some  of  it  near  the  coast  is  considerably  under  the  level  of  the  sea, 
and  is  covered  to  the  depth  of  10  or  12  feet  by  sea-sand.  It  is  pro- 

bable that  this  moss  extends  a  considerable  length  out  to  sea,  and 
that  there  is  a  submarine  forest  in  this  bay  at  no  great  distance.  For 
on  Christmas  1799,  when  there  was  perhaps  the  most  dreadful  tem- 

pest that  any  person  remembered  to  have  seen  on  this  part  of  the 
coast,  several  cubical  blocks  of  peat-moss  were  cast  by  the  sea  upon 
the  sandy  beach,  some  of  them  containing  upwards  of  1 700  cubic 
feet.  Pieces  of  wood,  like  branches  of  oak-trees,  apparently  con- 

verted to  a  consistence  like  moss,  passed  through  these  blocks  in 
every  direction.  Both  moss  and  wood  were  perforated  by  a  number 
of  auger-worms  of  a  large  size ;  and  most  of  them  were  alive  in  their 
holes.  The  moss  was  of  a  much  harder  consistence  than  any  found 
in  this  part  of  the  country.  Such  large  blocks  could  not  have  been 
carried  to  the  sea  by  any  of  the  neighbouring  rivers  ;  for  they  were 
not  swelled  at  that  time,  but  were  all  firmly  bound  up  with  ice.  In 
general,  when  anything  like  a  tempest  occurs  at  sea,  a  considerable 

quantity  of  peat-moss  of  the  same  kind  is  cast  upon  this  sandy  beach; 
but  no  person  remembers  to  have  seen  it  in  so  large  masses  as  at 

Christmas  1799."  The  late  Prof.  MacGillivray,  in  his  account  of 
the  Mollusca  of  this  part  of  Scotland  (p.  306.),  also  states,  "  Dr. 
Fleming  informs  me  that  he  has  seen  Pholas  Candida,  as  well  as  Pholas 

crispata,  in  masses  of  peat  cast  on  the  beach  near  Donmouth." 
I  have  further  been  told  that,  in  the  Bay  of  Peterhead,  peat  is 

occasionally  brought  up  by  the  anchors  of  vessels  ;  and  in  the  Statis- 

tical Account  of  Fraserburgh  I  find  it  stated  that  "many  of  the 
benty  hillocks  which  skirt  the  bay  stand  upon  moss  or  clay ;  and  in 
1 760,  a  tree  with  roots  and  branches  and  a  stem  20  feet  long  was 

found  entire  under  the  sand  within  high-water  mark." 
In  the  Moray  Firth  a  submarine  forest  is  known  to  exist  between 

Burghead  and  Nairn. 
The  occurrence  of  extensive  fields  of  peat,  abounding  in  remains 

of  trees  such  as  the  Birch,  Fir,  Oak,  and  Hazel,  and  situated  on 
exposed  tracts  close  to  the  sea,  where  trees  can  hardly  be  got  to 
grow  at  the  present  day,  also  renders  it  probable  that  the  coast  was 
further  off  when  these  woods  flourished. 

Horns  of  large  extinct  species  of  oxen  have  been  found  in  the  sur- 
face-beds of  peat,  but  are  very  rare.  A  specimen  got  in  Belhelvie 

is  now  in  Marischal  College  Museum ;  another  found  at  a  place  called 

Tuchin,  in  the  parish  of  Cruden,  is  in  Slains  Castle*. 
I  have  also  in  my  possession  the  root-fragment  of  a  stag's  horn 

found  in  a  bed  of  peat  overlying  the  clay  at  Annochie  in  St.  Fergus. 
For  this  specimen,  as  also  some  other  interesting  fossils,  I  am  indebted 
to  Dr.  Gordon,  R.N.,  St.  Fergus. 

Into  the  subject  of  the  transport  of  boulders,  and  other  phsenomena 
*  Both  of  these  specimens  I  have  seen,  and  find  them  to  be  remains  of  the 

Bos  primigenius. — October,  1858.     T.  F.  J. 
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of  the  drift,  I  do  not  now  enter,  merely  remarking  that  blocks  from 
a  distance  and  striated  fragments  are  found  at  elevations  far  above 

what  I  have  mentioned  regarding  the  stratified  deposits  and  water- 
worn  gravels. 

In  this  paper  I  have  chiefly  sought  to  point  out  two  distinct 
periods,  or  resting-points,  in  the  Pleistocene  history  of  this  part  of 
Scotland : — one  when,  under  a  climate  much  colder  than  what  we 
now  enjoy,  the  land  sat  some  450  feet  lower  than  at  present ;  and  a 
subsequent  period  when  it  stood  higher  than  it  does  now,  and  when 
deer  and  great  wild  oxen  roamed  amongst  its  woods. 

Note. — Mr.  S.  P.  Woodward,  F.G.S.,  author  of  the  well-known 

'Manual  of  the  Mollusca,'  has  favoured  me  with  his  opinion  on  some 
of  the  shells  from  the  Pleistocene  beds  described  in  the  foregoing 

paper,  and  remarks  as  follows  :  — 
"  Most  of  the  shells  from  the  Annochie  clay  at  St.  Fergus  are 

examples  of  Nucula  tenuis  and  Leda  pygmcea.  All  the  largest 
shells  from  the  same  spot  are  Saxicava  arctica.  The  Lucina  ferru- 
ginosa  appears  to  be  rightly  named.  One  shell  is  a  Cryptodon, 
apparently,  but  quite  new  to  us.     The  Cylichna  is  like  C.  obtusa. 

"  Of  the  broken  shells  from  the  Kippet  Hills,  beside  the  Loch  of 
Slains,  are — 

"  Cyprina  Islandica,  Astarte  borealis,  Fusus  carinatus,  Tellina 
solidula,  and  Cardium  Norvegicum. 

"  There  are  two  specimens  of  the  Tellina  of  unusual  thickness  ; 
but  they  are  like  no  other  species. 

"  Those  from  Cruden  include — 

"  Pecten  opercularis,  Cardium  Norvegicum,  and  Trichotropis  bo- 
realis."— October,  1858. 

3.  Mr.  Kennedy  Macnab,  of  Inverness,  communicated,  in  a 
letter  to  the  Secretaries,  the  fact  of  flint  arrow-heads  and  whelk-shells 
having  been  found  at  the  depth  of  about  3  ft.  6  in.  beneath  the  sur- 

face of  a  moss,  covered  with  wood,  in  the  parish  of  Abernethy 
(Inverness  and  Elgin). 

4.  Mr.  Richard  Mason,  of  Tenby,  in  a  communication  to 
the  Secretaries,  offered  a  resume  of  the  evidences,  traditionary, 

historical,  and  physical,  of — 1st,  the  probable  depression  at  some 
pre-historic  period  of  an  extensive  tract  of  country,  covering  the  site 
of  the  Bristol  Channel  and  Cardigan  Bay  ;  and  2ndly,  of  the  more 
recent  elevation  of  the  land  in  the  neighbourhood  of  Tenby,  South 
Wales ;  the  elevated  district  being  apparently  confined  to  that  lying 
on  the  Carboniferous  Limestone.  Evidences  of  a  comparatively  recent 
depression  of  the  Cardiff  area  were  also  alluded  to. 
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March  10,  1858. 

Alfred  Williams,  Esq.,  C.E.,  Newport,  was  elected  a  Fellow ;  A. 
Escher  von  der  Linth,  Zurich,  and  E.  Deslongchamps,  Caen,  were 
elected  Foreign  Members. 

The  following  communications  were  read  : — 

1 .  On  the  Geology  of  the  Gold-fields  of  Victoria.  By  Alfred 
R.  C.  Selwyn,  Esq.,  Geologist  to  the  Colony  of  Victoria.  (In  a 
Letter*  to  Professor  A.  C.  Ramsay,  F.R.S.  and  F.G.S.) 

I  have  now  a  very  large  collection  of  genera  and  species  of  Silurian 

fossils,  many  of  them  known  forms,  and  many  new.  M'Coy  is 
going  to  examine,  describe,  and  figure  the  new  ones.  I  shall,  I  hope, 
soon  be  able  to  define  the  boundaries  of  the  Upper  and  Lower 

Silurian  rocks  in  this  colony.  Melbourne  stands  on  "  May  Hill 
Sandstone  ;"  and  to  the  eastward  I  find  a  very  gradually-ascending 
series,  including  probably  Wenlock,  Ludlow,  Devonian,  and  true 
Carboniferous  rocks,  with  Oolitic  coal-bearing  beds  resting  uncon- 
formably  on  the  Palaeozoic  strata.  To  the  westward  there  is  a 
descending  series,  from  Melbourne  towards  Ballarat,  which  I  much 
suspect  to  be  Cambrian. 

Lingulce,  like  those  of  Tremadoc,  are  abundant  in  the  rock  asso- 
ciated with  the  Bendigo  gold-quartz  mines.  In  beds  which  I  take 

to  be  equivalents  of  the  Llandeilo  flags,  Trilobites  are  very  abundant 
— many  of  them  recognizable  European  species.  I  enclose  a  list  of 
genera  (p.  537).  This  list  is  now,  however,  much  increased,  and  is 
being  added  to  daily. 

Gold-bearing  quartz- veins  extend  throughout  the  Silurian  rocks; 
and  their  richness  appears  to  me  to  be  dependent  more  on  their 
proximity  to  some  granitic  or  other  plutonic  mass  than  on  the  age 
of  the  rocks  in  which  they  occur.  As  far  as  I  am  aware,  these  gold- 
quartz  veins  do  not  extend  into  the  Oolitic  (?)  coal-bearing  rocks, 
which  are  evidently  of  newer  date  than  any  of  the  granitic  masses 
I  have  yet  examined. 

At  Steiglitz  (fig.  1),  we  have  granite  (a)  intruded  among  Silurian 
sandstone,  conglomerate,  slate,  &c.  (b),  which  are  cleaved  and  inter- 

sected by  veins  of  auriferous  quartz  (c),  and  contain  Graptolites, 
Lingulce,  &c,  and  perhaps  represent  both  Upper  and  Lower  Silurian 
strata.  The  granites  here  never  contain  gold  or  quartz-veins.  Similar 
auriferous  quartz-veins  traverse  the  Lower  Silurian  cleaved  sandstones 
and  slates  at  Bendigo  and  Ballarat,  as  shown  in  figs.  2  and  3.  These 
strata  also  contain  Graptolites,  Lingulce,  and  other  fossils. 

One  somewhat  remarkable  point,  in  connexion  with  nearly  all  the 
great  granitic  masses  that  I  have  examined,  is  that,  though  they 
invariably  alter  the  slate-rocks  near  their  junction,  and  send  veins 
into  them,  they  do  not  in  the  slightest  degree  affect  the  general 
strike  or  dip  of  the  latter,  but  appear  to  have  themselves  partaken 

*  Dated  10th  September  1857. 
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of  the  movements  which  have  placed  the  Silurian  rocks  in  their 

present  highly-inclined  and  contorted  positions,  and  given  them  their 
very  uniform  meridional  direction.  There  is  very  little  true  slaty 
cleavage  until  we  get  low  in  the  Llandeilo  beds. 

The  gold-bearing  drifts  that  rest  on  these  strata  are  of,  at  least, 
three  distinct  ages.  The  oldest  drifts  (No.  1,  figs.  1,  2,  3)  are,  I 
believe,  for  the  most  part,  freshwater  Miocene  deposits.  The  only 

fossils  hitherto  found  in  them  are,  however,  vegetable — consisting 
of  large  quantities  of  wood,  trunks  of  trees,  seed-vessels,  &c,  at 
various  depths  to  780  feet. 

The  deposits  themselves  consist  of  fine  clays — black,  yellow,  white, 
red,  and  mottled,  siliceous  sands  and  quartz-gravel,  with  large  water- 
worn  pebbles.  These  are  often  overlaid  by  sheets  of  lava,  in  the 
manner  shown  in  the  Bendigo  and  Ballarat  sections  (figs.  2  and  3, 2). 
The  rock  consists  of  basaltic  lava,  &c,  sometimes  porous,  sometimes 

solid  and  concretionary  ("bluestone"),  with  interposed  red,  white, 
and  yellow  sometimes  sandy  clay  (intersected  in  the  lava  in  fig.  3) . 
Whether  this  is  a  volcanic  or  ordinary  sedimentary  deposit,  is  at 
present  uncertain. 

Near  the  coast  there  are  distinct  and  undoubted  Miocene  beds, 

full  of  marine  shells,  occupying  (apparently)  the  same  geological  posi- 
tion relative  to  the  tertiary  sheets  of  basaltic  lava  that  the  gold- 

bearing  drifts  do,  which  I  consider  to  be  freshwater  Miocene  deposits. 
By  far  the  greater  portion  of  these  immense  sheets  of  lava  were 
spread  out  towards  and  during  the  close  of  the  Miocene  period ;  and 
their  irruption  has  evidently  had  nothing  whatever  to  do  with  the 
formation  of  the  gold.     The  trap-plains  to  the  westward  are  very 
extensive ;  and  there  is  every  probability  of  gold-deposits  existing 
underneath  the  trap  over  the  greater  portion  of  them.     The  limit, 
therefore,  to  the  period  during  which  these  Tertiary  gold-deposits  of 
Victoria  may  be  profitably  worked  may  be  regarded  as  indefinitely 
remote.     I  wrote  to  Jukes  four  years  ago  about  the  passage  of  these 

Miocene  gold-drifts  under  the  lava-plains*. 
The  gold- beds  above  referred  to  as  being  probably  of  Miocene 

age  extend  to  elevations  of  about  2000  feet  above  the  present  sea- 
level  ;  and  their  greatest  thickness,  including  contemporaneous  trap- 
pean  beds,  is  about  300  feet ;  at  least,  there  are  no  places  where 
they  have  yet  been  proved  to  exceed  that  thickness. 

Resting  on  the  lava-sheets  is  a  Pliocene  drift  (No.  3,  figs.  1,  2,  3), 
containing  gold  and  bones  of  extinct  and  living  marsupial  qua- 

drupeds. It  consists  of  clays,  sands,  and  angular  and  waterworn 
gravel,  formed  during  the  denudation  of  the  Miocene  drifts  and  trap, 
and  the  granites  and  Silurian  strata.  It  often  rests  on  the  Miocene 
beds  without  the  intervention  of  basalt ;  and  thus  two  gold-bearing 

"bottoms"  occur.  I  have  only  seen  one  instance  of  this  Pliocene 
drift,  or  rather  marine  beds  of  the  same  age,  being  overlaid  by  vol- 

canic matter, — viz.  at  "Tower  Hill,"  near  Warnambool,  where  raised 

*  Mr.  H.  Rosales  also  adverts  to  the  gold-drifts  that  are  older  than  the  basalt, 
in  his  paper  in  the  Quart.  Journ.  Geol.  Soc.  vol.  xi.  p.  397. — Edit. 
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estuary  beds,  with  shells  of  living  species,  are  overlaid  by  thick 

deposits  of  volcanic  ashes*. 
Resting  indifferently  on  any  of  the  older  deposits  is  a  third  or 

recent  gold-drift  (No.  4,  figs.l,  2,  3),  the  result  of  recent  and  existing 
atmospheric  and  fluviatile  action.  It  is  formed  by  the  waste  of  all 
the  older  deposits. 

The  mode  of  occurrence  of  the  gold  is  as  follows  : — It  is  found  at 
the  base  of  1,  3,  and  4,  when  resting  on  each  other,  or  on  the  Silurian 

gold-bearing  rocks  (6) ;  never  when  resting  on  the  trap  (2)  or  the 
granite  (a)  if  far  removed  from  the  Silurian  or  Miocene  rocks 
(6  and  1).  The  gold-bearing  gravels  are  the  result  of  the  immediate 
waste  of  older  masses,  and  have  not  been  transported  far.  This, 

however,  does  not  altogether  apply  to  the  eastern  gold-fields,  where 
gold  is  found  in  the  granite. 

As  a  general  rule,  the  heaviest  gold- deposits  and  the  largest  nug- 
gets are  found  only  at  the  base  of  the  Miocene,  Pliocene,  and  recent 

drifts  (1,3,  and  4)  when  they  rest  directly  on  the  Silurian  strata.  In 

the  Ballarat  section  (fig.  3),  at  the  line  marked  z,  three  "  bottoms'' 
or  deposits  of  gold  would  be  found  in  sinking  through  the  bases  of 
4,  3,  and  1. 

I  have  never  yet  been  able  to  discover  evidence  of  anything  re- 
sembling glacial  action ;  but  I  have  not  been  in  those  parts  of  the 

colony  where,  if  in  existence,  it  would  be  most  likely  to  be  seen,  viz. 
on  the  flanks  of  the  Australian  Alps. 

I  have  discovered  a  cave  in  the  basalt  of  Mount  Macedon,  a  few 
miles  north  of  Melbourne,  containing  bones  of  many  living  species, 

including  the  "Devil"  of  Tasmania,  not  now  living  on  the  mainland; 
and  also  the  Dingo,  or  native  dog.  In  the  bones  sent  by  my  assistant 

Aplin  and  myself  to  Professor  M'Coy,  he  recognized  "  two  fragments 
of  the  superior  maxillary  bone,  with  the  long  transverse  molar,  the 
smaller  molar,  and  the  second  molar,  together  with  two  rami  of  the 
inferior  maxillary  bone,  beyond  all  doubt,  of  the  Dingo  at  present 

Fig.  4 — Section  of  the  Ravine  and  Cave. 

a.  Basalt  (Miocene?). 
b.  Schists  and  sandstones  (Lower  Silurian). 
c.  Mouth  of  Cave. 

living  in  this  country."     In  the  cave  were  also  found  fragments  of 
the  skulls  of  what  appear  to  be  a  "new  genus  of  carnivorous  ani- 

*  See  Mr.  R.  B.  Smyth's  paper  on  the  Extinct  Volcanos  of  Victoria,  above, 
p.  231.— Edit. 
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mal,"  mingled  with  numerous  others,  in  the  same  state  of  preserva- 
tion, belonging  to  species  of  Halmaturus,  Dasyurus,  Hypsiprymnus, 

Macropus,  and  other  living  forms.  The  cave  itself  is  in  the  Miocene 
trap  (fig.  4)  ;  and  the  sides  and  top  of  the  passages  are  smoothed 
and  polished  by  the  friction  of  the  backs  and  sides  of  the  animals 
passing  in  and  out. 

The  elevation  of  the  ravine  is,  I  think,  about  1000  feet  above  the 
sea-level,  and  30  miles  inland.  The  matter  in  the  cave  consists 
entirely  of  a  very  dry,  powdery,  brown  earth.  There  is  not  a  particle 
of  moisture  in  any  part  of  the  cave,  and  no  calcareous  incrustations. 
The  bones  are  not  in  the  least  degree  mineralized.  When  we  found 
it,  all  the  passages  were  so  completely  filled  up  that  no  animal 
larger  than  a  rat  could  have  entered  them.  It  must,  I  imagine,  have 

been  filled  up  during  the  Pliocene,  or  what  I  call  the  "  post-trappean 
gold-drift  period."  (See  sections.) 

In  various  places  round  the  coast  I  have  found  what  I  believe  to 
be  Eocene  tertiary  beds.  They  consist  chiefly  of  blue  clays,  with 
septarian  bands  and  nodules  and  fine  sandy  loam,  full  of  selenite,  and 

very  rich  in  fossils, — the  whole  being  exceedingly  like  London  Clay, 
both  in  mineral  character  and  organic  contents.  They  are  certainly 
the  lowest  tertiary  beds  I  have  yet  seen  in  this  country. 

List  of  some  of  the  Palaeozoic  Fossils  collected  by  the  Geological 
Survey  of  Victoria  during  the  years  1855-56-57  : — 

Locality.  Genera,  &c. 

Quarries    near    Princes     Bridge,  "I    Atrypa,  Leptaena,Pentamerus,The- Melbourne     J       ca,  Chonetes  (5). 
Collingwood      Orthis,  Crinoidea  (2). 
University  Quarries   Crinoid  stems. 

M:1rMe^"e)d.(7.5.n::!es.n.?* } At^ pent™  °rtws- 
f  Orthis,  Pentamerus,  Atrypa,  Lin- 

gula,    Calymene,    Murchisonia, 

Moone  Ponds  Creek,  Flemington,   |       Chemnitzia,  Sanguinolites,  Ste- 
3  miles  north  of  Melbourne. —  ■{       nopora,  Cucullella,  Orthoceras, 
17  Genera    t    Loxonema,  Theca,  Uraster,  Fa- 

vosites,  Gasteropoda,  Cycloceras, 

^       and  Starfish  (20). 

Orthoceras,  Atrypa,  Chonetes,  Lin- 
gula,  Orbicula,  Cucullella,  Or- 

this, Petraia,  Murchisonia,  Grap- 
tolites  latus. 

Merri  Creek,  15   miles  north  of 
Melbourne    

View  Hill  Creek,  Upper  Yarra,  35  1   LeptSena,  Petraia,  Theca,  Starfish, miles  east  of  Melbourne    J 

(  Orthis,  Atrypa,  Leptaena,  Stropho- 
j       mena,  Rhynchonella,  Pentame- 

Yerring,  ditto,  ditto       \       rus,  Petraia,  Stenopora,  Crinoid 
|       stems,     Holopella,      Esmondia, 
^      Starfish,  Cheirurus  (30). 
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Locality.  Genera,  &c. 

f  Calymene,  Belerephon,   Psammo- 
Simmonds  Bridge,  Upper  Yarra,  J       bia,Othoceras,Nucula,Leptaena, 

40  miles  east  of  Melbourne  ...   |       Atrypa,  Strophomena,  Pentame- 
l      rus,  Cycloceras,  Conularia. 

Anderson's  Creek,  25  miles  east  |"  Stenopora,  Palaeopora,  Favosites, of  Melbourne.  Impure  lime  <  Petraia,  Orthis,  Spirifer,  Crinoid 
stone          I       stems. 

nv       n,     i     ,,,     -,.,  f  Stenopora,  Calymene,  Pentamerus, 
Deep  Creek,  ditto,  ditto    <       Atrypa 

Watson's  Creek  Unner  Yarra  15   f  Atrypa,  Stro
phomena,  Pentamerus, Watson  s  creek.  Upper  Yarra,  id   I       Qrthis,    Avicula,   Actinocrinus, 

miles  east  of  Melbourne    |      Stenopora,  Cyathocrinus. 

/  Pleurodictyum  (2  sp.  new),  Beyri- 
chia,  Petraia,  Pleurotomaria, 
Portlockia,  Orthoceras,  Favo- 

sites, Atrypa,  Bellerophon,  San- Woori  Yalloch    Creek    junction 
with  Yarra,  45  miles   east  of  < 
Melbourne    

guinolites,  Cheirurus,  Pentame- 
rus, Conularia,  Orthis,  Cucul- 

lella,  Lichas,  Loxonema,  Steno- 
pora, Palaeopora,  Actinocrinus, 

I       Sphaerexochus. 

treta. Holden,  18  miles  N.  by  W.  from  f  Diplograpsusre
ctangularis  D  pris- 

Melbourne    ]       ?'.   Dldym°graPsus>    Siphono- 

Keilor,  10  miles  N.  W.  from  Mel 
bourne   

Thence  75  miles  N.W.,  Graptolites  in  great  variety,  and  Lingulae.    No  other 
in  the  beds  to  the  N.W. 

>  Graptolites,  Cheirurus. 

Thus  we  have  about  60  genera  of  Silurian  fossils,  including  many 
new  species. 

2.  On  the  Gold-field  of  Ballaarat,  Victoria.  By  Mr.  John 
Phillips,  C.E.,  Surveyor  in  the  Government-Service  of  Victoria. 
(Communicated  by  Sir  R.  I.  Murchison,  V.P.G.S.) 

[Abstract.] 

All  the  Victorian  gold-fields  are  near  granite,  and  some  are  on  it. 
The  granite  at  Ballaarat  is  fine  and  even-grained ;  and  the  schists 
lie  against  it.  Between  these  rocks  the  junction  is  abrupt ;  there 
is  little  or  no  gneiss,  and  no  porphyritic  or  other  veins  were  ob- 

served. The  schists  are  greenish,  and  are  occasionally  chloritic, 

micaceous,  aluminous,  and  siliceous,  and  are  traversed  by  quartz- 
veins,  from  less  than  an  inch  to  one  foot  in  thickness.  The  schists 
in  the  upper  portion  are  more  quartzose,  and  contain  oxides  of  iron ; 
lower  down  they  are  more  aluminous  and  contain  pyrites.  Their 
strike  is  rather  uniform,  nearly  coinciding  with  the  true  meridian, 
while  the  cleavage  and  quartz-veins  are  not  regular  in  strike. 

The  workings  at  Ballaarat  have  exhibited  a  section  of  300  feet  in 

thickness,  consisting  of  gravels,  sands,  clays,  and  trap-rocks.  The 
oldest  drift  or  gravel  (a  beach-like  conglomerate)  is  found  not  in  the 
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deep  section,  but  on  the  surface  of  the  schist-country.  It  is  regarded 
as  of  marine  origin  by  the  author,  and  is  composed  of  quartz,  and 
contains  gold  at  its  base.  Another  drift  has  been  deposited  in  gullies 
cut  through  the  oldest  drift  and  deep  into  the  schists.  This  also  is 
auriferous,  and  is  covered  by  an  ancient  humus,  which,  in  the  deep 
section,  is  found  to  contain  stems  of  trees,  and  to  be  covered  over  by 
a  trap-rock  enclosing  upright  trees.  This  fossil  wood  is  usually  but 
little  altered  in  its  texture  and  ligneous  qualities  ;  its  colour  is  changed 
from  that  of  red  birch  to  cocoa  or  lignum-vitse.  But  some  of  it  has 
passed  into  jet ;  and  both  the  charred  and  the  uncharred  woods  have 

Sketch-plan  of  a  part  of  the  Valley  of  the  Tarrowee,  showing  the 
relations  of  the  ancient  and  the  existing  gullies. 

c. d. 
e. 

/• 

Diggings.    Elevation.  Depth. 
1  1182  190 
2  1200  162 
3  1250  130 
4  1280  180 
5  1300  160 
6  1325  165 
7  1347  115 
8  1430  22 

(Some  other  points  of  elevation 
are  given  on  the  plan.) 

VOL.  XIV.   PART  I. 

Schists.  b.  Trap-rocks. 
Gravels,  mostly  diluvial  and  partially  lacustrine. 
Gravels,  marine  (?). 
Former  course  of  the  river  and  its  branches. 
Present  river- course. 

Diggings. 9 Milkmaid. 
10 Malakoff. 
11 Nightingale. 
12 Golden  Point. 13 

Gravel-pits. 
14 Bakery  Hill. 
15 Canadian. 
16 Black  Hill. 

17 

Lady  Berkeley 

18 
Eureka. 

2  N 
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much  bright  pyrites  in  them.     The  flora  of  this  old  land-surface 
resembles  that  of  the  present  day. 

This  first  trap  is  covered  by  green  and  brownish  clay  and  sand, 
which  are  succeeded  by  another  trap,  having  a  line  of  charred  vege- 

table matter  at  its  base,  and  also  having  a  similar  covering  of  clay 
and  sand.  These  clay-  and  sand-deposits  are  regarded  by  the  author 
as  being  of  lacustrine  origin  ;  the  volcanic  rocks  having  dammed  up 
the  old  river-courses  that  formed  the  gully-drifts,  and  caused  the 
drainage  water  of  the  region  to  be  accumulated  in  lakes. 

The  next  deposit  is  a  coarse  ochreous  quartzose  drift,  considered 
by  the  author  to  be  the  effect  of  some  sweeping  deluge ;  and  this  is 
also  overlaid  by  a  third  bed  of  trap-rock,  with  the  charred  remains 
of  a  forest  intervening.  This  trap  is  covered  by  a  mottled  clay  of 
pure  quality,  also  regarded  as  lacustrine. 

A  fourth  trap  succeeds,  covered  by  a  superficial  quartzose  drift  (of 
diluvial  origin,  according  to  the  author),  and  lying  on  one  side  of  the 
schistose  hills,  which  are  clearly  denuded  on  the  other. 

In  the  basin  of  the  Yarrowee,  which  is  covered  chiefly  with  this 

gravel,  the  author  traces  the  run  of  the  "gold-leads"  or  old  gullies, 
which  have  only  an  approximative  resemblance  to  the  ramifications  of 
the  present  river  (see  the  Plan).  These  ancient  gullies  or  leads 
had  a  very  uniform  fall,  which,  from  the  smallness  of  the  contents  of 
the  gullies,  must  have  been  as  rapid  as  16  in  1000,  while  the  present 
fall  of  the  Yarrowee  is  only  8  in  1000. 

Mr.  Phillips  urges  that  all  the  basin  between  the  gold-leads  may 
be  wrought  by  the  aid  of  the  water-power  of  the  Yarrowee, — a  thou- 

sand horse-power  being  now  allowed  to  run  waste,  which,  by  means 
of  reservoirs  could  be  made  available. 

The  author  adds  that  silver-nuggets  have  been  reported  on  good 
authority  to  have  been  found  within  thirty  miles  of  Ballaarat.  He 
further  observes  that,  whilst  surveying  the  district,  oscillations  of 
the  spirit-bubble  indicated  a  rocking  of  the  earth,  and  that  the 
country  in  places  sounds  hollow,  like  a  wooden  bridge,  horses  even 
noticing  it  in  passing. 

3.  On  the  Gold-diggings  at  Creswick  Creek  and  Ballaarat. 
By  Mr.  W.  Re  daw  ay.  (Communicated  by  Sir  R.  I.  Murchison, 
V.P.G.S.) 

[Abstract.] 

Mr.  Redaway  noticed  first  the  "bluestone"  or  concretionary 
basaltic  lava  at  Creswick  Creek,  which  composes  also  the  rough 
bouldered  surface  of  the  country  to  a  great  extent.  In  the  plains 
formed  of  this  volcanic  rock,  small  lakes  or  water-holes,  from  3  to 
12  feet  in  diameter,  are  in  some  places  frequent. 

At  Creswick  Creek  the  different  diggings  perforate  varying  thick- 
nesses of  the  bluestone,  from  17  to  20  feet.  Under  this  is  30  feet 

of  solid  clay  ;  then  darkish-coloured  quartzose  gravel,  with  abundant 
remains  of  wood,  to  a  depth  of  about  80  feet ;  and  under  this  the 
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"gutters,"  "leads,"  or  "  runs"  of  auriferous  quartzose  gravel — or 
"wash-dirt" — are  met  with  on  the  surface  of  the  slate  or  on  pipe- 

clay.    The  pits  vary  considerably  in  the  sections  they  afford. 
The  fragments  of  wood  in  the  gravel  are  of  all  sizes,  from  tree- 

trunks  3  or  4  feet  in  diameter,  to  branches  and  twigs ;  and  this 
drift  is  throughout  impregnated  with  woody  particles,  giving  it  a 
black  appearance,  especially  towards  the  bottom.  The  cones  of  the 

"  honeysuckle,"  or  Banksia  *,  have  been  found  not  unfrequently  in 
this  drift.  These  are  very  brittle  ;  but  the  wood  is  often  well  pre- 

served. Thin  horizontal  layers  of  very  hard  rock  are  imbedded  in 
the  gravel. 

Some  of  the  "gutters"  or  "leads"  were  drawn  by  the  author  on 
plans,  showing  their  course  beneath  this  drift  across  the  present 

gullies  and  from  hill  to  hill — especially  the  "  Black  Lead  "  and  the 
"  White  Lead,"  underlying  Little  Hill, — one  of  them  having  a  branch 
from  under  Clarke's  Hill,  and  both  uniting  before  passing  under 
Slaughter  Yard  Hill. 

At  Ballaarat,  Mr.  Redaway  observed,  in  a  pit  on  Sevastopol  Hill, 
two  layers  of  bluestone  (the  second  bed  about  80  feet  thick)  above 

the  gold-drift  or  "  wash-dirt,"  together  with  stiff  clays  and  quartzose 
gravels.  Here  the  author  traced  some  gold-runs — the  "French- 

man's Lead,"  "White  Horse  Lead,"  and  "Terrible  Lead  " — running 
parallel  to  each  other  in  a  direction  transverse  to  that  of  the  present 

gully,  and  from  hill  to  hill.  Like  all  other  "leads,"  these  rise 
generally  in  the  neighbourhood  of  a  quartz- vein  ("  quartz-reef"), 
are  shallow  at  first,  2  or  3  feet  in  depth,  and  gradually  get  deeper. 

4.  On  some  Outline-drawings  and  Photographs  of  the  Skull 
of  Zygomaturus  trilobus,  Macleay,  from  Australia.  By  Prof. 
Owen,  F.R.S.,  F.G.S. 

[Abstract.] 

(The  publication  of  this  Memoir  is  unavoidably  postponed.) 

About  a  month  since,  Prof.  Owen  received  from  Sir  R.  Murchison 
seven  photographs,  three  of  which  are  stereoscopic,  of  perhaps  the 
most  extraordinary  Mammalian  fossil  yet  discovered  in  Australia. 

These  photographs,  with  a  brief  printed  notice  of  their  subject  by 
William  Sharp  Macleay,  Esq.,  F.L.S.,  and  some  MS.  notes  by  J.  D. 
Macdonald,  M.D.,  R.N.,  had  been  transmitted  to  Sir  R.  Murchison 
by  His  Excellency  Governor  Sir  W.  Denison,  from  Sydney,  New 
South  Wales  ;  and  by  desire  of  Sir  Roderick  the  Professor  brought 
the  subject  under  the  notice  of  the  Geological  Society  of  London,  to 
whom  Sir  Roderick  desires  to  present  the  photographs  on  the  part 
of  His  Excellency  Sir  W.  Denison. 

Professor  Owen  had  some  weeks  previously  received  from  George 
Bennett,  Esq.,  F.L.S.,  of  Sydney,  outlines  of  the  same  fossil  skull, 

*  Some  of  the  cones  brought  by  Mr.  Redaway  were  submitted  by  Sir  R.  Mur- 
chison to  the  late  Dr.  Robert  Brown,  who  identified  them  as  belonging  to  the 

Banksia. 

2n2 
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made  by  him  on  the  reception  of  the  specimen  by  the  authorities  of 
the  Australian  Museum  at  that  town ;  and  the  Professor  had  penned 
notes  of  his  comparisons  of  these  sketches  before  receiving  the 
photographs  and  descriptions  of  the  fossil  skull  from  Sir  R.  I.  Mur- 
chison. 

This  unique  and  extraordinary  skull  of  a  probably  extinct  Mam- 
mal, together  with  other  bones,  but  without  its  lower  jaw,  were 

found  at  King's  Creek,  Darling  Downs, — the  same  locality  whence 
the  entire  skull  and  other  remains  of  the  Diprotodon  had  been  ob- 
tained. 

Mr.  Macleay  has  described  the  fossil  under  notice  as  belonging 
to  a  marsupial  animal,  probably  as  large  as  an  Ox,  bearing  a  near 
approach  to,  but  differing  generally  from,  Diprotodon.  He  has 
named  it  Zygomaturus  trilohus.  The  skull  has  transversely  ridged 
molars,  and  a  long  process  descending  from  the  zygomatic  arch,  as 
in  the  Megatherium  and  Diprotodon,  and  exhibits  an  extraordinary 
width  of  the  zygomatic  arches.  The  skull  at  its  broadest  part, 
across  the  zygomata,  is  15  inches  wide,  and  is  18  inches  long.  In 
Diprotodon  the  skull  is  about  3  feet  long  by  1  foot  8  inches  broad  ; 
so  that  while  the  latter  must  have  had  a  face  somewhat  like  that  of 

the  Kangaroo,  the  Zygomaturus  more  resembled  the  Wombat  in  the 
face  and  head. 

Prof.  Owen  stated  that,  from  the  evidences  afforded  by  the  photo- 
graphs, he  finds  the  dentition  of  this  upper  jaw  to  consist  of  three 

incisors  and  five  molars  on  each  side,  of  which  the  first  appears  to  be 

a  premolar  and  the  rest  true  molars,  i.e.  i.  — ,  c   ,p. — ,m. —  , 
agreeing,  in  this  formula,  with  Macropus  and  Diprotodon.  The  mo- 

difications of  this  dentition  resemble  those  of  the  latter  genus  in  the 
retention  of  the  premolar  after  the  last  true  molar  has  come  into 
its  place,  and  in  the  superior  size  of  the  first,  as  compared  with  the 
second  and  third  incisors.  He  then  described  in  detail  the  sockets 
of  the  incisors,  and  the  form  and  conditions  of  the  molar  teeth, 
which  are  highly  characteristic  of  the  marsupiality  of  this  huge  and 
most  strange  extinct  quadruped.  The  cranial  characters,  which 
were  next  described,  equally  elucidate  this  affinity.  The  peculiar 
facial  bones  were  then  described  in  detail,  that  portion  in  advance 
of  the  orbits  forming,  as  it  were,  a  short  pedunculate  appendage  to 
the  rest  of  the  skull,  increasing  in  a  remarkable  manner  in  both  ver- 

tical and  lateral  extent  as  it  approaches  the  muzzle,  but  not  offering 
sufficient  evidence  of  having  borne  a  nasal  horn,  as  thought  to  be 
probable  by  Mr.  Macleay.  The  cavity  of  the  nose  is  divided  by  a 

bony  septum, — a  character  which  Prof.  Owen  has  lately  found  to 
exist  also  in  a  rare  species  of  living  Wombat — to  a  much  greater  ex- 

tent than  in  other  known  marsupials.  Wholly  concurring  in  Mr. 

Macleay' s  conclusions  as  to  the  marsupial  nature  of  the  fossil  in 
question,  Prof.  Owen  does  not  find,  in  the  absence  of  an  opportunity 
of  comparing  the  structure  of  the  teeth  themselves,  that  it  exhibits 
evidences  of  a  generic  distinction  from  Diprotodon.  The  Professor 
suggested,  however,  that  probably  the  lower  jaw,  when  found,  may 
show  some  peculiarities  of  dentition  and  proportions  similar  to  those 
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on  which  he  had  founded  the  genus  Nototherium,  with  one  species 
of  which,  N.  Mitchelli,  the  cranium  in  question  agrees  in  size. 

5.    On   the   Gold-Diggings   at    Ballaarat.      By   Henrique 

Bosales,  Esq.     (In  a  letter  to  "W.  W.  Smyth,  Esq.,  Sec.  G.S.) 

"  By  the  aid  of  machinery,  and  through  the  alteration  of  the  mining- 
regulations  granting  extended  claims,  the  old  ground  has  been  pro- 

fitably re-worked  :  and,  by  the  introduction  of  the  frontage-system, 
which,  according  to  the  difficulties  to  be  overcome,  grants  extensive 

claims  on  new  ground,  the  present  '  leads,5  most  of  which  are  N.W. 
of  the  Gravel  Pits,  under  the  townships,  are  advantageously  worked. 
The  amalgamation  of  three  or  more  claims  is  also  allowed,  the  miners 
having  then  to  put  down  only  one  shaft. 

"The  engines  most  in  use  are  stationary,  of  from  15  to  20  horse- 
power, with  winding  and  reversing  gear.  To  the  end  of  the  winding- 

gear-shaft  is  attached  the  crank  for  the  pump  ;  and  the  motion  is  also 
taken  to  drive  a  puddling  machine,  which  is  nothing  but  the  arrastra 
working  without  mercury.  The  depth  of  sinking  averages  about 
300  feet,  of  which  in  some  instances  there  are  as  much  as  200  of 
basalt  to  be  cut  through. 

"At  the  junctions  of  the  Frenchman's  and  White  Horse  Leads,  in 
the  Eldorado,  the  remains  of  a  tree  were  found  in  an  undisturbed 

position,  with  the  roots  fast  in  the  wash- dirt. 

"It  might  also  be  interesting  to  you  to  know  that  at  Poverty 
Point  the  deep  gold-channel,  with  a  N.W.  strike  (figs.  1  &  2,  1,1),  is 

Fig.  2. — Vertical  plan  of  the 
"Runs." 

Fig.  1 . — Horizontal  plan  of 
the  "Runs." 

Wff 

Y 
1.  Present  water-course,  atTthe  surface. 
2.  An  older  water-course,  or  "run." 
3.  The  oldest  and  lowest  "  run,"  or  "  gold-channel." 

crossed  at  about  140  feet  higher  by  the  shallow  gold-channel  (2,2), 
which  has  a  strike  of  N.E.  by  E.,  and  which  again,  in  its  turn,  is 
crossed  at  a  level  of  20  or  30  feet  still  higher,  by  the  present  water- 

course (3,3),  the  strike  of  which  is  W." 
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Presented  by  the  respective  Societies  and  Editors. 

American  Journal  of  Science  and  Arts.   2nd  Series,  vol.  xxv.  No.  74. 
March  1858.     From  Prof.  B.  Silliman,  For.  Mem.  G.S. 

A.  A.  Gould.— Obituary  notice  of  Prof.  J.  W.  Bailey,  153. 
J.  Wyman. — Batracliian  Reptiles  from  the  Coal-formation  of  Ohio, 

158. 
T.  E.  Clark.— Fiehtelite,  164. 
R.  Owen. — Classification  of  the  Mammalia,  177. 
G.  J.  Brush.— Chalcodite,  198. 
L.  Agassiz. — Contributions  to  the   Natural  History  of  the  United 

States  [noticed],  202. 
T.  S.  Hunt.— Ophiolites,  217. 
W.  P.  Blake.— Chalchihuitl  of  the  Mexicans,  227. 
C.  Johnston. — Microscopical  Preparations,  233. 
R.  P.  Stevens. — New  Carboniferous  Fossils,  258. 
Dumas. — Equivalents  of  the  Elements,  267. 
Buff  and  Wohler. — New  Compounds  of  Silicon,  270. 
Wohler  and  Deville. — New  researches  on  Boron,  271. 
J.  Pliicker. — Magnetic  Induction  of  Crystals,  272. 
H.  Falconer. — Mastodon,  274. 
E.  Daniels. — Geological  Survey  of  Wisconsin,  275. 
J.  Dawson. — Pliocene  Deposits  of  Montreal,  275. 
J.  Hall.— Crinoids  of  New  York,  277- 
DeMorlot. — Cervus  eurycerosl  in  Canton  Berne,  279. 
A.  R.  Wallace. — Former  Connexion  of  Australia,  New  Guinea,  and 

the  Aru  Islands,  280. 
Earthquake  in  Italy,  280. 
W.  Stein.— Coal  of  Saxony,  283. 
Elephantine  Remains  near  Mexico,  283. 
D.  D.  Owen. — Geological  Survey  of  Kentucky,  283. 
Leo  Lesquereux  and  H.  D.  Rogers. — New  Species  of  Fossil  Plants 

from  the  Pennsylvanian  Coal-fields,  286. 
J.  G.  Norwood. — Geological  Survey  of  Illinois,  286. 
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American  Journal  of  Science  and  Arts  (continued). 

T.  S.  Hunt. — Silicates  of  Alkalies  and  Metamorphic  Rocks,  287. 
R.  B.  Smyth. — Extinct  Volcanos  of  Victoria,  Australia,  289. 
G.  M.  Sanders. — System  of  Instruction  in  the  Practical  Use  of  the 

Blow-pipe  [noticed].  300. 
G.  C.  Swallow. — Permian  Strata  in  Kansas,  305*. 

  .     No.  75.     May  1858. 

Agassiz. — Contributions  to  the  Natural  History  of  the  United  States 
[noticed],  321. 

T.  S.  Hunt. — Extraction  of  Salts  from  Seawater,  361. 

J.  J.  Dana.— Fifth  Supplement  to  Dana's  '  Mineralogy,'  396. 
T.  S.  Hunt.— Origin  of  Feldspars,  435. 
  .     Euphotide  and  Saussurite,  437. 
Von  Hauer. — Equivalents  of  Cadmium  and  Manganese,  438. 

F.  B.  Meek  and  F.  V.  Hayden—  Fossils  of  Nebraska,  439. 
  .     Permian  Fossils  of  Kansas  and  New  Mexico,  442,  451. 

Kosakewitsch  and  Hallstrom  —  Rise  of  the  Shores  of  the  Baltic,  443. 

Walferdin—  Temperature  of  the  Earth  at  great  depths,  443. 

W.  E.  Logan. — Geological  Survey  of  Canada,  444. 
Miscellaneous,  446. 

Assurance  Magazine.     Vol.  vii.  part  5.  No.  31.     April  1858. 

Athenaeum  Journal  for  April,  May,  and  June.     From  C.  W.  Dilke, 

JEsq.,F.G.S. 
Notices  of  Scientific  Meetings,  &c. 

J.  C.  Warren.— Description  of  a  Skeleton  of  the  Mastodon  giganteus, 495. 

R.  P.  Gregg  and  W.  G.  Lettsom. —Manual  of  Mineralogy  of  Great 
Britain,  497.  P      .     „   „AC 

Sir  W.  Jardine.— Memoirs  of  H.  E.  Strickland  [noticed],  74b. 

Bent's  Monthly  Literary  Advertiser.     Nos.  647-650. 

Berlin.     Monatsbericht  Konigl.  Preuss.  Akad.  Wissensch.     Sept.- Dec.  1857. 

Ehrenberg, — Ueber  die  organischen  Lebensformen  in  grossen  Tiefen 
des  Mittelmeeres,  538. 

Brussels.     Annuaire  de  1' Academic  Royale  des  Sciences,  des  Lettres 
et  des  Beaux- Arts  de  Belgique,  1858. 

J.  J.  d'O.  d'Halloy—  Notice  sur  Andre  Dumont,  91. 

       Bulletins  de  l'Academie  Royale  des  Sciences,  des  Lettres 

et'des   Beaux-Arts  de  Belgique.     26meAnn^e,  2me  Serie,   1857. Vol.  i. 

  .     Vol.  ii. 

Dewalque.— Sur  les  gres  liasiques  du  Luxembourg,  345  (map). 

De  Koninck,— Sur  deux  nouvelles  especes  silunennes  du  genre  
Chiton, 

190  (plate). 

       Memoires  Couronnes,  et  autres  memoires  publi
es  par  l'Aca- 

demie  Royale   des   Sc,    etc.    de   Belgique.     Collection  in
  8vo. 

Vol.  vii.   1858. 

A.  Perrey.— Documents  sur  les  tremblements  de  terre  
au  Pe'rou  dans 

la  Colombie  et  dans  le  bassin  de  l'Amazone. 
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Caen.     Bulletin  de  la  Socie'td  Linneenne  de  Normandie.      Vol.  i. 
Anne'e  1855-56.     1856. 

E.  Deslongchamps. — Une  coupe  geologique  a  Eurecy  (Calvados),  17 

(plate). 
  .     Sur  le  Combrash  a  Lion-sur-mer  (Calvados),  25  (plate). 
E.  Suess. — Sur  le  genre  Meganteris,  56  (plate). 
E.  Deslongchamps. — Sur  deux  nouveaux  Brachiopodes  des  Terrains 

Cretaces  du  Dep.  de  la  Manche,  68  (plate). 

  .     Sur  la  Geologie  de  la  presqu'ile  Nord,  dep.  de  la  Manche,  76. 
A.  Perrier. — Sur   le    Kelloway-rock   et   le   Combrash   des   environs 

d'Argetan,  81. 
E.  Deslongchamps. — Catalogue  des  Brachiopodes  de  Montreuil-Bel- 

lay,  95  (plate). 
  .     Sur  le  genre  Eligmus,  105  (plate). 
Levavasseur. — Fossiles  tertiaires  de  Fleury-la-Riviere,  119. 
Promenade  geologique  a  Harcourt,  126. 

Canadian  Journal  of  Industry,  &c.    New  Series,  No.  15.    May  1858. 

T.  S.  Hunt. — Theory  of  Igneous  Rocks  and  Yolcanos,  197. 
E.  J.  Chapman. — Assaying  Coals  by  the  Blow-pipe,  208. 
  .     New  Canadian  Trilobites,  230. 

Agassiz. — Contributions  to  Natural  History  [noticed],  243. 
Geological  Survey  of  Canada,  260. 
Permian  Rocks  in  the  United  States,  261. 
Fossil  Batrachians  from  the  Coal-strata  of  Ohio,  261. 
Chalcodite,  Saussurite,  &c,  262. 
Alleged  discovery  of  Gold  in  Western  Canada,  262. 

Canadian  Naturalist  and  Geologist,  and  Proceedings  of  the  Natural 
History  Society  of  Montreal.     Vol.  iii.     Nos.  1  &  2.     1858. 

Things  to  be  observed  in  Canada,  1 . 
Metallurgy  of  Iron,  13. 
Results  of  Geology,  67. 
Permian  Fossils  in  Kansas,  80. 
Geological  Survey  of  Canada,  81. 
T.  S.  Hunt. — Extraction  of  Salts  from  Seawater,  97. 
W.  E.  Logan. — Ice  in  the  St.  Lawrence,  115. 
J.  Hall. — Graptolithus,  139  (plate). 

Chemical  Society,  Quarterly  Journal.    Vol.  xi.   parti.    April  1858. 

F.  Field. — Arseniates  of  Baryta,  Lime,  and  Magnesia,  6. 
J.  Liebig  and  C.  Daubeny. — Chemical  Action  of  Roots  in  Soils,  53. 

Cherbourg.      Memoires  de  la  Soc.  Imp.  Sc.  Nat.   de  Cherbourg. 
Vol.  iv.     1856. 

Bonissent. — Sur  le  gisement  de  quelques  roehes  du  departement  de 
la  Manche,  281. 

E.  Liais. — Appareil  destine  a  puiser  de  l'eau  de  mer,  289. 

Colliery  Guardian.     Nos.  13-16,  18-26.     March  to  June,  1858. 

W.  W.  Smyth.— Mineralogy,  196,  197,  212,  213,  228,  229,  244,  245, 
323,  339,  388 ;  Coal,  356,  372;  Salt  and  Barytes,  404  ;  Metamor- 
phism  of  Rocks,  340;  Stratification,  356,  373,  404. 

A.  C.  Ramsay.— Strata,  Fossils,  Glaciers,  197,  213,  229,  245  ;  Central 
Heat,  275 ;  Volcanos,  292 ;  Earthquakes,  308. 

R.  Owen.— Fossil  Birds  and  Reptiles,  198,  214,  229. 
H.  Mackworth.— Smelting  Iron-ore,  198  ;  Boring,  277  ;  Metals,  230. 
M.  Frvar.— Coal,  214. 
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Colliery  Guardian  (continued). 

E.  W.  Binney. — The  Lower  Coal-field  of  Lancashire,  246. 
Henry.— Chemistry  of  Minerals,  275,  292  ;  Blowpipe,  308. 
R.  Owen.— Fossil  Reptiles,  276,  293,  309. 
J.  A.  Phillips. — Progress  and  Present  State  of  British  Mining,  2/7. 
J.  Tennant.— Composition  of  Rocks,  294,  309 ;  Mineralogy,  340,  389. 
L.  Brough. — Working  Mines,  310. 
C.  Sanderson. — Iron,  310,  325. 
R.  Godwin- Austen. — Probability  of  Coal  beneath  London,  341. 
R.  Owen. — Oolitic  Crocodilia,  357. 
Museum  of  Practical  Geology,  357. 
T.  Sopwith.— Dean  Forest  Coal-field,  373. 
H.  D.  Rogers. — Anthracite  of  Pennsylvania,  375. 
P.  S.  Hamilton. — Coal-fields  of  Nova  Scotia,  375. 
A.  Melville.— Geology,  389,  405. 
J.  W.  Watson. — Ironstone  of  Dean  Forest,  390,  406. 
Iron- districts  of  Great  Britain,  405. 

Copenhagen.  Videnskabelige  Meddelelser  fra  den  naturhistoriske 
Forening  i  Kjobhavn  for  Aarene  1849  og  1850  ;  og  for  Aaret  1852. 
From  Sir  C.  Lyell,  F.G.S. 

Critic.     Nos.  408-410. 

Notices  of  Scientific  Meetings,  &c. 

France.      Congres   Scientifique   de   France.     22ine   Session,    1855, 
vol.  ii.  1856. 

G.  P.  Scrope. — Sur  les  Phenomenes  Volcaniques,  779. 
Geologist.     Vol.  i.     Nos.  4,  5,  6.     April  to  June,  1858. 

G.  E.  Roberts. — Lower  Carboniferous  beds  of  the  Clee  Hills,  121. 
G.  P.  Bevan. — Geology  of  Beaufort  and  Ebbw  Vale,  South  Wales,  124. 
S.  J.  Mackie.— -Common  Fossils,  134,  238. 
J.  Morris. — Stratigraphical  Catalogue  of  British  Fossils,  138, 1 89, 233. 
J.  E.  Vaux. — Lord  Dufferin's  notices  of  Volcanic  Phenomena  in  Ice- 

land, 142,  175. 

T.  L.  Phipson. — Foreign  Geological  Notices,  149,  194,  243. 
P.  Gervais. — Teeth  of  Auchitherium  from  the  Isle  of  Wight,  153. 
D.  T.  Ansted.— Gold  in  Wales,  154. 
A.  C.  Ramsay. — Physical  Structure  of  Merionethshire  and  Caernar- 

vonshire, 169  (plate). 
L.  de  Koninck. — New  Palaeozoic  Crinoids,  178. 
J.  Buckman. — Coal-seeking,  184. 
T.  R.  Jones. — Artificial  Human  Foot-prints,  204. 
J.  W.  Watson. — Ironstone  of  the  Forest  of  Dean,  218. 
P.  B.  Brodie. — Geology  of  Gloucestershire,  227. 
T.  R.  Jones. — Preparation  of  Chalk,  Clay,  and  Sand  for  the  Micro- 

scope, 249. 
J.  Prestwich. — British  localities  for  Fossil  Mammalia,  251. 
Notes  and  Queries,  155,  205,  253, 

Reports  of  Societies,  162,  210,  257. 
Reviews,  167,213,263. 

Grahamstown  Eastern  Province  Magazine.     Vol.  i.     Nos.  8  and  10. 
From  Dr.  B.  N.  Rubidge. 

A.  G.  Bain. — Geology  of  South  Africa,  396. 
H.  Hall. — Physical  Features  of  South  Africa,  432. 
A.  G.  Atherstone. — Geology  of  Uitenhage,  518. 
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Great  Britain,  Geological  Survey.     Annual  Report  of  the  Director- 
General  of  the  Geological  Survey  of  the  United  Kingdom,  the 
Museum  of  Practical  Geology,   and  the  Government  School  of 
Mines  &c,  1858. 

Halle.     Zeitschrift  fur   die    gesammten  Naturwissenschaften,    her- 
ausgegeben  von  dem  Naturw.  Vereine  fur  Sachsen  u.  Thiiringen 
in  Halle,  redigirt  von  C.  Giebelund  W.  Heintz.     Vol.  viii.     1856. 

Fr.  Bruns. — Analyse  von  Oberharzer  Bleischlacken,  495. 
R.  Eisel. — Zur  Umgebung  von  Gera  [Zechsteingebirge],  16. 
C.  Giebel. — Das  Kreidegebirge  in  Thiiringen,  169. 
  .     Ueber  Saurier-  und  Fisch-Reste  aus  dem  Thuringer  Keuper, 

422  (plate). 
Br.  Kerl. — Arbeiten  im  Metallurgisch-chemischen  Laboratorium  zu 

Clausthal,  477. 

C.  Kuhlemann. — Analyse  von  einigen  Oberharzer  Mineralien,  519. 
Nilsson. — Ueber  fossile  in  Schonischer  Kreide  gefundene  Saurier  und 

Fische,  504. 
C.  Giebel. — Geologische  Uebersicht  der  vorweltlichen  Insecten,  1/4. 
E.  Sochting. — Mineralogische  Notizen,  517. 
Von  Strombeck. — Das  Alter  des  Flammenmergels  im  Nordwestlichen 

Deutschland,  349. 

Suckow. — Mineralogische  Notizen,  289  (plate). 
Weichsel. — Mineralogische  Vorkommnisse  in  den  Braunkohlenlagern 

von  Helmstadt  und  Leesen,  346. 

Zinken. — Die  Geognostische  Verhaltnisse  der  Umgegend  von  Bern- 
burg,  344. 

Geologische,  Oryctognostische  und  Palaeontologische  Notizen. 
  Vol.  ix.     1857. 

C.  Chop. — Ueber  die  Zahne  und  Fischreste  aus  dem  Schlotheimer 
Keuper,  127  (plate). 

G.  K.  Gerlach. — Analyse  eines  Triphillius,  149. 
C.  Giebel. — Dichelodus,  ein  neuer  Fisch  im  Mansf elder  Kupferschiefer, 

121  (plate). 
  .      Zur  Fauna  des  lithographischen  Schiefers  von  Solenhofen 

(neue  Insekten,  Krebs,  Holothurien),  3/8  (2  plates). 
H.  Neimke.— -Erfahrung  bei   der   Sprengarbeit   in   den   Oberharzer 

Gruben,  11. 
C.  Oberbeck. — Ueber    die   Schichtung  und  falsche  Schieferung  der 

Wissenbaeher  Schiefer  und  die  Beziehung  derselben  zu  den  darin 
auftretenden  Diabasen  im  Nordwestlichen  Theile  des  Harzes,  22 

(3  plates). 
C.  Prediger. — Beitrage  zur  hypsometrischen  Kenntniss  des  Harzge- 

birges,  1. 
C.  Giebel. — Die  Palaozoischen  Arten  der  Gattung  Capulus,  162. 
  .     Die  Erdschutterung  in  Sachsen  und  Thiiringen  am  7  Juni 

1857,  438. 

  .     Ueber  Hrn.  Bornemann's  Entdeckung  der  Kreideformation  in 
Thiiringen,  455. 

Von   Gross. — Ueber  die    Ordnung    einer  geognostischen  Gesteins- 
sammlung,  153. 

Purgold. — Von  den  Krystallen  und  ihrer  Entstehung,  277- 
Sochting. — Paragenesis  von  Weissbleierz  und  kohlensaurem  Kupfer- 

oxydhydrat,  168. 
Stiehler. — Die   Flora  im   Quadersandsteine    des   Langenberges   bei 

Quedlingburg,  452. 
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Halle.  Zeitschrift  fur  die  Gesammten  Naturwissenschaften,  &c. 
Vol.  ix.     1857  (continued). 

Weichsel. — Alte  Berg-  und  Hiitten-werke  am  nordlichen  Harzrande, 
469. 

Geol.,  Oryct.  und  Pal.  Notizen. 

Heidelberg,  Verhaudlungen  des  Naturhistorisch-medizinischen  Ver- 
eins  zu.     Nos.  2  to  4. 

G.  Leonhard. — Ueber  einige  Mineralien  aus  der  Umgegend  Heidel- 
bergs,  45. 

Blum. — Ueber  die  Ursacben   der   Bildung   verschiedener   Krystall- 
formen  bei  ein  und  demselben  Minerale,  78. 

H.  G.  Bronn. — Ueber  ein  versteinertes  Dattelpalmenblatt,  84. 
Blum. — Mineralogische  Mittheilungen,  103. 
H.  G.  Bronn. — Zur  Fauna  und  Flora  der  bituminosen  Trias- Schiefer 

von  Raibl  in  K'arnthen,  108. 
Illustrated  Inventor.     Nos.  22  and  24. 

Notices  of  Scientific  Societies,  &c. 
Daubree. — Artificial  Minerals,  334. 
A.  Delesse. — On  Metamorphism,  382. 

Institution  of  Civil  Engineers,  Proceedings.     Nos.  6-20. 

J.  Henderson. — Dressing  Tin-  and  Copper-ores  in  Cornwall. 
G.  Robertson. — Hydraulic  Mortar. 

International  Association  for  obtaining  a  Uniform  Decimal  System. 
What  is  the  Best  Unit  of  Length?  Report  presented  by  the 
Council  of  the  International  Association,  &c.     1858. 

Journal  of  the  Indian  Archipelago  and  Eastern  Asia.     Vol.  ii.  new 
Series.     No.  3.     From  J.  R.  Logan,  Esq.,  F.G.S. 

G.  W.  Earl. — Physical  Geography  of  S.E.  Asia  and  Australia,  278. 

Linnean  Society,  Journal  of  the  Proceedings.     Vol.  ii.  No.  8.    May, 
1858. 

Literary  Gazette,  for  April,  May,  and  June.  From  L.  Reeve,  Esq., 
F.G.S. 

Notices  of  Scientific  Meetings,  &c. 
W.  B.  Carpenter. — On  Foraminifera,  357. 
R.  P.  Gregg,  and  W.  G.  Lettsom. — Manual  of  the  Mineralogy  of 

Great  Britain  and  Ireland  [noticed],  3/1. 

Hugh  Miller. — Cruise  of  the  Betsey  [noticed],  585. 
Annual  Report  of  the  Geological  Survey,  613. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  4th  Series, 
vol.  xv.    No.  100.     April  1858.    From  R.  Taylor,  Esq.,  F.G.S. 

F.  M.  Jennings. — The  Lakes  and  Rivers  of  Damascus,  260. 
C.  J.  F.  Bunbury.— The  Genus  Neuropteris,  318. 
T.  Huxley. — Cephalaspis  and  Pteraspis,  319. 
  .     Plesiosaurus,  320. 
C.  Forbes.— Coal  in  Southern  Chili,  321. 
  .     Crabs  thrown  up  in  Payta  Bay,  321. 
R.  I.  Murchison. — Palaeozoic  Rocks  of  the  N.W.  Highlands,  322. 
G.  G.  Gemmellaro. — Gradual  Elevation  of  the  Coast  of  Sicily,  325. 
T.  F.  Jamieson,  K.  Macnab,  and  R.  Mason. — Elevation  of  Land,  325. 
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London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  4th  Series, 
vol.  xv.     No.  101.     May  1858. 

J.  Tyndall  and  T.  H.  Huxley. — Structure  and  Motion  of  Glaciers,  365. 
A.  R.  C.  Selwyn.— Gold-fields  of  Victoria,  400. 
J.  Phillips,  Gold-field  of  Ballaarat,  401. 
W.  Redaway. — Gold-diggings  of  Creswick  Creek  and  Ballaarat,  402. 
R.  Owen. — Zygomaturus  trilobus  of  Macleay,  403. 

  .       .     No.  102.     June  1858. 

E.  J.  Chapman. — Assaying  of  Coals  by  the  Blowpipe,  433. 
Buff  and  Wohler. — New  Compounds  of  Silicon,  457. 
H.  Rosales. — Gold-diggings  at  Ballaarat,  483. 
J.  C.  Moore. — Silurian  Roeks  in  Ayrshire,  482. 
G.  W.  Ormerod. — Rock-basins  on  Dartmoor,  484. 
J.  Leckenby. — Kelloway  Rock  of  Yorkshire,  484. 
N.  T.  Wetherell  —  Nodules  of  London  Clay  and  Crag,  484. 
S.  V.  Wood.— Fossils  of  Red  Crag,  485. 
Wohler. — Nitrurets  of  Tungsten  and  Molybdenum,  488. 

Longman's  Monthly  List  of  New  Books.     No.  184. 

Madrid.  Memoria  que  comprende  los  Trabajos  verificados  en  el 
aiio  de  1855  por  las  diferentes  Secciones  de  la  Comision  encargada 
de  formar  el  Mapa  Geologico  de  la  Provincia  de  Madrid  y  el 
General  del  Reino.     1858. 

C.  de  Prado. — Seccion  Geologico-paleontologica  9  (map). 
J.  V.  y  Piera. — Seccion  Geologica  del  Este  de  Espana,  11. 
I.  G.  de  Salazan. — Resena  de  los  Trabajos  practicados  en  la  Provincia 

de  Leon  durante  el  aiio  1855,  23. 

Moscow.  Bulletin  de  la  Societe  Imperiale  des  Naturalistes  de  Mos- 
cou.     Annee  1856,  Nos.  2-4. 

E.  Eichwald. — Beitrag  zur  Geographischen  Verbreitung  der  fossilen 
Thiere  Russlands,  406,  555. 

E.  Kirevsky. — Description  d'une  Chaux  Carbonatee  sur  des  Monti- 
cules de  Sable  dans  les  Steppes  de  TAsie  Central e,  454. 

R.  Hermann. — Untersuchung  des  Wassers  der  Narsan- Quelle,  307. 
H.  J.  Holmberg. — Geognostische  Reise  nach  Ost-Finland,  503. 
G.  von  Jaeger. — Uebereinen  durch  ringformige  Erhohungen  (Wachs- 

thumsringe  ?)  ausgezeichneten  hochst  wahrscheinlich  fossilen  Stoss- 
zahn  des  Elephanten,  609  (plate). 

Erdbeben  in  Sselenginsk,  636. 

  .     Annee  1857,  No.  1. 

R.  Hermann. — Ueber  Niobium,  3. 
V.  Kiprijanoff. — Fisch-Ueberreste  im  Kurskschen  eisenhaltigen  Sand- 

steine,  151  (2  plates). 

E.  Eichwald. — Zur  Geographischen  Verbreitung  der  fossilen  Thiere 
Russlands,  192. 

Nordenskiold. — Ueber   Lazurstein  und  die  mit  demselben  vorkom- 
menden  Mineralien,  213, 

G.  Romanovsky. — Ueber  die  Verschiedenheit  der  beiden  Arten,  Chi- 
lodus  tuber osus,  Gieb.  und  Dicrenodus  okensis,  Rom.,  290  (figures.) 

Newport.  Catalogue  of  the  Isle  of  Wight  Museum  in  Newport. 
From  K  P.  Wilkins,  Esq.,  F.G.S. 
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Paris,      L'Ecole   des    Mines:    Annales    des    Mines.     Cinq.    Ser. vol.  xii.   6e  livraison  de  1856. 

Bibliographic  i. 

Daubree. — Sur  le  striage  des  roches,  sur  la  formation  des  galets,  des 
sables  et  du  limon,  et  sur  les  decompositions  chimiques  produits 
par  les  agents  meeaniques,  535. 

Lan. — La  Sierra-Morena  et  le  Nord  de  l'Andalousie,  561  (plates). 
Ville. — Les  travaux  du  laboratoire  du  service  des  mines  de  la  pro- 

vince d'Alger,  629. 
Lan. — De  l'ecole  des  mineurs  de  St.-Etienne,  693. 
Delesse. —  Sur  le  metamorphisme  (suite),  705  (plate). 
Sur  la  mortalite  des  mineurs  dans  le  district  de  Saint- Just  en  Pen  with 

(Cornwall),  773. 

Sur  l'extraction  de  la  houille  dans  l'Oural,  781. 
Sur  le  projet  d'eclairage  des  mines  par  le  gaz,  782. 
Exploitation  de  Tanthracite  dans  les  terres  de  l'armee  du  Don,  783. 
Sur  les  mines  du  canton  de  Caratal  (republique  de  Venezuela),  800, 

802. 

Sur  des  experiences  relatives  aux  moyens  d'absorber  la  fumee  de  la 
houille,  804. 

Mines  de  fer  des  Etats-Unis,  805. 
Production  des  metaux  dans  le  monde  entier,  834. 

  .     Bullet.  Soc.  Geol.  France.     Deux.  Ser.  vol.  xiv.  feuillet. 
33-38. 

E.  Piette. — Sur  le  gite  des  Clapes  (Moselle),  513. 
Marcel  de  Serres. — Sur  l'identite  de  V Echinus  lividus  de  l'Ocean  avec 

celui  de  la  Mediterranee,  518. 

P.  Mares. — Sur  la  constitution  generale  du  Sahara  dans  le  sud  de  la 
province  d'Oran,  524. 

Th.  Ebray. — Profil  geologique  du  chemin  de  fer  d'Orleans.     Partie 
comprise  entre  Iteuil  et  Chatellerault,  538. 

E.  Piette.     Description  des  Cerithium  enfouis  dans  les  depots  batho- 
niens  de  FAisne  et  des  Ardennes  (Plates  V.  VI.  VII.  VIII.),  544. 

Sc.  Gras. — Sur  la  realite  de  l'association  des  plantes  houilleres  aux 
coquilles  liasiques  dans  les  Alpes,  et  comment  on  peut  l'expliquer 
(Plate  IX.),  562.  ̂  

Th.  Ebray. — Sur  l'age  du  calcaire  a,  chailles  des  departements  du 
Cher,  de  la  Nievre  et  de  l'Yonne,  582. 

J.  Barrande. — Sur  l'ouvrage  de  M.  le  professeur  Geinitz,  intitule  : 
Les  houilles  du  royaume  de  Saxe  (Die  Steinkohlen  des  Konigreichs 
Sachsen),  586. 

A.  Buvignier. — Sur  le  terrain  jurassique  de  la  partie  orientale  du  bas- 
sin  de  Paris,  595. 

  .     Table  pour  la  treizieme  vol. 

  .     Vol.  xiv.  feuil.  39-45. 

A.  Buvignier.  —  Sur  le  terrain  jurassique  de  la  partie  orientale  du 
bassin  de  Paris  (fin),  609. 

Ch.  Laurent. — Puits  artesiens  du  Sahara  oriental  (Plates  X.  XI.  XII.), 
615. 

Guiscardi. — Sur  les  emanations  gazeuses  des  champs  Phlegreens,  633. 
G.  Bornemann. — Sur  les  phenomenes  volcaniques,  et  sur  la  geologie 

de  Pile  de  Sardaigne,  635. 
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Paris.      Bullet.   Soc.  Geol.  France.      Deux.  Ser.  vol.  xiv.  feuillet. 

39-45  (continued). 

J.  Fournet.  —  De   rendomorphisme   du  spilite    d'Aspres-les-Corps 
(Isere),  644. 

E.  Bayle. — Sur  quelques  especes   de   Rudistes  (Plates  XIII.  XIV. 
XV.),  647. 

G.  Dewalque. — Sur  l'age  des  gres  liasiques  du  Luxembourg,  719. 
  .     Vol.  xv.  feuil.  1-6. 

Ch.  Lory. — Equisse  d'une  carte  geologique  du  Dauphine  (PI.  I.),  10. 
P.  de  Rouville. — Sur  les  environs  de  Saint-Affrique  (Aveyron),  69. 
H.  de  Saussure. — Description  d'un  volcan  eteint  du  Mexique,  reste 

inconnu  jusqu'a  ce  jour,  76. 
Ebray. — Sur  les  Nautiles  a  cloisons  sinueuses,  87. 
Casiano  de  Prado. — Sur  quelques  fossiles  paleozoiques  d'Espagne,  91. 
Daubree. — Sur  le  metamorphisme  et  recherches  experimentales  sur 

quelques  uns  des  agents  qui  ont  pu  le  produire,  93. 

Philadelphia  Academy  of  Natural  Sciences,  Journal.     New  Series, 
vol.  iii.     Part  4.     1858. 

T.  A.  Conrad. — New  Cretaceous  Fossils  from  Tippah  County,  Miss., 
323  (2  plates). 

Photographic  Society,  Journal.     Nos.  65-67. 

Quarterly  Journal  of  Microscopic  Science ;  including  the  Transac- 
tions of  the  Microscopical  Society  of  London.     No.  23.    April 

1858. 

W.  K.  Parker.— The  Miliolitidse,  53  (plate). 

Royal  Astronomical  Society,  Memoir.     Vol.  xxvi.     1858. 

  ,  Monthly  Notices.     Vol.  xvii.     1857. 

Royal  Geographical  Society,  Journal.     Vol.  xxvii.     1857. 

Sir  R.  I.  Murchison. — Anniversary  Address,  xciv. 
W.  C.  Grant. — Vancouver  Island,  268  (map). 
Dr.  Livingstone. — Interior  of  Africa,  349  (map).  $ 

  Proceedings.     Vol.  ii.  No.  2.     March  1858. 

A.  S.  Waugh. — Mounts  Everest  and  Deodanga,  102  (map). 

Royal  Literary  Fund.    A  Summary  of  Facts  drawn  from  the  Records 
of  the  Society,  &c. ;  and  Report  of  the  Proceedings,  March   12, 
1858. 

Royal  Society.     List  of  Fellows.     1857. 

  Report    on  the  Adjudication  of  the   Copley,    Rum  ford,  and 
Royal  Medals ;  and  appointment  of  the  Bakerian,  Croonian,  and 
Fairchild  Lectures.     1834.     . 

  ,  Transactions.     Vol.  146.  Part  3.     1856. 

  ,   .     Vol.  147.  Parts  1  and  2.     1857-58. 

H.  J.  Brooke. — Geometrical  Isomorphism  of  Crystals,  29  (4  plates). 
R.  Owen. — Scelidotherium  leptocephalum,  101  (2  plates). 
J.  Tyndall  and  T.  H.  Huxley. — Structure  and  Motion  of  Glaciers,  327. 
P.  Yorke.— Silica,  533. 
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Royal  Society,  Proceedings.     Vol.  ix.     No.  30.     1858. 

W.  Thomson. — Interior  Melting  in  Ice,  141. 
R.  Owen. — Placodus  laticeps,  and  the  Saurian  Nature  of  the  Genus, 

157. 

T.  S.  Hunt. — Some  Magnesian  Rocks,  159. 

Scarborough   Philosophical  and  Archaeological  Society.      Twenty- 
sixth  Report.     1858. 

Society  for  the  Suppression  of  Mendicity.    Fortieth  Report.     1858. 

Society  of  Arts,  Journal.     Nos.  279-291,  293. 
S.  Bleekrode. — Platinum  of  Borneo,  360. 
J.  Wilson. — Productions  and  Resources  of  Canada,  402. 
C.  Sanderson. — Iron,  381. 

Somersetshire  Archaeological  and  Natural-History  Society,  Proceed- 
ings during  the  years  1856-7.     1858. 

W.  A.  Jones. — Bone-caverns  of  the  Mendips,  25. 
South  Wales  Institute  of  Engineers,  Proceedings.     Vol.  i.     No.  1. 

January  1858.     From  E.  Rogers,  Esq.,  F.G.S. 

Statistical  Society  of  London,  Journal.     Vol.   xxi.  Part  2.     June 
1858. 

Stuttgart.     Wurttemb.   naturw.   Jahreshefte.     Dreizehnter  Jahrg. 
drittesHeft.     1857. 

A.  Oppel. — Die  Juraformation  Englands,  Frankreichs  und  des  siid- 
westlichen  Deutschlands,  289  (plate). 

Surrey  Archaeological  Society,  Transactions  (Collections),  for  the 
years  1854-55.     Vol.  i.    Part  1,  1856 ;  and  Part  2,  1858. 

University  College,    London,   Proceedings  at  the  Annual   General 
Meeting,  24th  February,  1858. 

Warwickshire  Natural-History  and  Archaeological  Society,  Twenty- 
second  Annual  Report.     1858. 

Zoological  Society,  Proceedings,  Nos.  339-349. 

II.    GEOLOGICAL  CONTENTS  OF  PERIODICALS 

PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.     3rd  Series,  vol.  i.    No. 
4.     April  1858. 

T.  R.  Jones. — Palaeozoic  bivalved  Entomostraca  of  North  America, 
241  (2  plates). 

R.  Owen. — Lectures  on  Palaeontology  (Relations  of  the  Archegosau- 
rus),  317. 

  .     No.  5.     May  1858. 

J.  MacAdam  and  W.  Thomson. — A  new  fossil  Cirripede,  321. 
T.  R.  Jones.— Palaeozoic  bivalved  Entomostraca  from  Canada,  340. 
J.  Prestwich. — The  Ground  beneath  us  [noticed],  362. 
R.  Owen.— Ichthyosaurus  and  Plesiosaurus,  388. 
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Annals  and  Magazine  of  Natural  History.     3rd  Series,  vol.  i.     No. 
6.     June  1858. 

R.  Owen. — Fossil  Crocodiles  of  the  Oolite,  456. 
Quenstedt. — The  Dorsal  Cavity  of  certain  Ammonites,  465. 

Edinburgh  New  Philosophical  Journal.    New  Series,  No.  14.  Vol.vii. 
No.  2.    April  1858. 

W.  S.  Symonds. — Carboniferous  and  Old  Red  deposits,  222. 
H.  C.  Sorby. — Ancient   Physical  Geography  of  the  South-east   of 

England,  226. 
G.  C.  Moreno— Volcano  of  Pichincha,  290. 
J.  M'Bain. — Skull  of  a  Wombat  from  the  bone-caves  of  Australia, 

with  remarks  on  the  Marsupiata,  308. 
A.  Rose. — Haematites  in  Ayrshire,  309. 
A.  Taylor. — Artesian  Spring  in  Linlithgowshire,  310. 
C.  Maclaren.— Great  Irish  Elk,  327. 
  .     Earliest  Animal  Life,  328. 
L.  Horner. — Antiquity  of  the  Human  Race,  328. 
H.  C.  Sorby. — Microscopical  Structure  of  Crystals,  331. 
J.  W.  Dawson. — Pliocene  deposits  at  Montreal,  333. 
E.  de  Verneuil. — Vesuvius,  333. 
W.  R.  Holmes  and  W.  H.  Campbell. — Expedition  to  the  Gold-fields 

of  Caretal,  334. 

Leonhard  und  Bronn's  Neues  Jahrbuch  fur  Min.,  Geogn.,  Geol.  und 
Petref.    Jahrgang  1858.  Erstes  Heft. 

H.  G.  Bronn. — Zur  triasischen  Fauna  und   Flora  der  bituminosen 
Schiefer  von  Raibl,  1  (5  plates). 

A.  Knop. — Histologisch  merkwiirdige  Erscheinungen    an  Gang-ge- 
steinen  aus  dem  Hochstatter  Thale  bei  Auerbach  an  der  Bergstrasse, 
509.      Perimorphosen  von  Kalkspath  und  Epidot  in  Granat,  33 

(plate). 
F.  Roemer. — Zweites  Exemplar  von  Archceoteuthis  Dunensis  aus  dem 

Thonschiefer  von  Wassenach  am  Laacher  See,  55. 
Letters ;  Notices  of  Books,  Mineralogy,  Geology,  and  Fossils. 

  .     Jahrg.  1858.     Zweites  Heft. 

H.  G.  Bronn. — Beitrage  zur  Fauna  und  Flora  der  bituminosen  Schiefer 
von  Raibl,  129  (4  plates). 

  .     Leber  die  Farnen-sippe  Chiropteris  (Kurr),  in  Lettenkohl- Sand- 
stein,  143  (plate). 

N.  Girard. — Ueber  die  Melaphyre  in  der  Gegend  von  Ilfeld  am  Harze, 
145  (plate). 

C.  Bergemann. — Ueber  Ehlit,    ein    Phosphor-    und   Vanadinsaures 
Kupfer-Oxyd,  190. 

Letters ;  Notices  of  Books,  Minerals,  Geology,  and  Fossils. 

III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Abert,  J.  W.  Report  of  an  Expedition  on  the  Upper  Arkansas  and 
through  the  country  of  the  Camanche  Indians,  in  the  fall  of  the 

year  1845.     From*Sir  C.  Lyell,  F.G.S. 
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Abich,  H.  Ueber  die  Erscheinung  brennenden  Gases  im  Krater  des 
Vesuv  im  Juli  1857,  und  die  periodischen  Veranderungen,  welche 
derselbe  erleidet.     1858. 

Adams,  C.  B.  First  Annual  Report  on  the  Geology  of  Vermont. 
1845.     From  Sir  C.  Lyell,  F.G.S. 

Adams,  J.  Descriptive  Sketch  of  St.  Paul's  Island,  at  the  entrance 
of  the  Gulf  of  St.  Lawrence.     1 835 .    From  Sir  C.  Lyell,  F.  G.S. 

Archiac,  A.  oV .  Etudes  Geologiques  sur  les  departements  de  l'Aude 
et  des  Pyrenees-orientales.     1857. 

  .     Histoire  des  progres  de  la  Geologie  de  1834  a  1856.    Tome 
Septieme,  Formation  Jurassique  (2e  partie).     1857. 

  .     Histoire  des  progres  de  la  Geologie  (Notice  of).     1858. 

Bache,  A.  D.  Report  of  the  Superintendent  of  the  Coast  Survey 
for  1848.     From  Sir  C.  Lyell,  F.G.S. 

Baddeley,  F.  H.  Geological  Sketch  of  the  most  South-eastern  por- 
tion of  Lower  Canada.     1835.     From  Sir  C.  Lyell,  F.G.S. 

  .     On   the   Magdalen  Islands.     1833.      From  Sir  C.  Lyell, 
F.G.S. 

Bakewell,  R.  On  the  Falls  of  Niagara,  and  on  the  Physical  Struc- 
ture of  the  adjacent  Country.     1830.     From  Sir  C.  Lyell,  F.G.S. 

Barrande,  J.  Observations  sur  les  rapports  de  la  Stratigraphie  et 
de  la  Paleontologie.     1854.     From  Sir  C.  Lyell,  F.G.S. 

Bayo,  J.  Esquerra  del.  Die  Bergwerke  von  Hiendelencina  in  der 
Provinz  Guadalajara  (Spanien).     From  Sir  C.  Lyell,  F.G.S. 

Bechi,  E.  Studi  sulla  formazione  dei  Soffioni  Boraciferi,  e  nuovi 

metodi  praticati  in  Toscana  per  ottenere  dai  medesimi  l'Acido Borico.     1858. 

Berkley,  J.  J.     Paper  on  the  Bhore  Ghaut  Railway-incline.     1858. 

Binney,  Amos.  The  Terrestrial  Air-breathing  Mollusks  of  the  United 
States  and  the  adjacent  territories  of  North  America.  Edited  by 
A.  A.  Gould.  Vols.  i.  and  ii.  1851.  Vol.  iii.  (plates),  1851- 
57-     From  Dr.  A.  A.  Gould  and  Dr.  D.  D.  Storer. 

Bland,  T.  Description  of  Two  New  Species  of  North  American 
Helicidae.     1858. 

Brumby,  R.  T.  A  Brief  Account  of  the  Analysis  of  the  Blount, 
Shelby,  and  Talladega  Springs  (Alabama).  1838.  From  Sir  C. 
Lyell,  F.G.S. 

Buist,  G.  Notes  on  certain  discoloured  Appearances  met  with  on 
the  Surface  of  the  Sea  in  warm  latitudes.  1854.  From  Sir  C. 

Lyell,  F.G.S. 

Bunsen,  R.  Ueber  den  innern  Zusammenhang  der  pseudovolkani- 
schen  Erscheinungen  Islands.     From  Sir  C.  Lyell,  F.G.S. 

  .  Ueber  die  Processe  der  vulkanischen  Gesteinsbildungen  Is- 
lands.    From  Sir  C.  Lyell,  F.G.S. 

VOL.  XIV, — PART  I.  2  O 
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Catullo,  T.  A.  Prospetto  degli  Scritti  publicati  da  Tomaso  Antonio 
Catullo,  Professore,  &c,  compilato  da  un  suo  amico  e  discipulo. 
1857. 

Cooper,  W.  Notices  of  Big-bone  Lick.  1831.  From  Sir  C.  Lyell, 
F.G.S. 

Cotta,  B.  Erzgangbildung  in  der  Sohle  eines  Flammofens  der 
Konigl.  Muldner  Schmelzhiitte  bei  Freiberg.  1851.  From  Sir 
C.  Lyell,  F.G.S. 

Daubree,  M.  Observations  sur  le  Metamorphisme,  et  recherches 

experimentales  sur  quelques-uns  des  agents  qui  ont  pu  le  pro- 
duce.    1858. 

Recherches  experimentales  sur  le  striage  des  Roches  du.  aux 
phenomenes  erratiques,  sur  la  formation  des  Galets,  des  Sables  et  du 
Limon  et  sur  les  decompositions  chimiques  produites  par  les  agents 
mecaniques.     1858. 

Davy,  H.  Six  Discourses  delivered  before  the  Royal  Society.  1827. 
From  the  Royal  Society. 

Dawson,  G.  W.  Familiar  Letters  to  the  People  of  Nova  Scotia  on 
the  Useful  Minerals  of  the  Province.  (Nos.  5  and  6.)  1848. 
From  Sir  C.  Lyell,  F.G.S. 

Dekay,  J.  E.,  L.  C.  Beck,  T.  A.  Conrad,  W.  W.  Mather,  E.  Em- 
mons, L.  Vanuxem,  J.  Hall.  Reports  on  the  Natural  History 

of  the  State  of  New  York.     1838.     From  Sir  C.  Lyell,  F.G.S. 

Delaharpe,  J.  Notice  sur  la  Geologie  des  environs  de  St.-Gervais 
(Savoie).     From  Sir  C.  Lyell,  F.G.S. 

Delesse,  A.     Metamorphisme  des  Roches  (suite). 

Deville,  Ch.  Ste.-Cl.  Etudes  de  Lithologie.  From  Sir  C.  Lyell, 
F.G.S. 

Memoire  sur  les  Roches  Volcaniques  des  Antilles.     1851. 
From  Sir  C.  Lyell,  F.G.S. 

Lettres  a  M.  Elie  de  Beaumont  sur  P  eruption  du  Vesuve  du 

ler  Mai  1855  ;  Lettre  a,  M.  Dumas  sur  quelques  produits  d' ema- 
nation de  la  Sicile.     1856.     From  Sir  C.  Lyell,  F.G.S. 

Dickeson,  W.,  and  A.  Brown.  Report  on  the  Cypress  Timber  of 
Mississippi  and  Louisiana.    1848.     From  Sir  C.  Lyell,  F.G.S. 

Ducatel,  J.  T.  Annual  Report  of  the  Geologist  of  Maryland.  1840. 
From  Sir  C.  Lyell,  F.G.S. 

Fgerton,  Sir  P.  de  M.  G.  Fossil  Fishes  of  Great  Britain  [From 

the  Decades  of  the  Geol.  Survey].     1852-57. 

Emmons,  E.  Geology  of  the  Montmorenci.  1 84 1 .  From  Sir  C.  Lyell, 
F.G.S. 

Gaudry,  A.  Recherches  Scientifiques  en  Orient  entreprises  par  les 
ordres  du  Gouvernement,  pendant  les  annees  1853-54.  Partie 
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Gaudry,  A.  et  E.  Lartet.  Memoire  sur  les  Resultats  des  Recherches 

paleontologiques  entreprises  dans  l'Attique.  1856.  From  Sir  C. 
Lyell,  F.G.S, 

Gazetteer  of  the  State  of  New  York  [Geological  portion].  1842.  From 
Sir  C.  Lyell,  F.G.S. 

Gemmellaro,  C.  Nuovi  schiarimenti  sulla  Teoria  dello  Zolfo.  1854. 
From  Sir  C.  Lyell,  F.G.S. 

Gesner,  A.  Report  on  the  Geological  Survey  of  Prince  Edward 
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Adersbach  in  Bohmen,  und  iiber  den  Versteinungsprocess  uber- 
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Harvard  Natural-History  Society,  May  24,  1848.  From  Sir  C. 
Lyell,  F.G.S. 

  .     Niagara  Falls,  their  Physical  changes,  and  the  Geology  and 
Topography  of  the  surrounding  country.     From  Sir  C.  Lyell, 
F.G.S. 

Hall,  J.  Report  on  Canadian  Graptolites  [Geological  Survey  of 
Canada]  (with  Plates  1,  3,  4,  5,  6,  8).     1858. 
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New  York.     1838.     From  Sir  C.  Lyell,  F.G.S. 

Heer,  O.  Beschreibung  der  angefiihrten  Pflanzen  und  Insekten. 
From  Sir  C.  Lyell,  F.G.S. 
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Copper  Company.     1855.     From  Sir  C.  Lyell,  F.G.S. 
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Meteoric  Iron.      1844.     From  Sir  C.  Lyell,  F.G.S. 
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No.  IV.  Some  North  American  species.     1858. 2o  2 
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F.G.S. 
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C.  Lyell,  F.G.S. 
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Observatory,  Bombay,  in  the  year  1856,  under  the  Superintendence 
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Rogers,  W.  B.     Report  of  the  Progress  of  the  Geological  Survey  of 
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nessee.    1842.     From  Sir  C.  Lyell,  F.G.S. 

  .     On  Washingtonite.     1842.     From  Sir  C.  Lyell,  F.G.S. 

  .     A  Report  on  the  Geological  Survey  of  Connecticut.     1837. 
From  Sir  C.  Lyell,  F.G.S. 
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C.  Lyell,  F.G.S. 

Skey,  J.,  and  W.  Kelly.     Analysis  of  a  Mineral  Water  sent  from 
Gaspe.     1835.     From  Sir  C.  Lyell,  F.G.S. 
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Sir  C.  Lyell,  F.G.S. 
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From  Sir  C.  Lyell,  F.G.S. 
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Nordrande  des  Schwarzwaldes  hervortretenden  Mineralquellen. 
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Sir  C.  Lyell,  F.G.S. 
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Aberdeenshire,   pleistocene    deposits 
of,  509. 

Abernethy,  Mr.  Macnab,  on  superficial 
deposits,  532. 

Acropagia  corbis  ?,  142. 
Ammonia  from  volcanos,  C.  Daubeny, 

on  the  evolution  of,  295. 
Ammonites  brevispina,  28. 
  Davcei,  29. 
  fimbriatus,  139. 
  Jamesoni,  27. 
  Jurensis  ?,  138. 
  Raquinianus  ?,  138. 
  Uralensis?,  138. 
Andalusia,  Prof.  D.  T.  Ansted,  on  the 

geology  of  the  southern  part  of,  130. 
Anniversary  Address  of  the  President, 

Major- General  Portlock,  xxiv.-clxiii. 
See  also  Portlock,  Major-General. 

Annual  Report,  i. 
Ansted,  D.  T.,  on  the  geology  of  the 

southern  part  of  Andalusia  between 
Gibraltar  and  Almeria,  130 ;  noticed, 
cxxxix. 

Apiocrinites  incrassatus,  135. 
Artificial  crystals,  structure  of,  454. 
Ascoceras  Barrandii,  180. 
Ascoceras,  Mr.  Salter,  on  the  occur- 

rence of,  in  Britain,  177. 
Astarte  complanata,  138. 
  pulchella,  146. 
  quadrata,  146. 
Atlas  and  Axis  of  Plesiosaurus,  288. 

Australia,  gold-fields  of  Victoria,  533, 
538,  540,  543. 

  ,  Prof.  Owen  on  the  skull  of  Zy- 
gomaturus  trilobus  of  Macleay,  from, 
541. 

the  extinct  volcanos  of  Victoria. 

Bactrifes,  Sandberger,  180. 

Baily,  W.  H.,   descriptions   of  fossil 
invertebrata  from  the  Crimea,  133  ; 
noticed,  cxli. 

Baltic  provinces,  geology  of  the,  36 ; 
Silurian  rocks  of  the,  43. 

Ballaarat,  Mr.  Selwyn,  on  the  gold-field 

of,  534. 
  ,  Mr.  Rosales,  on  the  gold-diggings 

at,  543. 
Mr.  Redaway,  on  the  gold-dig- 

gings at,  540. 
-,  Mr.  Phillips,  on  the  gold-field  of, 

227. 

538. 
Basalts  of  Victoria,  232. 
Basement  bed  of  the  Oolite,  101. 
Bath,  section  of  the  Oolites  near,  87. 
Beckles,  S.  H.,  bones  of  the  hind-foot 

of  the  Iguanodon,  discovered  by,  174. 
Belemnites  breviformis,  27. 
  elongatus,  27. 

  paxillosus,  27. 
Bigsby,  J.  J.,  on  the  paleozoic  rocks 

and  fossils  of  the  state  of  New  York ; 
Part  I.,  241,  335 ;  Part  II.,  305, 427 ; 
noticed,  cl. 

Birdseye  limestone,  342. 
Black  River  limestone,  341. 
Bone-cave  near  Melbourne,  536. 
Bones  of  the  foot  of  Iguanodon,  174. 
Boring  through  the  chalk  at  Harwich, 

249. 

Bornemann,  on  the  production  of  am- 
monia, noticed,  cix. 

Boulder- clays,  upper  and  lower,  of  the 
Gorlston  Cliffs  in  Norfolk,  171. 

Boulder  of  granite  found  in  the  white 
chalk  near  Croydon,  Mr.  R.  Godwin  - 
Austen  on  a,  252. 

Bradford  Clay  in  Gloucestershire,  116. 
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Bransby,  section  at,  94. 
Brodie,  P.  B.,  note  on  the  occurrence 

of  a  new  species  of  fish  in  the  Upper 
Keuper  Sandstone  in  Warwickshire, 
165 ;  noticed,  lxxxvi. 

Buccinum  angustatum,  151. 
   corbianum,  152. 
  Daveluinum,  151. 
  dissitum,  152. 
  Doutchinas,  151. 
  monili forme,  151. 
  obesum,  151. 
Buckman,  J.,  on  the  Oolite  rocks  of 

Gloucestershire  and  North  Wilts, 
98 ;  noticed,  cxxxviii. 

Bulimits  Skarmani,  148. 

Bunbury,  C.  J.  F.,  on  a  remarkable 

specimen  of  Neuropteris,  with  re- 
marks on  the  genus,  243 ;  noticed, 

xciii. 
Bunter  Sandstein  of  the  Odenwald,  222. 

Calamophyllia  Stokesii?,  135. 
Calciferous  sandstone,  339,  430. 

Cape  Media,  section  of,  206. 
Caudagalli  grit,  374,  437. 
Cardinia  concinna,  30. 

Cardium  (squistriatum,  137,  138. 
  amplum,  144. 
  carinatum,  144. 
  conniacum  ?,  141. 
  corbuloides,  145. 
  crassatellatum,  145. 
  Demidoffi,  144. 
  Edouardi,  145. 
  Fittoni,  144. 
  macrodon,  144. 
  ovatum,  145. 

  paucicostatum,  145. 
  protractum,  144. 
  pseudocardium  ?,  145. 
  squamulosum,  144. 
  subedentulum,  145. 
  Verneuilii,  145. 
Catskill  limestone,  370 ;  rocks.  392, 

438. 

Caithness,  remains  of  terrestrial  plants 
in  the  Old  Red  Sandstone  of,  72 ;  the 

plant-bearing  Devonian  beds  of,  76. 
Cavities  in  crystals,  454. 
Cephalaspis  Lyelli,  270. 

Cephalaspis  and  Pteraspis,  Prof.  Hux- 
ley, on,  267. 

Cerithium  Cattleya,  150. 
  cochleare,  150. 

  giganteum,  143. 
  truncatum,  150. 

Chalk,  boring  through  the,  at  Harwich, 
249 ;  near  Croydon,  boulder  of 
granite  found  in  ihe,  252 ;  fossils  of 
the,  259 ;  Mr.  R.  Godwin-Austen,  on 
the  extraneous  rocks  from  the,  252. 

Changes  of  level  in  South  Wales,  532. 

Charing,  fossils  found  in  the  iron- 
sandstones  on  the  North  Downs  at 
Lenham  and,  332,  334. 

Chazy  limestone,  341. 
Chemung  rocks,  388, 438. 
Chili,  Dr.  C.  Forbes  on  the  coal  found 

to  the  south  of  Concepcion  in,  294. 
Cidaris  Blumenbachii,  135. 
  glandifera,  135. 
Cirencester,  Oolitic  fossils  from,  1 1 7. 
Cleavage,  observations  on,  cxxx. 
Cleveland,  iron-ore  of,  96. 
Clinton  rocks,  353,  432. 

Coal-beds  of  Southern  Chili,  294 ;  of 
Yorkshire,  89. 

Coast  of  Sicily,  elevation  of,  504. 
Coast-sections  near  Scarborough,  86. 
Cockburn,  C.  F.,  note  on  the  geology  of 

the  neighbourhood  of  Sebastopol, 
and  the  Southern  Coast  of  the 
Crimea,  by,  161. 

Comoseris  irradians,  134. 

Committee,  Report  of  the  Library  and 
Museum,  iii. 

Coniferous  wood,  fossil  from  Caithness, 

73. Conoclypus  conoideus,  143. 
Coralline  limestone  of  Schoharie,  302, 

432. 
Coral-rag  of  Gloucestershire,  125. 
Cornbrash  of  Gloucestershire.  119;  of 

Yorkshire,  92. 
Corniferous  limestone,  376. 
Cottes wolds,  oolite  of  the,  101. 
Crabs  thrown  up  in  Payta  Bay,  294. 
Crania  spinulosa,  140. 
Cranium  of  Plesiosaurus,  292. 
Craters  in  Victoria,  227. 
Creswick  Creek,  Victoria,  Mr.  Redaway, 

on  the  gold-diggings  at,  540. 
Cretaceous  fossils  found  in  the  Crimea, 

139,  155. 
Cretaceous  sea,  conditions  of  the,  259. 
Crickley  Hill,  section  at,  106. 

Crimea,  descriptions  of  fossil  inverte- 
brata  from  the,  133 ;  cretaceous 
fossils  found  in  the,  155 ;  the  geology 

of  Sevastopol  and  the  Southern  Coast 
of  the,  161 ;  Jurassic  fossils  found 
in  the,  153 ;  tertiary  fossils  found 

in  the,  158 ;  summary  of  fossil  in- 
vertebrata  from  the,  161 . 

Croydon,  boulder  of  granite  found  in 
the  white  chalk  near,  252. 

Crystals,  Mr.  Sorby,  on  some  pecu- 
liarities in  the  microscopical  struc- 

ture of,  242,  453. 
Cyclostoma  reticulatum,  1 48. 

Cyprina  Georgei,  145. 
  nainculata,  146. 
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Cyprina  Pallasii,  145. 
  ?  triangulata,  146. 
Cyrena  Media,  239. 
Dardanelles,  geology  of  the,  215. 
Daubeny,  C.  G.  B.,  on  the  evolution  of 

ammonia  from  volcanos,  295 ;  no- 
ticed, cvi. 

Delesse,  on  metamorphism,  noticed, 
cxviii. 

Delthyris  limestone,  370. 
Deville,  Ch.  St.  Claire,  on  the  gaseous 

products  of  volcanic  vents,  noticed, 
ex. 

Devonian  beds  of  Caithness,  with 

plant-remains  76 ;  rocks  of  New- 
York,  372,  437  ;  plant-remains,  72. 

Dobrutcha,  Capt.  Spratt,  on  the  geology 
of  the  north-east  part  of  the,  204. 

Dogger  of  Yorkshire,  93. 
Donations  to  the  Library,  79, 181,  307, 

544. 
Donations  to  the  Museum,  viii. 
Dreissena  insequivalvis,  143. 

  (Mytilus)  rostriformis,  143. 
Durocher,  J.,  on  the  chemical  constitu- 

tion of  igneous  rocks ;  noticed,  cxiii. 
Egerton,  Sir  P.,  Palichthyologic  Notes, 

No.  10.,  on  Palseoniscus  superstes, 
164;  noticed,  lxxxvi. 

Elephant,  fossil  species  of,  in  England, 
81. 

Elevation  of  the  coast  of  Sicily,  504. 
Eston  Nab,  iron-ore  of,  96. 
Esthonia,  Silurian  rocks  of,  43. 
Estuary  Sands  in  the  upoer  part  of 

Shotover  Hill,  236. 

Exogyra  columba,  141. 
  haliotoidea,  141. 
Extraneous  materials  in  the  chalk,  254. 
Evolution  of  ammonia  from  volcanos, 

295. 

Falconer,  H.,  on  the  species  of  mastodon 
and  elephant  occurring  in  the  fossil 
state  in  England,  Part  II.  Elephas, 
81 ;  noticed,  lxxxix. 

Femur  of  a  large  Iguanodon,  174. 
Fish,  fossil,  from  the  Keuper,  164. 
Floating  ice  in  the  Cretaceous  Sea,  264. 
Fluid-cavities  in  crystals,  454. 
Forbes,  C,  on  a  quantity  of  crabs  thrown 

up  on  the  beach  in  Payta  Bay,  294 ; 
on  the  coal  found  to  the  south  of 

Concepcion,  in  southern  Chili,  294. 
Forest-marble  of  Gloucestershire,  118. 
Fossil  elephants,   81 ;    fish   from   the 

Keuper,    164;    from    the   Permian 
of  Ireland,  165 ;  invertebrata  from 
the  Crimea,  133, 161 ;  Mammal  from 
the  London  Clay,  54 ;  plants  from 
Caithness,  72. 

Fossiliferous  ironsands  in  Kent,  333. 

Fossils,  from  Lenham,  Kent,  329, 334 ; 
Shotover  Hill,  239;  of  the  white 
chalk,  nature  of  the,  259 ;  pleistocene, 
from  Aberdeenshire,  521,  531. 

France,  Lias  of,  25. 
Freshwater  tertiaries  of  the  Levant, 

212. 

Frocester  Hill,  fossils  from,  104;  sec- 
tion at,  103. 

Fullers-earth  Oolite,  100. 
Geikie,  A.,  on  the  geology  of  Strath, 

Isle  of  Skye,  1 ;  noticed,  exxxvi. 
Gemmellaro,  G.,  on  the  gradual  eleva- 

tion of  the  coast  of  Sicily,  from  the 
mouth  of  the  Simeto  to  the  Onobola, 
504. 

Genesee  slate,  385,  438. 

Geology  of  the  gold-fields  of  Victory, 
533 ;  the  north-east  part  of  the  Do- 

brutcha, 204 ;  Strath,  Isle  of  Skye, 
1 ;  the  southern  part  of  Andalusia, 130. 

Geological  Survey  of  Victoria,  list  of 
palaeozoic  fossils  collected  by  the, 
537. 

Germany,  Lias  of,  25. 
Gervillia  Maccullochii,  32. 

Gibson,  T.  F.,  notice  of  the  discovery 
of  a  large  femur  of  the  Iguanodon  in 
the  Weald  clay  at  Sandown  Bay, 
Isle  of  Wight,  175. 

Glaciers,  observations  on,  exxxi. 
Glacier -moraines  of  Ross-shire,  170. 
Glastonbury,  a  new  Plesiosaurus  from 

Street  near,  281. 
Gloucestershire,  Lias  beds  of,  24,  25 ; 

and  North  Wilts,  Prof.  Buckman  on 
the  Oolitic  rocks  of,  98. 

Godwin- Austen,  R.,  on  a  boulder  of 

granite  found  in  the  "white  chalk," 
near  Croydon ;  and  on  the  extrane- 

ous rocks  from  that  formation,  252  ; 
noticed,  exxxiii. 

Gold-diggings  at  Ballaarat,  Victoria, 
Mr.  H.  Rosales  on  the,  543 ;  at  Cres- 
wick  Creek  and  Ballaarat,  Victoria, 
Mr.  W.  Redaway,  on  the,  540. 

Gold-field  of  Ballaarat,  Mr.  J.  Phillips, 
on  the,  538;  of  Victoria,  Mr.  A.R.C. 
Selwyn,  on  the  geology  of  the,  533. 

Gonioceras  anceps,  180. 
Gorlston  Cliffs  in  Norfolk,  Mr.  J.  Trim- 

mer, on  the  boulder-clays  of  the,  171. 
Granite,  boulder  of,  in  the  white  chalk 

near  Croydon,  252. 

Granites  of  the  north-east  of  Ireland, 
the  Rev.  S.  Haughton,  on  the,  300. 

Granitic  rocks,  Mr.  Sorby  on,  484. 
Gravels  at  Taunton  in  Somersetshire, 

164. 

Great  Oolite  of  Gloucestershire,  111. 
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Greenstone,  fragments  of,  in  the  chalk, 
256. 

Gristhorp  section,  88. 
Gryphaea  cymbium,  33. 
  dilatata,  137. 
  incurya,  138. 
  obliquata,  33. 
Hall,  James,  award  of  a  Wollaston 

Medal  and  the  residue  of  the  Wol- 
laston Fund,  to,  xxii. 

Hambledon  Hills,  section  of,  91. 
Hamilton  rocks,  380,  438. 
Harris,  W.,  section  in  Down  Wood, 

Charing,  by,  332. 
Harwich,  Mr.  Prestwich,  on  the  boring 

through  the  chalk  at,  249  ;  Pliolo- 
phus  vulpiceps,  from  the  London 
clay,  near,  54. 

Haughton,  S.,  on  the  granites  of  the 
north-east  of  Ireland  (Part  II),  300 ; 
noticed,  cxlv. 

Heidelberg,  section  near,  220. 
Helix  Bestii,  148. 
  Duboisii,  147. 
Hennessy,  H.,  on  the  physical  structure 

of  the  earth,  noticed,  cxvi. 
Herbert,  E.,  on  the  mammiferous  fauna 

of  the  lower  tertiaries  of  France, 
noticed,  lxxxiii. 

Hudson  River  rocks,  346. 
Hull,  E.,  on  the  triassic  and  permian 

rocks  of  the  Odenwald  in  the  vicinity 
of  Heidelberg,  and  the  corresponding 
formations  in  Central  England,  219 ; 
noticed,  cxliii. 

Huxley,  T.  H.,  on  a  new  species  of 
Plesiosaurus  from  Street,  near  Gla- 

stonbury, 281  ;  noticed,  xcii. ;  on 
Cephalspis  and  Pteraspis,  267 ;  no- 

ticed, lxxxv. 
Ice  in  the  Cretaceous  Sea,  264. 
Igneous  fusion,  minerals  formed  by 

cooling  from  a  state  of,  476. 
Iguanodon,  a  large  femur  of  the,  from 

the  Weald  clay  at  Sandown  Bay,  Isle 
of  Wight,  175 ;  note  by  Prof.  Owen  on 
the  bones  of  the  hind-foot  of  the,  171. 

Inferior  Oolite  of  the  Cotteswolds,  101. 
Inoceramus  ventricosus,  31. 
Invertebrata  from  the  Crimea,  fossil, 

133,  161. 
Ireland,  the  granites  of  the  north-east 

of,  300. 
Iron-sands  of  Shotover  Hill,  238. 
Iron-sandstones,  note  by  Mr.  S.Wood  on 

the  fossils  found  at  Lenham  and 
Charing  on  the  North  Downs,  in  the, 
333 ;  on  the  North  Downs,  Mr.  J. 
Prestwich  on  the  age  of  some,  322. 

Ironstones  of  Yorkshire,  Prof.  Phillips 
on  the,  84. 

Isastraea  polygonalis,  134. 
  explanata?,  134. 
  Greenoughii,  134. 
  Murchisoni,  34. 

Isle  of  Wight,  a  large  femur  of  the 
Iguanodon  from  the  Weald  Clay  at 
Sandown  Bay,  175. 

Jamieson,  T.  F.,  on  fossil  shells  and 
striated  boulders  at  high  levels  in 
Scotland,  509 ;  on  the  pleistocene 
deposits  of  Aberdeenshire,  509. 

Jurassic  fossils  from  the  Crimea,  134, 
153. 

Kelloway  rock  of  Gloucestershire,  124. 
Keuper  sandstone,  fossil  fish  from  the, 

164 ;  of  the  Odenwald  and  England, 
224. 

Kimmeridge  Clay  of  Gloucestershire, 
127;  of  Shotover  Hill,  238. 

Kjerulf,  T.,  on  the  Silurian  basin  of 
Christiania,  Norway,  36. 

Kustenjeh,  sections  at,  206,  208. 
Ladegaards-6,  Norway,  section  of,  38. 
Land  of  the  cretaceous  period,  265. 
Lophiodont  mammal  from  the  London 

clay,  54. 
Leckhampton  Hill,  section  at,  108. 
Lenham,  fossils  found  in  the  iron- 

sandstones  on  the  North  Downs,  at 
Charing  and,  334. 

Lejpidodendron  nothum  in  the  old  red 
sandstone  of  Caithness,  75. 

Levant,  Capt.  Spratt  on  the  freshwater 
deposits  of  the,  212. 

Lias-beds  in  France,  Germany,  Glou- 
cestershire, and  Skye,  correlation  of 

the,  25 ;  boulders  of  Loch  Greinord, 
169 ;  fossils  from  the  Isles  of  Pabba, 
Scalpa,  and  Skye,  94;  fossils  of 
Gloucestershire,  24;  and  Oolites  of 
Yorkshire,  84 ;  Plesiosaur,  from,  281. 

Library  Committee,  report  of  the,  iii. 
Lima  gigantea,  31. 
  Hermanni,  31. 
  acuticosta,  31. 

Lincolnshire,  Oolites  of,  95. 
Littorina  monastica,  150. 
Livonia,  Silurian  rocks  of,  43. 
Loch  Greinord,  Prof.  Nicol  on  the 

newer  red  sandstone,  and  some  other 
geological  phenonomena  near,  167. 

London  Clav,  fossil  mammal  from  the, 

54. 
Lyell,  Sir  Charles,  reply  on  receiving 

for  M.  Hermann  von  Meyer  the 
Wollaston  Medal,  xxii. 

Lycopodites  Miller i,  in  the  old  red  sand- 
stone of  Caithness,  75. 

Macnab,  K.,  on  superficial  deposits  in 
Abernethy,  532. 

Malaga,  geology  of,  130. 
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Malmo,  Norway,  section  of,  38. 
Mammal,  fossil,  from  the  London  Clay 

of,  54. 
Map  of  the  volcanos  of  Victoria,  228. 
Marble-quarries  of  Marmora,  218. 
Marcellus  shale,  378,  438. 
Marmora,  section  in  the  Island  of,  213. 
Mason,  R.,  on  changes  of  level  in  South 

Wales,  532. 

Mastodon  and  elephant,  species  of,  oc- 
curring in  the  fossil  state  in  England, 

81. 
Medina  sandstone,  352,  432. 
Melbourne,  bone  cave  near,  536. 
Metamorphic  rocks,  Mr.  Sorby  on,  475. 
Meyer,  H.  von,  award  of  a  Wollaston 

Medal  to,  xxii. 
Microscopical  structure  of  crystals,  Mr. 

H.  C.  Sorby,  on  some  peculiarities 
in  the,  242,  453. 

Middle  or  newer  tertiary  fossils  found 
in  the  Crimea,  158. 

Miller,  J.,  on  the  plant-bearing  Devo- 
nian beds  of  Caithness,  76 ;  noticed, 

xciii. 

Minerals  and  rocks,  Mr.  Sorby  on  the 
origin  of,  453. 

Minerals  ejected  from  Vesuvius,  480. 
Montlivaltia  trochoides,  135. 
Muschelkalk  of  the  Odenwald,  224. 
Murchison,  Sir  R.  I.,  and  F.  Schmidt, 

on  the  Silurian  rocks  of  Esthonia, 
Northern  Livonia,  and  the  Isle  of 
Oesel,  43 ;  noticed,  cxlvi. 

Murchison,  Sir  R.  I.,  reply  on  receiving 
the  Wollaston  Medal  for  Mr.  James 

Hall,  xxii. ;  on  the  Silurian  rocks  and 
fossils  of  Norway  and  of  the  Baltic 
Provinces  of  Russia,  compared  with 
their  British  equivalents,  36 ;  noticed, 
cxlvi. ;  on  the  succession  of  rocks  in 
the  Northern  Highlands  from  the 

oldest  gneiss,  through  strata  of  Cam- 
brian and  Lower  Silurian  age,  to  the 

Old  Red  Sandstone,  inclusive,  531 ; 
noticed,  cxlviii. 

Museum  Committee,  report  of  the,  iii. 
Mytilus  apertus,  143. 
  cuneatus,  30. 
Mytilene,  section  of,  213. 
Nailsworth,  fossils  from,  104. 
Natica  praelonga,  139. 
Natural  crystals,  structure  of,  468. 
Nautiloceras  paradoxicum,  180. 

Nautilus  pseudo-elegans,  139. 
Nerinaea  grandis  ?,  138. 
Neuropteris  flexuosa,  248. 
  gigantea,  247. 
  Loshii,  249. 

  ,  Mr.  C.  Bunbury  on  the  genus,  243. 
  rotundifolia,  248. 

Neuropteris  rarinervis,  248. 
Neuropteris,  young  frond  of,  243. 
Newer  red  sandstone  of  Loch  Greinord, 167. 

New  Red  Sandstone,  fossil  fish  from, 
164. 

New  York,  Dr.  J.  J.  Bigsby  on  the 
palaeozoic  basin  of  the  State  of, 
Part  I.,  241, 335 ;  Part  II.,  305, 427. 

Niagara  rocks,  359,  432. 
Nicol,  J.,  on  the  newer  red  sandstone, 

and  on  some  other  geological  phe- 
nomena, near  Loch  Greinord  in  Ross- 

shire,  167 ;  noticed,  cxliii. 
Nodot,  L.,  on  the  organization  of  the 

Edentata,  noticed,  xciv. 

Norway,  Sir  R.  I.  Murchison  and  M. 
Th.  Kjerulf ,  on  the  Silurian  rocks  and 
fossils  of,  36. 

Norfolk,  boulder-clays  of,  171. 
North  America,  palaeozoic  rocks  and 

fossils  of,  241,  335,  427. 

North  Downs,  Mr.  Prestwich  on  the  age 
of  some  sands  and  iron-sandstones 
on  the,  322. 

North  Wilts,  the  Oolite  rocks  of  Glou- 
cestershire and,  98. 

Northern  Highlands,  Sir  R.  I.  Murchi- 
son on  the  succession  of  rocks  in  the, 

to  the  Old  Red  Sandstone  inclusive, 

501. 
Nototherium,  skull  of,  541. 
Nummulites  distans,  142. 
  Raymondi,  142. 
Nunda  rocks,  386. 

Odenwald  and  Central  England,  Tri- 
assic  and  Permian  rocks  of  the,  219. 

Oesel,  Silurian  rocks  of  the  Isle  of,  43. 

Older  tertiary  fossils  found  in  the  Cri- 
mea, 158. 

Oldham,  Neuropteris  from,  243. 
Old  Red  Sandstone,  fossil  plants  from 

the,  72. 
Oneida  conglomerate,  350,  432. 
Onobola,  the  gradual  elevation  of  the 

coast  of  Sicily  from  the  mouth  of  the 
Simeto  to  the,  504. 

Onondaga  limestone,  375 ;  salt  rocks, 

364,  433. 
Oolite  rocks  of  Gloucestershire  and 

North  Wilts,  Prof.  James  Buckman, 
on  the,  98. 

Oolites  and  ironstones  of  Yorkshire 

and  North  Wilts,  Prof.  James  Buck- 
man  on  the,  98. 

Origin  of  minerals  and  rocks,  Mr.  Sorby 
on  the,  453. 

Oriskany  sandstone,  372,  437. 
Ormo,  Norway,  section  of,  38. 
Orthoceras  bisiphonatum,  177. 
Ostrea  arietis,  34. 
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Ostrea  carinata,  140. 
  curvirostris,  141. 
  flabellata,  140. 
  frons,  140. 

  gigantea.  14.*i. 
  hippopodium,  141. 
  laciniata,  141. 
  vesicularis,  140. 
Owen,  R.,  on  Anoplotheroid  qua- 

drupeds ;  noticed,  lxxix. ;  description 
of  a  small  lophiodont  mammal 
(Pliolophus  vulpiceps)  from  the 
London  Clay,  near  Harwich,  54; 
on  some  outline-drawings  and  pho- 

tographs of  the  skull  of  Zygomaturus 
trflobus  of  Macleay,  from  Australia, 
541 ;  note  on  the  bones  of  the  hind- 
foot  of  the  Iguanodon,  discovered 
and  exhibited  by  S.  H.  Beckles, 
F.G.S.,  174 ;  noticed,  lxxxii. 

Oxford  Clay  of  Gloucestershire,  124. 
Pabba,  Lias  fossils  from,  24. 
Palaeozoic  basin  of  the  State  of  New 

York,  Dr.  J.  J.  Bigsby  on  the,  Part 
I.,  241,  335;  Part  II.,  427;  fossils 
of  Victoria,  537 ;  rocks  and  fossils  of 
the  State  of  New  York,  241,  305,  427. 

Palcsoniscus  catopterus,  165. 
  super stes,  164. 
Palichthyologic  Notes,  No.  10,  by  Sir 

P.  Egerton,  164. 
Paludina  achatinoides,  150. 
  elongata,  239. 
  ?  subangulata,  239. 
  supexiensis  ?,  239. 
  ?sp.,  240. 
Parker,  W.  K.,  and  T.  R.  Jones,  on 

some  Pleistocene  foraminifera  from 
Aberdeenshire,  521. 

Payta  Bay,  crabs  thrown  up  in,  294. 
Pecten  aequivalvis,  31. 
Pentacrinites  basaltiformis,  13. 
Pentacrinus  gracilis,  34. 
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Classification  and  Description  of  Rocks.     By  Dr.  Ferdi- 
nand Senft,  &c.     8vo.  Breslau,  1857,  pp.  442  ;  with  12  Tables. 

[Classification  und  Beschreibung  der  Felsarten,  $*c] 

To  the  above  work  by  Dr.  Senft,  of  Eiseuach,  was  accorded  in 
1855  the  Demidoff  prize,  offered  by  the  Leopold  and  Caroline  Aca- 

demy of  Breslau,  for  the  best  essay  on  the  Classification  and  De- 
scription of  Rocks. 

The  work  is  divided  into  two  principal  parts  :  the  first  (pages  3 
to  82)  contains  the  general  introductory  matter  necessary  to  a 
knowledge  of  rocks,  followed  by  descriptions  of  the  distinction  and 
determination  of  the  classes,  orders,  genera,  species,  and  individual 
varieties  of  rocks,  which  are  arranged  in  a  series  of  tables,  with 
a  brief  diagnosis  of  each  individual  rock.  The  second  and  far 
larger  portion  of  the  work  (pages  83  to  422)  embraces  the  detailed 
characterization  and  the  chemical  analyses,  with  full  indications  of 

the  position  and  mode  of  occurrence  of  every  variety  of  rock-mass 
known  to  the  author. 

The  copious  information,  both  special  and  general,  contained  in  this 
second  part  is  very  important,  interesting,  and  highly  useful,  and 
indicates  the  vast  amount  of  care  and  labour  which  the  author  has 

bestowed  in  rendering  this  work  not  only  serviceable  to  the  student, 
but  a  necessary  work  of  reference  to  the  geologist.  To  this  end 
the  author  subjected  a  very  large  series  of  specimens  to  mechanical 
and  chemical  analysis.  That  omissions  may  occur  and  corrections 
be  necessary,  there  is  no  doubt ;  but  the  mass  of  information  em- 

bodied in  the  volume  is  far  larger  than  is  to  be  found  in  any  present 
treatise  on  rocks  and  rock-structure, — subjects  to  which  but  little 
attention  has  been  paid  in  this  country  since  the  publication  of  the 
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useful  work  of  Macculloch.  References  to  the  writers  and  works 
on  the  subject  which  the  author  has  consulted  are  given,  but  the 
names  of  several  good  authorities  are  not  mentioned  in  the  list.  A 
series  of  large  folding  tables  are  also  appended  ;  one  coloured,  which 
contains  a  sketch  of  the  position,  age,  and  relation  of  the  crystalline 
eruptive  rocks,  with  reference  to  their  localities  in  Germany  and 
adjoining  countries ;  the  others  showing  the  relations  of  the  super- 

position of  the  stratified  rocks  in  Germany  and  other  countries, 
together  with  their  mineral  characters  and  fossil  contents. 

In  the  introduction,  which  treats  of  simple  minerals  as  materials 
for  the  formation  of  rocks,  the  importance  of  a  knowledge  of  mine- 

rals for  the  study  of  rocks  is  pointed  out,  with  general  instructions 
as  to  the  method  and  instruments  necessary  for  the  examination  of 
rocks,  such  as  the  action  of  the  blowpipe,  mechanical  division,  &c. 
This  is  followed  by  short  descriptions  of  the  more  important  rock- 
component  minerals,  arranged  according  to  the  classification  of  Nau- 
mann. 

The  participation  of  minerals  in  the  formation  of  rocks  is  next 
treated  of;  (1)  as  essential  characteristics  or  chief  constituents,  and 
(2)  as  accidental,  foreign,  or  accessory  minerals,  arranged  in  the  fol- 

lowing order : — 

A.  Minerals  which  occur  as  essential  components  of  rocks. 

I.  Minerals  which  of  themselves  form  rocks, 

a.  Those  which  form  homogeneous  rocks  only. 
Anthracite,  stone-coal,  brown-coal,  ice,  rock-salt,  gypsum, 

dolomite,  marl,  brown  and  red  iron-ore,  iron-spar,  perlite,  pitch- 
stone,  obsidian,  serpentine,  opal,  siliceous  schist  (kiesel-schiefer), 
hornstone,  and  fire-stone  (flint). 
b.  Those  which   form  rocks,  not  only  alone,   but  also  mixed 

with  other  minerals. 

Quartz,  augite,  hornblende,  chlorite,  talc,  clay,  and  lime- 
stone. 

II.  Minerals  which  occur  as  essential  components  only  in  com- 
bination with  others. 

a.  Those  which  occur  as  essential  minerals  in  one  variety  of 
rock,  but  often  as  accessory  in  various  other  rocks. 
Leucite,  nephelin,  topaz,  zircon,  garnet,  tourmaline,  hyper- 

sthene,  smaragdite,  and  andesine. 
b.  Those  occurring  in  some  varieties  of  rock  as  essential,  in 

others  as  accessory  components  only. 
Zeolite  (natrolite,  scolezite,  desmine?),  labradorite,  ortho- 

clase,  sanidine,  albite,  oligoclase,  iron-chlorite,  mica,  diallage, 
and  magnetic  iron. 

B.  Minerals  which  appear  generally  as  accidental  only. 
Titaniferous  iron,  iron-pyrites,  olivine,  chabasite,  stilbite,  chi- 

astolite,  and  talc-spar  (magnesite). 
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The  three  following  sections  treat  of 

I.  The  formation  of  rocks  from  crystalline  minerals :  (1)  as  regards 
the  distinction  between  simple  and  compound  crystalline  rocks ; 
(2)  as  to  the  structure  or  texture  of  rocks,  whether  granular, 
slaty,  foliaceous,  fibrous,  compact,  porphyritic,  sphaeroidal,  amyg- 
daloidal,  or  vesicular. 

II.  Rock-fragments  as  materials  for  the  formation  of  rocks  ;  whether 
round  or  angular,  large  or  small,  cemented  together  by  clay,  marl, 
limestone,  silex,  &c. ;  these  are  termed  clastic  rocks  ;  their  struc- 

ture is  either  psephitic,  when  the  fragments  are  at  least  the  size  of 
hazel-nuts,  as  breccias  and  conglomerates  ;  psammitic  or  sand- 

stones ;  pelitic  or  mud-  and  clay-deposits. 

III.  Organic  remains  as  materials  for  the  formation  of  rocks,  either 
alone  or  mixed  with  or  imbedded  in  other  rocks  ;  as  plants,  corals, 
shells,  and  infusorial  remains. 

In  the  section  on  the  systematic  classification  of  rocks,  the  author 
states  the  difficulties  of  making  a  good  petrographic  system  of  rocks, 

founded  on  their  structure,  colour,  or  external  characters':  (1)  as  the 
structure  of  rocks  is  in  many  cases  so  uniform  that  the  ir  dividual 
component  parts  cannot  be  distinguished  even  by  the  aid  of  a  mag- 

nifying glass,  as  in  melaphyre,  aphanite,  phonolite3  basalt,  &c. ; 
(2)  the  mass  of  rock  may  vary  in  its  range,  being  simple  in  one  lo- 
lity,  and  acquiring  additional  constituents  in  another,  thereby 
approaching  the  character  of  the  mixed  rocks,  as  pifchstone,  pitch- 
stone-porphyry,  granular  limestone,  and  calcareous  mica-schist ;  or 
again,  in  one  locality  a  certain  mineral  may  predominate,  which  is 
absent,  or  sparingly  distributed,  in  the  same  rock  in  another  locality; 
or,  further,  to  the  mineral  constituents  of  a  rock  may  be  added  a 
new  substance,  or  one  of  the  original  elements  may  be  replaced  by 
another  mineral  in  more  or  less  abundance,  thus  producing,  or  pass- 

ing into,  another  variety  of  rock  ;  (3)  the  structure  of  the  same  rock 
may  vary,  presenting  either  a  granular,  slaty,  compact,  porphyritic, 
amygdaloidal,  or  even  slaggy  structure,  as  basalt,  &c.  From  the 
above  reasons  the  author  considers  that  the  chief  divisions  of  rocks 
should  not  be  founded  on  their  texture,  as  one  and  the  same  rock 

might  otherwise  be  placed  in  different  divisions, — or  on  external 
appearance  or  colour,  as  rocks  of  very  different  composition  might 
be  arranged  together,  while  others,  closely  allied,  would  be  sepa- 
rated. 

In  consequence  of  the  difficulties  arising  from  other  principles  of 
classification,  Dr.  Senft  proposes  an  arrangement  based  on  mineral 
and  chemical  composition;  as  the  analysis  of  a  rock  affords  the 
clearest  indication  of  its  constituents  :  and  hence  he  has  adopted,  so 

far  at  least  as  leading  to  the  determination  of  the  mineral  consti- 
tuents of  a  group  of  rocks,  the  arrangement  of  which  the  following 

analyses  of  his  elaborate  Tables  present  a  general  synoptical  view, b2 
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DIVISIONS  AND  CLASSES  OF  ROCKS. 

A.  INORGANIC  ROCKS.— Rocks,  the  chief  mass  of  which  consists 
of  true  mineral  substances,  and  which  on  heating  are  neither  partly 
nor  entirely  volatilized. 

I.  Division.  Crystalline  Rocks. — Rocks  of  crystalline  minerals 
united  together,  or  combined  without  any  cement. 

1.  Class.  Simple  Crystalline  Rocks. — Homogeneous  rocks, 
composed  of  one  mineral  substance. 

2.  Class.  Mixed  Crystalline  Rocks. — Heterogeneous  rocks, 
consisting  of  different  crystalline  mineral  species,  indistinct, 
or  more  or  less  distinctly  visible  :  (Crypto-,  micro-,  or  macro- 

crystalline :  crypto-  and  phanero-merous  rocks). 

II.  Division.  Clastic  Rocks. — Rocks  the  mass  of  which  consists  of 
fragments  (gravel  or  grains)  of  various  sizes,  rounded  or  angular, 
fresh  or  weathered,  which  are  cemented  by  an  earthy  or  crystalline 
matrix  ;  or  also  loose  (cementless)  agglomerations  of  more  or  less 
rounded  weathered  blocks,  gravel,  sand,  and  earthy  masses. 

a.  Subdivision.  Compact  fragment-rocks  with  a  cement. 

1.  Class.  Pseudoclastic  rocks. — Large  and  small,  angular,  rarely 
rounded  fragments  imbedded  in  a  crystalline  or  slaggy  matrix  of 
the  same  mineral  character  as  the  fragments.  Partly  stratified, 
partly  unstratified. 

2.  Class.  Hemiclastic  Rocks  (Tufas). — Matrix  dense,  porous,  soft, 
friable,  more  or  less  earthy,  often  effervescing  with  acids,  and 
sometimes  resembling  clay  or  chalk  (but  in  no  way  possessing  the 
physical  properties  of  these  substances),  and  which  on  lsevigating 
appear  as  a  mixture  of  those  rocks  of  which  fragments  are  included 
in  it.  Besides  the  contained  fragments,  which  are  often  indistinct, 

this  matrix  also  contains  characteristic  admixtures  of  purely  cry- 
stalline minerals.  Generally  stratified,  and  often  containing  or- 

ganic remains.  Greatly  resembling  the  rocks  of  the  previous 
class,  and  passing  into  them. 

3.  Class.  Holoclastic  Rocks. — Matrix  more  or  less  compact,  earthy, 
argillaceous,  calcareous,  areno-argillaceous,  areno-calcareous,  or 
marly,  with  rounded  or  angular  fragments,  gravel  or  grains  of 
rocks  having  a  different  mineral  character  to  the  matrix.  Stratified. 

b.  Subdivision.  Loose  aggregates  or  detritus. 

1.  Class.  Boulders,  Gravel,  Sand. — Determined  or  named  according 
to  their  mineral  characters. 

2.  Class.  Soils. — Loose,  crumbling  aggregates,  more  or  less  tena- 
cious when  moist,  or  crumbling  under  pressure. 

B.  ORGANIC  ROCKS   Rocks  the  chief  mass  of  which  consists  of 

carbon  or  the  product  of  organic  putrefaction,  and  which,  on 
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heating  in  the  absence  of  air,  blacken,  but  which,  heated  in 
contact  with  air,  are  converted  into  carbonic  acid  with  evolution 

of  flame,  and  emitting  an  empyreumatic,  ammoniacal,  or  bitu- 
minous odour,  therefore  volatilizing,  and  leaving  a  more  or  less 

earthy  residue  (ash). 

I.  Class.  SIMPLE  CRYSTALLINE  BOOKS. 

I.  Order.  (Hydrolyte.)     Rocks  soluble  in  water. 

a.  Constituents  of  water.     [1.  Group.  Ice.~\ b.  Pure  saline  taste,  but  contaminated  with  oxide  of  iron,  sul- 

phate of  magnesia,  or  glauber-salt.     [2.  Group.  Bock-salt.'] 
II.  Order.  (Anhydrolyte.)     Rocks  insoluble  or  very  little  soluble 

in  water. 

A.  Soluble  only  in  excess  of  water,  particularly  when  containing 
common  salt  or  sal-ammoniac.  Heated  on  charcoal,  becoming 
a  sulphide.  The  solution  gives  the  reaction  of  lime  and 
sulphuric  acid.  [3.  Group.  Sulphate  of  lime.  Anhydrite 
and  gypsum.] 

B.  Totally  insoluble  in  water,  and  forming  no  sulphide  on 
charcoal. 

1 .  Soluble  in  hydrochloric  or  sulphuric  acid,  or  altered  by 
them. 

a.  Entirely  soluble  in  acids. 
aa.  With  evolution  of  carbonic  acid. 

The  solution  containing  lime  and  also  magnesia.  [4. 
Group.  Carbonate  of  lime.     Limestone  and  dolomite.] 

The  solution  contains  protoxide  of  iron.  [5.  Group.  Car- 
bonate of  iron.     Spathose  ironstone.] 

bb.  Without  evolution  of  gas. 

Protoxide  and  peroxide  of  iron  ;  reddish-brown  to  black- 
ish, with  red  streak ;  or  metallic  grey-black,  with  bla«kish 

streak.  [6.  Group.  Iron-ores.  Red  iron-ore,  magnetic 
iron-ore,  sphce.ro  siderite,  iron-oolite,  andpisolitic  iron-ore.] 

2.  Partially  soluble  in  acids. 

aa.  With  deposition  of  clay. 
Without  evolution  of  carbonic  acid.  A  mechanical  mix- 

ture of  clay  with  oxide  of  iron,  of  ochre-yellow  or  brown 
colour.     [Iron-ores,  as  B.  1,  bb.] 

With  evolution  of  carbonic  acid  (see  Group  4).  Marl. 

bb.  With  deposition  of  gelatinous  silica.  Dark-coloured, 
grey  to  blackish-green,  and  greyish-black,  soft  rocks, 
dense  or  slaty,  greasy  or  meagre.  [7.  Group.  Magnesia. 

(In  part  argilloid.)  Clay-slate,  slaty  clay,  chloritic 
slate,  and  serpentine.] 
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cc.  With  deposition  of  scales  of  mica,  talc-,  or  clay-slate. 
(See  II.  Class.  Group  of  Stilpnolites.) 

3.  Insoluble  or  unaltered  in  hydrochloric  or  sulphuric  acid. 
(Silicates.) 

a.  Silicate  of  magnesia  with  oxydulous  iron,  lime,  &c. 
Dark-coloured,  garlic-green  to  black-green,  and  black. 
\j  a.  Group.  Silicate  of  magnesia  (magnesite) .  Amphi- 
bolite,  pyroxenite,  and  talc-slated] 

b.  Strong  silicates,  crystalline  or  amorphous  ;  hardness=7 
or  2-3.  Soluble  in  fluoric  acid.  Variously  coloured. 
[8.  Group.  Silicates.  Quart zite,  hornstone,  lydian- 
stone,  flint,  and  opal.] 

c.  Silicate  of  alumina  with  potash,  soda,  &c.  Natural 

slags  and  glasses.  Grey,  pitch-brown,  or  black.  [9. 
Group.  Hyalolites.  Pitchstone,  perlite,  obsidian,  and 

pumice.] 

II.  Class.  MIXED  CRYSTALLINE  EOCKS. 

I.  Order.  (Alabradorite.)  Rocks  without  labradorite,  never  con- 
taining augite,  but  generally  quartz. 

Essential  constituents :  Orthoclase,  talc,  albite,  sanidine,  quartz, 
mica,  chlorite,  hornblende ;  or,  instead,  smaragdite  and  garnet. 
Accessory  constituents  :  Quartz,  mica,  garnet,  tourmaline,  topaz, 

zircon,  pistazite,  iron-pyrites,  magnetic  pyrites,  titanite;  seldom 
magnetic  iron  or  zeolites.  Never  present :  Pyroxene,  diallage,  and 
hypersthene.     Mixture  :  generally  distinct. 

I.  Suborder.  Partially  soluble  in  hydrochloric  acid. 

1.  "Without  effervescence;  containing  12-30  per  cent,  of  decom- 
posable and  70-88  per  cent,  of  undecomposable  parts.  Chief  con- 

stituents :  sanidine  and  potash-albite  indistinctly  mixed,  often  with 
prominent  sanidine-crystals,  and  then  porphyritic.  Accessory  con- 

stituents :  Quartz,  magnetic  iron,  titanite,  and  zeolite.  Colour : 

white-grey,  greenish-grey,  dark-grey,  or  reddish-brown,  and  then 
resembling  felsite.  Sp.  gr.  =  2*5  to  2*68.  Texture  :  dense,  granular, 
or  porphyritic,  generally  rough  and  porous.  Weathering :  leather- 
yellow,  white,  and  clayey.  [1.  Group.  Sanidite.  Trachyte  and 

domite,  trachytic  porphyry,  perlite  in  part,  phonolite,  and  ande- site.] 

2.  With  effervescence ;  containing  20-80  per  cent,  of  soluble 
parts  (carb.  lime).  The  residue  consists  of  mica-  and  talc-scales. 
(See  Group  3.     Talc-mica-slate,  &c.) 

II.  Suborder.  Not  decomposable  in  hydrochloric  or  sulphuric  acids, 
and  giving  no  water  on  heating  to  redness.  Never  containing 
sanidine,  and  perhaps  no  zeolites. 
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1 .  With  white,  yellow-white  or  reddish-white,  rose-red,  greyish- 
brown,  or  reddish-brown  orthoclase,  or,  instead,  oligoclase  or  albite, 
as  the  chief  constituent ;  with  it  are  combined  quartz,  mica  or  talc, 
and  eleeolite  or  hornblende.  Accessory  constituents :  garnet,  tour- 

maline, zircon,  iron-pyrites,  and  titanite.  Colour :  whitish,  reddish, 
grey-  or  red-brown.  Texture :  distinct.  Weathering :  white,  yellow, 
or  clayey.  [2.  Group.  Orthoclasite  (granite-rocks).  Pitchstone- 
porphyry,  felsit-porphyry  {with  or  without  quarts),  granite  and  pro- 
toyine,  syenite  and  sircon-syenite,  myascite,  granulite,  and  gneiss .] 

2.  Mica  or  talc  is  the  chief  constituent,  or,  instead,  occasionally 
damourite ;  mixed  with  it  are  quartz-grains  or  granular  limestone. 
Texture :  foliaceous.  Accessory  minerals  :  chiefly  garnet  and  tour- 

maline (by  taking  up  orthoclase,  it  passes  into  Group  2).  Weather- 
ing :  ferruginous,  and  loamy.  [3.  Group.  Stilpnolite  (mica-rocks). 

Mica-slate  (paragonite  and  iron-mica-slate),  calc-mica-slate,  and 
talc-mica-slate .] 

3.  Quartz  as  the  chief  constituent,  in  combination  with  mica  and 

talc,  or  with  schorl  and  topaz.  Whitish-grey  and  dark-grey.  Tex- 
ture :  granular  or  thick-slaty.  Accessory  constituents  :  Orthoclase, 

tin-ore,  and  mica.  [Group  4.  Quartzite.  Quarts-slate,  itacolumite, 

greisen,  and  schorl-rock  (and  top  as -rock.)'] 
4.  Blackish-green  or  black  hornblende  as  chief  constituent,  com- 

bined with  white  or  greenish- white  albite.  Mixture :  distinct  or  in- 
distinct. Texture:  granular,  slaty,  dense,  and  porphyritic.  Ac- 

cessory constituents :  quartz,  mica,  iron-  and  magnetic-pyrites. 
Colour  :  grey-green,  black  with  white,  or  grey  with  red.  Weather- 

ing :  dirty  white,  grey,  or  greenish-yellow,  and  clayey.  [Group  5. 
Amphibolite  (diorite) .  Diorite  (ophite,  norite,  nodular  diorite,  and 
diorite-slate),  and  diorit-porphyry  (and  epidosite). 

II.  Order.  Labradorite.  Rocks  containing  labradorite,  but  without 

orthoclase  or  quartz.  Essential  constituents  :  labradorite  or  oli- 

goclase, nephelin,  leucite,  hypersthene,  diallage,  augite,  titani- 
ferous  magnetic  iron-ore.  Colour  :  greyish-green  to  black.  Ac- 

cessory constituents  :  iron-pyrites,  talc,  chlorite,  calc-spar,  zeolite, 
and  olivine.  Mixture :  often  indistinct.  Always  partly  decom- 

posable in  sulphuric  acid ;  losing  water  and  becoming  lighter  on 
heating. 

1.  Suborder.  Mostly  decomposable  in  hydrochloric  acid.  On 

heating  to  redness  in  a  tube,  become  lighter.  Essential  consti- 
tuents :  labradorite,  or,  instead,  saussurite ;  besides^  hypersthene, 

diallage,  augite,  iron-chlorite,  and  calc-spar.  Distinctly  and  in- 
distinctly mixed. 

a.  Rocks  containing  pyroxene  and  diallage  (chlorolites) . 

1.  Undecomposable  in  hydrochloric  acid.     Grass-green,  greenish- 

orey,  or  greenish-brown  diallage  or  bronze-coloured  hypersthene  as 
chief  constituent,  combined  with  labradorite,  saussurite,  or  garnet. 

Accessory  constituents :  strahlstein,  magnetic  pyrites :  no  calc-spar 
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or  chlorite.  Colour :  spotted  greyish-green  and  brown.  [Group  6. 
Hyperite.  Eclogite  (and  garnet-rock),  gabbro  (smaragdite-gabbrot 

or  diallage-gabbro),  and  hypersthenite.~\ 
2.  Decomposable  in  hydrochloric  acid,  and  becoming  brownish - 

green  cr  reddish  on  heating  to  a  red  heat.  Augite  as  the  chief 
constituent,  mixed  with  labradorite,  and  grey-  or  bluish-green  iron- 
chlorite ;  generally  also  calc-spar.  Colour:  green  to  greenish  or 
blackish.  Accessory  constituents  :  iron-pyrites,  calc-spar,  seldom 
magnetic  pyrites.  Weathering  :  ferruginous,  often  calcareous  clay. 
[Group  7.  Diabasite  (Greenstone).  Diabase  {diabase-slate  and 
aphanite),  diabase-  or  augite-porphyry,  and  calc-diabase  (and 

schalsteiri).~\ 
b.  Without  pyroxene.  Partly  soluble  in  hydrochloric  acid,  often 

with  effervescence.  Melting  easily  before  the  blowpipe  into  greenish 

or  greenish-yellow  glass.  Magnetic.  Sp.  gr. =2*63  to  2*76.  Labra- 
dorite in  intimate  union  with  magnetic  iron-ore,  iron-spar,  calc-spar, 

and  iron-chlorit,  which  often  pervades  the  mass  and  coats  the  amyg- 
daloid kernels  and  cavities  with  a  green  earthy  incrustation.  Colour : 

greenish-  or  reddish-brown,  and  grey-greenish,  to  black.  Accessory 
constituents :  rubellan,  iron-mica :  amygdaloids  of  calc-spar  and 
quartz.  Weathering  :  leather-brown  to  red-brown,  often  calcareous 
clay.  [Group  8.  Melaphyre  (Trap  in  part).  Simple,  porphyritic, 

and  amygdaloidal  melaphyre.~\ 
2.  Suborder.  Always  decomposable  in  hydrochloric  acid,  and  generally 

with  effervescence,  showing  35  to  55  per  cent,  of  decomposable, 

and  45  to  65  of  undecomposable  parts.     Sp.  gr.  =  2'76  to  3*1. 
Black  augite,  asthe  chief  constituent,  is  combined  with  labradorite 

or  leucite  and  magnetic  iron-ore.  Colour  :  blackish-grey  or  black. 
Accessory  constituents:  chiefly  olivine,  zeolites,  and  mica;  also 

calc-spar  and  apatite.  Distinctly  and  indistinctly  mixed.  Wea- 
thering :  ochre-yellow  to  leather-brown,  generally  calcareous  clay. 

[Group  9.  Basaltite  (Trap).  Dolcrite  and  dolcrite-lava,  ana- 
mesite,  basalt  {amygdaloidal  basalt  and  basaltic  lava),  wacke, 

leucite-porphyry ,  nephelin,  and  trachyte-doleriteJ] 

The  relations  of  minerals,  as  rock-components,  are  shown  in  a 
Table  exhibiting  a  diagrammatic  synopsis  of  the^principal  minerals 
that  enter  into  the  composition  of  rocks,  and  so  arranged  that  at  a 
glance  the  reader  is  enabled  to  recognize  the  principal  mineral  in  any 
special  rock,  and  the  accessory  mineral  with  it  in  that  or  any  other 
rock. 

I.  CLASTIC  ROCKS.— Pseudoclastic  Rocks. 

I.  Order.  The  cement  or  matrix  is  orthoclase,  but  never  quartz,  lime, 

or  iron-ore ;  it  is  crystalline  or  slaggy.  The  rocks  of  this  division 
frequently  resemble  the  simple,  but  more  often  the  mixed  crystalline 
rocks  ;  they  are  generally  unstratified,  and  form  the  mantle  of  those 
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rocks  from  which  they  derive  their  origin.     Chiefly  found  in  the 
immediate  vicinity  of  extinct  and  active  volcanos. 

1 .  Light-grey,  yellow,  rust-brown,  crystalline,  or  slaggy  trachyte- 
mass,  in  which  nodules  or  fragments  of  trachyte,  or  pebbles,  of  dif- 

ferent sizes  are  closely  impacted :  compact  and  hard.  [Group  1 . 
Trachytic.     Trachyte-breccia .] 

2.  Reddish-brown,  grey- white,  grey-brown,  often  bluish,  yellowish, 
or  green-spotted  or  striped  felsite-mass,  in  which  either  fragments, 
or  pea-  or  millet-sized  grains  of  felsite-porphyry  are  imbedded. 
[Group  2.  Porphyrinic.    Porphyry-breccia  and  porphyry-sandstone.] 

3.  Greyish-green,  dirty  or  blackish-green  diabase-mass,  in  which 
various-sized,  often  very  large  angular  or  rounded  fragments  of  dia- 

base, aphanite,  or  diabase-porphyry  lie  imbedded.  [Group  3.  Dia- 

basitic.     Diabase-breccia  and  diabase-sandstone. ~\ 
4.  Impure  black,  porous,  spongy,  or  slaggy  tenacious  melaphyre- 

mass,  in  which  large  and  small  fragments  of  varieties  of  melaphyre 

lie  imbedded.     [Group  4.  Melaphyre-breccia.~\ 
5.  Blackish-grey,  also  grey-brownish,  slaggy  or  crystalline,  com- 

pact, more  or  less  hard  basalt-mass,  in  which  lumps  of  dolerite  and 
basalt,  and  occasionally  of  limestone  and  sandstone,  are  included. 
[Group  5.  Basaltic  breccia  and  doleritic  breccia^] 

II.  Order.  The  cement  consists  of  quartz,  limestone,  dolomites,  or 

iron-ore ;  crystalline.  These  fragmentary  rocks  are  generally 
stratified. 

1 .  Quartz-  or  hornstone-matrix,  in  which  angular,  variously-sized 
fragments  or  grains  of  common  quartz,  kieselschiefer  (lydite),  or 
flint  lie  imbedded.  [Group  6.  Siliceous  and  lydian  breccias,  flint- 

conglomerate,  and  arkose.1^ 
2.  Calcareous  or  dolomitic,  crystalline,  granular,  or  dense  matrix, 

in  which  more  or  less  angular  fragments  or  pebbles  of  limestone, 
dolomite,  or  stinkstone  are  imbedded.  [Group  1 .  Calcareous  breccia, 

oolitic  limestone  in  part,  and  dolomite-  and  stinkstone-breccias.~\ 
3.  Matrix  dense,  consisting  of  brown  or  red  iron-ore,  in  which 

angular  fragments  or  grains  of  different  varieties  of  iron-ore,  princi- 
pally magnetic  iron,  iron-glance,  iron-mica-schist,  are  imbedded. 

[Group  8.  Iron  rocks.     Tapanhoacanga.~] 

II.  Hemiclastic  Eocks. 

I.  Order.  Tufas,  which,  besides  indistinct  rock-fragments,  enclose 
numerous  crystalline  minerals,  chiefly  mica,  augite,  hornblende, 
leucite,  and  magnetic  iron. 

1.  Grey,  whitish,  yellowish,  brownish,  generally  soft  and  earthy 
matrix.  Contents  :  small  and  often  indistinct  fragments  of  trachyte, 

phonolite,  or  pumice,  and  well-preserved  crystals  of  sanidine,  horn- 
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blende,  mica,  and  magnetic  iron,  also  quartz  and  garnet,  besides 
nodules  of  opal,  &c.  [Group  1.  Sanidine-tuff.  Trachyte-,  phono- 
lite-,  immice-tuff,  and  alumstone  in  part.] 

2.  Grey  to  blackish-brown,  earthy  and  soft,  wacke-like  matrix. 
Contents :  numerous  crystals  and  fragments  of  augite,  hornblende, 
magnetic  iron,  rubellan,  and  calc-spar,  also  of  basalt  and  leucite. 
[Group  2.  Basalt-tuff.  Basaltic  and  doleritic  tuff,  peperino,  and 
p  alagonite-  tuff.  ] 

3.  Distinct  or  indistinct  slaty  or  fine  earthy  matrix,  generally 
effervescing  with  acid  and  partly  soluble ;  green  or  grey,  yellow  to 
brown-red ;  containing  limestone  ;  and  resembling  diabase-tuff  or 
clay-slate ;  enclosing  layers,  nests,  or  grains  of  calc-spar,  and  often 
also  plates  of  clay-  and  chlorite-slate.     [Schalstein  in  part.] 

II.  Order.  Tufas,  with  a  matrix  similar  in  composition  to  the  en- 
closed fragments,  and  which  but  rarely  or  never  enclose  crystals  of 

other  minerals.     Closely  allied  to  the  Tufas  of  Order  I. 

1 .  Matrix :  more  or  less  earthy,  of  a  clayey  nature,  dense  or  porous, 

grey,  or  yellowish  to  brown.  Contents  :  various- sized,  generally  half- 
weathered  fragments  of  trachyte,  pumice,  or  phonolite.  [Group  3. 

Sanidine-conglomerate.  Trachyte-,  phonolite-,  pumice-conglomerate, 
and  trass.] 

2.  Matrix :  earthy,  of  a  calcareo-argillaceous  nature,  greyish- 
brown,  yellowish,  or  earth-coloured.  Contents  :  half-weathered, 
rounded  blocks,  pebbles,  or  grains  of  basaltic  and  other  rocks. 

[Group  4.  Basalt-conglomerate.'] 
3.  Matrix :  soft,  often  slaty,  consisting  of  earthy  diabasic  detritus, 

often  calcareous,  greenish-grey,  dirty-green,  or  leather-brown.  Con- 
tents :  rounded  fragments  and  grains  of  diabase.  [Group  5.  Chlo- 

rolite-conglomerate.     Diabase-tuff  and  diabase-conglomerate .] 

4.  Matrix :  consisting  of  fine  indurated  orthoclasic  rocks,  often 

areno-argillaceous  in  character.  Fragments  of  gneiss,  granite,  por- 
phyry, and  syenite.  [Group  6.  Orthoclasite-conglomerate.  Gneissic, 

granitic,  syenitic  conglomerates,  andfelsite-tufa  or  clay-porphyry.] 

III.  Holoclastic  Eocks. 

I.  Order.  (Conglomerate.)     Fragments  at  least  as  large  as  a  hazel- 
nut. 

a.  Simple.     Fragments  derived  from  one  variety  of  rock. 

1.  With  argillaceous  or  areno-argillaceous  matrix.  [Group  1. 
Argillaceous  conglomerate,  containing  either  quartzite,  gneiss, 

granite,  clay-slate,  porphyry,  or  mica-schist.] 

2.  With  calcareous  matrix.     [Group  2.  Calcareous  conglome- 
r        rate.     Siliceous  and  phonolitic  conglomerates.] 
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3.  With  carbonaceous  matrix.    Bleaches  on  heating.    [Group  3. 
Coal-conglomerates  ^\ 

$.  Compound.     Fragments  derived  from  various  rocks. 

1.  "With  argillaceous  or  areno-argillaceous  matrix.  [Group  4. Argillaceous  conglomerates,  with  quartz,  gneiss,  &c,  quartz, 
granite,  &c,  or  granite,  syenite,  &c] 

2.  With  areno-calcareous  matrix,  and  fragments  of  sandstone, 
limestone,  &c.  [Group  5.  Calcareous  conglomerate,  contain- 

ing various  rocks.     Nagelfluh  and  Bone-breccia.^ 

II. ̂ Order.     Fragments  about  the  size  of  a  pea,  generally  consisting 
of  grains  of  quartz,  mica,  and  felspar.    (Sandstones.) 

a.  Argillaceous  matrix.  Kaolin-sandstone,  common  clayey  sand- 
stone, siliceous  clayey  sandstone,  and  ferruginous  sandstone. 

b.  Calcareous  matrix.  Calcareous,  marly,  and  green  or  glau- 
conitic  sandstones. 

c.  Carbonaceous  or  bituminous  matrix.  Bituminous  and  asjphaltic 
sandstones. 

III.  Order.  Slaty  rocks,  generally  grey  to  black.     (Slates.) 

a.  Argillaceous.  Principally  clayey,  mixed  with  mica  and  sand  ; 

grey  to  reddish.  Greywacke-,  clay-,  or  alum-slates  and  slaty 
clay. 

b.  Marly  and  sometimes  bituminous.  Marl-  and  bituminous  marl- 
slate  (copper-slate). 

c.  Highly  carbonaceous.  Carbonaceous  slates.  Coal-shale  and 
brandschiefer. 

DETEITAL  ROCKS. 

A.  Formed  by  the  mechanical  fracture  of  rocks.     Detritus. 

1.  Volcanic  or  eruptive  detritus.  Principally  formed  by  the 
destruction  of  lava  in  the  volcanic  crater.  Lava  blocks  and  bombs, 
lapilli,  and  lava  sand  and  ash. 

2.  Weathered  detritus.  Formed  of  various  rocks.  Blocks,  gravel, 
and  sand. 

B.  Earth  and  soils,  partly  arising  from    chemical   decomposition. 
Loose,  crumbling  or  friable  aggregates,  cohering  when  damp. 

I.  Purely  mineral  soils.     Not  becoming  paler  on  heating,   and 
not  forming  a  brown  solution  when  boiled  with  potash. 

a.  Argillaceous. 

aa.  Fat  clays;  tenacious,  containing  little  or  no  sand.  Slightly 

adhesive,  unalterable  by  heat.     Fuller's  earth  and  kaolin. 
Strongly  adhesive  and  alterable  by  heat.     Clay, 

bb.  Meagre  clays,  containing  much   coarse  sand.      Let  ten 
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(unequal  parts  of  clay  and  sand)  and  loam  (equal  parts  of 
clay  and  sand). 

b.  Calcareous. 

aa.  Calcareous  clays,  more'  or  less  plastic,  with  at  most  15 
parts  of  lime,  and  at  least  75  per  cent,  of  clay.  Common 
and  marly  clays. 

bb.  Marl.  Scarcely  adhesive  or  plastic,  with  at  least  15  per 
cent,  of  lime,  and  at  most  75  per  cent,  of  clay. 

Clay-marly  25-50  per  cent,  lime ;  50-75  per  cent,  clay ; 
0-5  per  cent.  sand. 

Loam-marl  (loess),  15-30  per  cent,  lime;  10-40  per 
cent,  clay ;  25-50  per  cent.  sand. 

Calcareous  Marl,  50-90  per  cent,  lime  ;  10-40  per  cent, 
clay  ;  0-20  per  cent.  sand. 

Bolomitic  Marl,  10-30  per  cent,  lime  ;  10-40  per  cent, 
carb.  magnesia ;  20-50  per  cent,  clay ;  0-30  per  cent, 
sand. 

II.  Organo-mineral  soils.  Composed  of  organic  and  mineral 
matters  :  greyish-black  to  blackish-brown.  Losing  colour  on  heat- 

ing, and  giving  a  brown  solution  on  boiling  with  potash. 
c.  Carbonaceous  soils.     Clays,  letten,  loam,  or  marls,  mixed 

with  more  or  less  humus.     Humus-,  marsh-,  or  turf-soils. 

THE  ORGANIC  ROCKS.— I.  Class.     Anthracides. 

Anthracitic  or  carbonaceous  rocks,  as  products  of  organic  decom- 
position, principally  of  plants.  Compact ;  with  or  without  visible 

organic  structure ;  brown  or  black ;  lustrous  or  dull. 

The  Anthracides  are  divided  into  two  orders, — 1.  the  perfect  or 
true  coals,  not  containing  ulmine ;  2.  the  imperfect  coals,  or  those 
containing  ulmine. 

The  first  group  comprises  two  kinds,  viz.  the  anthracites,  such  as 
the  graphitic,  common,  slaggy,  prismatic,  fibrous,  and  wood-like 
varieties  of  anthracite ;  and  the  coals  proper,  such  as  the  cannel, 
glance,  slaty,  thick-bedded,  fibrous,  and  sooty  varieties. 

The  second  group,  or  those  without  ulmine,  are  such  as  the  brown- 
coals  or  peat.  The  former  afTord  as  varieties,  pitch-coal,  and  the 
common,  flat,  woody,  needle,  paper,  waxy,  earthy,  and  other  brown- 
coals.  Amongst  the  latter  the  author  enumerates  pitch-turf,  sward- 
turf,  paper-turf,  turf-earth,  mud-turf,  and  vitriol-turf. 

II.  Class.    Zoogenites. 

Aggregates,  showing  more  or  less  clearly  animal  structure,  and 
possessing  always  the  chemical  composition  of  animal  substances. 

1 .  Coprolitic  rocks ;  nodule3  with  phosphatic  matter.  2.  Infu- 
sorial rocks.  rj.  Morris.] 
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The  Geology  of  Lanzarote  and  Fuertaventura.  By  George 
Hartung.     4to,  pp.  164;  1  Map  and  1 1  Plates.    [1857.] 

Die geologischeVerh'dltnisse  derlnseln  Lanzarote  und  Fuertaventura 
von  Georg  Hartung.     [No  place  or  date.] 

Mr.  Hartung  is  a  German  naturalist,  who,  having  studied  under  Sir 
Charles  Lyell  the  volcanic  phenomena  of  Madeira,  Teneriffe,  Grand 

Canary,  and  Palma  *,  subsequently  went  alone  to  Fuertaventura  and 
Lanzarote,  two  other  islands  of  the  Canary  group.  He  carefully  ex- 

amined these  little-known  islands,  and  now  gives  us  an  account  of 
them  in  the  interesting  memoir  before  us,  which  may  be  pronounced 
a  valuable  contribution  to  science,  and  one  that  shows  he  is  a  pupil 
of  whom  his  master  may  be  proud. 

The  memoir  is  illustrated  by  a  large  map  of  the  islands,  two  large 
panoramic  views,  and  nine  plates  of  sections,  &c.  It  is  divided  into 
three  parts  :  in  the  first,  the  author  presents  us  with  a  personal 
narrative  of  his  wanderings  and  a  sketch  of  the  fauna  and  flora  (in 
the  latter  he  discovered  some  plants  hitherto  undescribed) ;  in  the 
second,  he  gives  a  sketch  of  the  physical  geography;  and  in  the  third, 
he  describes  the  geological  phenomena. 

The  islands  in  question  are  the  most  easterly  of  the  Canary  group. 
They  lie  end  to  end,  Lanzarote  being  the  nearest  to  the  African  coast, 
from  which  it  is  distant  only  twenty-eight  geographical  miles.  Fuer- 

taventura has  a  length  of  about  thirty-two  geographical  miles,  and  a 
superficies  of  about  four  hundred  and  eighty  square-miles.  Lanzarote 
has  a  length  of  about  twenty-one  geographical  miles,  and  a  superficies 
of  about  two  hundred  and  ten  square-miles.  The  two  are  separated  by 
a  channel  some  six  or  eight  miles  wide,  in  which  lies  a  small  island 

called  Lobos  (Seal's  Island) ;  and  at  the  eastern  extremity  of  Lanzarote 
are  three  islets  bearing  the  flattering  titles  of  Graciosa,  Clara,  and 
Allegranza,  names  strongly  contrasting  with  the  barren  realities.  The 
shape  of  Lanzarote  is  rather  like  that  of  an  ill-formed  S,  that  of  its 
neighbour  is  tolerably  straight,  and  its  western  extremity  terminates 
in  a  long  narrow  promontory  containing  a  lofty  ridge,  and  separated 
from  the  main  island  by  a  low  neck  covered  with  white  calcareous 
sand.  The  islands  are  altogether  volcanic,  and  are  studded  with  a 
great  number  of  cones,  the  highest  of  which  in  Fuertaventura  reaches 
the  altitude  of  2770  feet,  in  Lanzarote  of  2240  feet.  Both  are  ex- 

tremely barren,  having  few  springs  of  water  (in  Lanzarote  there  is 
only  one  spring  of  fresh  water),  and  being  exposed  in  summer  to 
great  heat. 

Looking  at  the  geological  structure  of  these  islands  with  reference 

to  age,  Mr.  Hartung  tells  us  that  four  formations  may  be  distin- 
guished, viz. — 

1 .  The  syenitic  greenstone  and  trap  formation ;  and  2,  3,  and 
4,  the  oldest,  middle,  and  newest  basalt  formations. 

1 .  The  first  consists  of  syenitic  greenstone,  trachyte,  and  basaltic 
greenstone,  without  any  intermixture  of  scoriaceous  matter.     The 

*  See  Lyell's  '  Manual  of  Geology,'  5th  edit.  p.  498,  &c. 
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basaltic  greenstone  is  in  the  shape  of  dykes  of  various  thickness,  but 
so  numerous,  that  it  forms  nearly  half  of  the  whole  mass.  These 
dykes  appear  at  the  surface  towards  the  edges  of  the  formation,  but 
in  the  middle  are  covered  with  compact  beds  with  a  smooth  exterior 
which  is  never  scoriaceous  or  porous,  and  these  beds  rise  into  chains 
of  bell-shaped  hills. 

The  syenitic  greenstone  is  limited  to  a  comparatively  small  space 
at  the  middle  of  the  formation,  where  it  forms  the  foundation  of  the 

bell-shaped  elevations,  being  penetrated  by  dykes  like  the  accompany- 
ing rock.  This  formation  is  only  disclosed  in  Fuertaventura,  where 

it  forms  no  more  than  about  one-fifth  of  the  entire  superficies  of  the 
island,  occupying  the  middle  portion ;  and,  stretching  for  about  twelve 
miles  along  the  north-west  coast,  it  reaches  its  highest  point  on  the 
Atalaya  peak,  2450  feet. 

The  elevations  of  this  formation  are  distinguishable  at  the  first 
glance,  by  their  rounded  wave-shaped  outlines,  from  those  of  the  other 
formations,  the  hills  of  which  are  marked  by  cones  and  steep  ridges. 
If  surprise  be  expressed  as  to  the  conjunction  of  syenite  and  trap  in 
one  formation,  Mr.  Hartung  remarks,  that  both  at  Palma  and  Grand 
Canary,  there  occurs  along  with  volcanic  rocks  of  the  oldest  visible 
formation  a  crystalline  schistose  rock  compared  by  Von  Buch  to 
granite  ;  and  this  formation  is  quite  as  distinct  as  in  Fuertaventura. 
In  Madeira  likewise,  syenite  is  seen  along  with  beds  of  agglomerate 
and  basalt  in  positions  which  show  that  the  whole  must  there  also 
be  called  the  oldest  formation  of  the  island. 

2.  The  oldest  Basalt-formation  consists  partly  of  compact  rock, 
partly  of  scoriaceous  deposits  ;  the  whole  arranged  in  such  a  way  that 
we  must  attribute  their  origin  to  the  effect  of  a  succession  of  eruptions 
from  cones.  The  lowest  portion  is  not  marked  by  layers  ;  appearing 
to  consist  almost  entirely  of  scoriaceous  materials,  and  reaching  the 
surface  only  at  the  middle  of  the  formation.  Above  is  compact  basalt 
in  beds,  the  thickest  of  which  are  columnar,  the  others  more  or  less 
vesicular,  and  alternating  with  scorise  and  layers  of  yellow  or  burnt-red 
tufa.  This  system  is  inclined  from  the  middle,  where  the  subjacent 
rocks  are  disclosed  towards  every  point  of  the  compass  ;  and  amongst 
it  are  found  detached  heaps  of  scoriaceous  materials  of  limited  extent. 
The  dykes  strike  for  the  most  part  in  one  direction,  namely,  in  that  of 
the  chain  of  hills.  They  are  most  numerous  where  the  under  scori- 

aceous materials  are  most  developed.  Of  the  mountainous  masses 
once  exhibited  by  this  formation,  only  fragments  remain ;  a  great  por- 

tion having  been  removed  by  the  sea  and  by  atmospherical  influences. 
Still,  in  many  cases  the  original  forms  are  still  indicated,  especially  in 
the  peninsula  of  Handia,  the  highest  point  of  which  attains  the  eleva- 

tion of  2770  feet.  In  the  other  part  of  the  island  of  Fuertaventura, 
the  highest  point  of  this  formation  reaches  the  altitude  of  2240 ; 
in  the  island  of  Lanzarote  the  height  of  1860  feet.  It  would  appear 
that  these  oldest  basalts  formed  a  series  of  elevations  and  crests 
through  the  longer  axis  of  the  island.  On  the  side  of  the  prevailing 
winds  the  sea  has  in  places  removed  large  portions,  and  much  has  been 
altered  by  weathering,  assisted  by  rents  caused  by  earthquakes  or  up- 
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heavals.  The  direction  of  the  valleys  is  outwards  from  the  hills, 
being  parallel  where  the  line  of  heights  is  straight,  and  radiating 
when  curved.  The  sides  of  the  valleys  are  by  no  means  vertical,  but 

inclined  at  an  angle  of  about  30° ;  the  floors  are  flat,  and  the  valleys 
themselves  have  been  so  much  widened  by  lateral  breaches  that  the 
interjacent  ridges  have  been  reduced  at  their  summits  to  a  line  of  peaks 
more  or  less  detached. 

The  basalts  of  this  formation  resemble  in  general  structure  those  of 
Madeira.  They  are,  however,  a  good  deal  more  varied  than  the 
latter  in  their  lithological  character  and  contents.  For  instance,  in 
some  places  are  found  very  large  pieces  of  augite  imbedded  in  a 
basaltic  paste ;  at  others,  various  crystallized  minerals  or  small  amor- 

phous materials  are  met  with  in  a  matrix  of  basalt. 

3.  The  middle  Basalt-formation.— hi  the  first  glance  the  oldest 
parts  of  this  formation  appear  to  be  of  the  same  age  as  the  preceding, 
but  they  may  be  distinguished  by  the  fact  that  the  forms  of  the 
cones,  craters,  and  lava-streams  may  be  clearly  made  out.  The  lavas 
are  already  covered  with  a  thin  layer  of  vegetable  soil,  which  sup- 

ports scanty  crops  of  grain,  whilst  the  most  modern  lavas  only  sup- 
port a  plant  here  and  there.  This  formation  is  altogether  wanting 

in  the  south-western  part  of  Fuertaventura.  The  first  cone  on  that 
side  is  met  with  in  the  middle  of  the  syenite  and  trap  formation. 
Two  others  are  in  its  north-eastern  border.  In  the  remaining  parts 
of  the  island  there  are  about  twenty  cones,  mostly  detached ;  but 
altogether  the  space  occupied  by  this  formation  forms  a  comparatively 
small  portion  of  the  surface  in  Fuertaventura.  In  the  other  island, 
however,  it  occupies  nearly  one-half  of  the  whole.  About  the  mid- 

dle of  the  island  is  a  chain  of  cones  extending  in  the  direction  of  the 
longer  axis,  the  highest  of  which  has  an  altitude  of  1959  feet.  In 
other  parts  are  many  detached  cones ;  one,  called  Corona,  with  a 
very  perfect  crater,  at  the  north-east  extremity  of  the  island,  reaches 
the  height  of  1940  feet.  The  four  islets,  Graciosa,  Clara,  Allegranza, 
and  Lobos,  belong  to  this  formation.  In  the  lava  which  flowed  from 
Corona,  Mr.  Hartung  remarked  one  of  those  subterranean  channels  not 
uncommon  in  volcanic  districts  ;  but,  singular  to  relate,  he  found  that 
its  floor  was  the  roof  of  a  similar  channel  underneath.  A  stream  of 

lava  flowing  in  the  opposite  direction  fell  over  the  cliffs  of  the  north 
coast,  and  is  a  conspicuous  object  to  this  day.  Of  these  two  phe- 

nomena Mr.  Hartung  has  given  sketches. 
4.  The  newest  Basalt-formation. — In  the  year  1730  violent  sub- 

terranean commotions  commenced  in  Lanzarote,  which  continued  for 

six  years.  During  this  period  a  fourth  part  of  the  island  was  laid 
waste  by  the  materials  ejected.  Villages  were  overwhelmed,  cattle  were 
destroyed,  and  the  inhabitants  fled  from  the  island .  A  large  district 
on  the  west  coast,  the  floor  of  which  is  about  900  feet  above  the  sea, 
was  formed  by  this  series  of  eruptions.  The  chief  elevations  are  a 
line  of  cones  with  craters,  out  of  which  the  lavas,  ashes,  &c.  issued, 
which  covered  the  surrounding  country.  The  highest  point,  and  in 
every  way  the  most  striking  mountain,  is  the  Montana  del  Fuego, 
with  an  altitude  of  1 750  feet.    The  surrounding  district  is  an  utter 
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waste,  entirely  without  vegetation.  All  is  black  ashes  ;  and  Mr.  Har- 
tung  draws  a  vivid  picture  of  the  utter  desolation  of  the  tract.  The 
islanders,  however,  in  order  to  increase  their  scanty  means  of 

subsistence,  have  adopted  the  curious  expedient  of  making  funnel- 
shaped  holes  through  the  ashes  of  the  plain,  and  planting  grain  in 
the  old  vegetable  soil.  On  the  summit  of  the  Montana  del  Fuego 
there  is  a  vent  which  emits  both  smoke  and  very  hot  steam.  The 

ground  has  so  high  a  temperature  that  a  person  cannot  remain  stand- 
ing at  the  same  place  for  more  than  a  minute,  and  a  stick  thrust 

through  the  ashes  to  the  depth  of  a  couple  of  feet  is  drawn  up 
charred  at  the  end. 

The  general  strike  of  the  volcanos  of  this  period  is  nearly  parallel 
with  that  of  the  cones  of  the  middle  basalt-formation.  Although  the 
great  mass  of  the  lavas,  following  the  inclination  of  the  ground,  ran 
to  the  west  coast,  one  narrow  stream  found  a  passage  to  the  east 

coast  by  winding  in  a  singular  manner  amongst  the  hills  of  the  mid- 
dle basalt-formation.  In  1824  the  inhabitants  were  again  alarmed 

by  subterranean  movements,  and  a  volcano  broke  out  a  little  to  the 
east  of  the  Montana  del  Fuego.  The  products  of  this  volcano  (Vol- 
can  Nuevo)  were  however  trifling ;  a  small  stream  of  lava  issued 
from  it,  and  ran  towards  the  west  coast,  but  did  not  reach  the  sea. 
In  the  crater  of  this  volcano  is  a  bed  of  lava,  which  is  pierced  by 
round  holes,  having  an  unknown  depth.  A  stone  thrown  into 
any  of  them  is  heard  to  strike  the  sides  on  some  impediments  for  a 
considerable  time  in  its  descent.  One  of  these  holes  emits  a  small 

quantity  of  steam.  A  calcareous  deposit,  of  a  yellowish-white  colour, 
encrusts  all  the  preceding  formations,  except  No.  4.  This  deposit  is 
similar  in  structure  to  that  found  in  other  localities  {e.g.  at  King 

George's  Sound  (Australia),  in  St.  Helena,  and  at  Porto  Santo) ;  its 
origin  has  given  rise  to  many  different  opinions.  Mr.  Hartung's 
appears  to  be,  that  it  has  been  formed  by  the  decomposition  of  the 
outer  portion  of  the  basalt  throughout  a  long  series  of  ages,  for  it  is 
not  found  on  the  summits  of  the  peaks,  but  in  the  hollows,  and  on 
the  plains  it  has  accumulated  to  a  considerable  depth,  and  it  is  absent 
altogether  from  the  newest  lavas.  It  is  composed  of  a  carbonate  of 

lime,  pure  enough  to  be  burnt  into  a  material  capable  of  use  in  build- 
ing, and  for  this  purpose  it  is  quarried  at  Fuertaventura,  and  con- 

veyed to  Teneriffe.  [J.  Y.  Johnson.] 
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On  the  Geology  of  a  part  of  Northern  Bohemia. 
By  Herr  Jokely. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  August  1857.] 

The  environs  of  Leitmeritz,  Aussig,  Teplitz,  and  Klostergnab 
(North  Bohemia),  having  been  geologically  surveyed  by  M.  Jokely, 
he  finds  that  the  subdivisions  of  the  Planer  (cretaceous)  limestone 
prevail  round  Leitmeritz  and  Aussig  ;  the  middle  Planer-marl  usually 
overlying  the  lower ;  the  latter  resting  on  Planer-sandstone,  which 
is  based  on  mica-schist  and  gneiss. 

The  middle  Planer-marl  is  generally  overlaid  by  tertiary  sand- 
stones ;  and  these  by  lignitiferous  shales.  Basalt  occurs  here  in  the 

form  of  tuffs  and  sandstones,  both  resting  on  these  shales.  The  lig- 
nite-deposits, worked  in  a  great  number  of  mines,  are  a  continuation 

of  the  tertiary  carbonaceous  deposits  of  Paatz,  corresponding  to  their 
upper  series.  Extensive  diluvial  deposits  occur  along  the  Elbe,  near 
Theresienstadt  and  Leitmeritz. 

The  prevailing  rock  of  the  Erzgebirge  (as  far  as  included  in  M. 

Jokely' s  survey)  is  grey  gneiss,  cut  off  near  Graupen  by  an  extensive 
"mass"  of  euritic  porphyry  (felsit-porphyr),  extending  hi  insular  pro- 

minences within  cretaceous  and  lignitiferous  strata  as  far  as  Teplitz 
and  Schonau,  where  thermal  springs  issue  from  it.  The  metalliferous 
veins  intersecting  the  gneiss  in  the  vicinity  of  the  euritic  porphyry 
are  generally  most  productive  along  the  line  of  contact  of  these  rocks. 

Several  of  the  silver-"  and  lead-bearing  veins  are  still  untouched  ;  so 
that  it  might  be  possible  to  revive  the  mining  enterprises  which  in 
ancient  times  gave  fame  and  riches  to  this  district. 

[Count  M.] 

On  the  Geology  of  the  Neighbourhood  of  Innspruck. 
By  Fr.  Bitter  von  Hauer. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  August  1857.] 

Having  finished  the  survey  of  the  environs  of  Innspruck*,  assisted 
by  Prof.  Pichler  and  Herr  Prinzinger,  M.  von  Hauer  reports  that  the 
Cardita-bed,  interposed  as  a  distinct  boundary  between  the  light- 
coloured  upper  triassic  limestone  and  dolomite,  continues  as  far  as 
Scharnitz,  between  the  Eiwaldberg  and  the  Arnstritz,  to  Gars,  in  the 

*  See  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  part  2,  Miscell.  p.  39. 
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Leutsch  Valley  ;  it  appears  again  in  the  west  near  Widum,  along  the 
south  slope  of  the  Guhren  Mountain  to  the  Ross-Alpe,  and  further 
in  the  Gais  Valley,  and  on  the  east  and  south  slopes  of  the  Hoch- 
mundi  Mountain.  The  main  mass  of  the  dolomite  contains  distinct 

remains  of  the  Megalodus  scutatus,  proving  this  rock — and,  with 
it,  the  Ichthyolite- schists  of  Seefeld — to  he  of  Lower  Liassic  age.  It 
is  worth  remarking  that  along  the  whole  tract  between  Zirl  and 
Telfs,  the  Dachstein- dolomite  appears  on  the  inner  margin  of  the 
calcareous  chain,  while  the  older  trias  appears  only  further  north- 

ward. The  light-coloured  triassic  limestones  continue  from  Schar- 
nitz  to  the  Bavarian  frontier. 

Well-developed  neojurassic  and  neocomian  strata  occur  in  the 
Koiten  Valley,  north  of  Leutsch,  as  in  the  ravines  north-east  of  Inns- 
pruck,  where  they  are  associated  with  Koessen-strata. 

The  Waldrast  Mountains,  and  the  Saile  Mountain  (south-west  of 
Innspruck)  consist  of  light-coloured,  frequently  crystalline  limestones 
and  dolomites,  overlying  dark  slaty  limestones  and  slates,  which  rest 
on  mica-schist.  The  light-coloured  limestones  contain  Chemnitzice, 
like  those  of  the  upper  triassic  limestone  north  of  Innspruck. 

[Count  M.] 

On  the  Geology  of  the  North-Western  Tyrol. 
By  Fr.  Ritter  von  Hatjer. 

[Proceed.  Imp.  Geol.  Inst.  Vienna,  August  1857.] 

M.  von  Hauer,  assisted  by  two  Bavarian  mining-officers,  M. 
Gumbel  and  Baron  Andrian,  has  examined  the  district  including 

the  Leutsch-  Gurgel-,  and  Lech-valleys  (North-west  Tyrol).  The 
prevailing  rock  is  dolomite,  with  distinct  remains  of  Megalodus 
scutatus  near  Telfs.  A  tract  of  light-coloured  upper  triassic  limestone 
extends  westward  from  the  Hochmundi  mountain,  gradually  narrow- 

ing until  it  totally  disappears  south  of  Boden  :  it  is  connected  on 
the  north  with  the  same  formation  in  the  Bavarian  Alps  (Wetterstein 

and  Zugspitz).  Along  the  southern  slope  a  narrow  strip  of  Car- 
dita-beds  runs  between  the  dolomite  and  the  light-coloured  triassic 
(Hallstadt)  limestone.  Along  the  north  slope  this  line  is  generally 
overlaid  by  spotted  marls  of  a  later  age.  North  of  the  Hinterwend 
mountain,  dark-coloured  Bacillar-slates,  without  organic  remains,  are 
interposed  between  the  Hallstadt  and  Gutterstein  limestones. 

Deposits  of  later  date — namely  Koessen,  Adneth,  Jurassic,  and 
neocomian  strata,  spotted  marls,  &c,  generally  in  narrow  zones — lie 
in  irregular  superposition  over  those  of  an  earlier  date  ;  conglo- 

merates, alternating  with  yellowish  marls,  and  occurring  on  the  Mut- 
terkopf  mountain  (8755  feet),  may  probably  rank  among  the  Gosau 
series.  The  zone  of  Gutterstein  limestones  includes,  near  Reutte, 

organic  remains  characteristic  of  the  true  Muschelkalk,  and  are  the 
same  (Terebratula  trigonella,  Spiriferfragilis,  Sp.  Mentzellii,  &c.) 
as  have  recently  been  discovered  in  nearly  the  same  locality  by  M. 
Escher  von  der  Linth.  [Count  M.] 
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On  the  Borders  of  the  Fossiliferous  and  so-called  Primitive 
Formation;  and  On  the  so-called  Primitive  Formation  of 
the  South  Coast  o/Norwiy*.     By  David  Forbes,  F.G.S. 

["  Geologiske  Undersogelser  ved  Groendsen  af  det  Forsteenings  forende  og  den 
saakaldte  Information." 

"  Om  den  saakaldte  Information  ved  Norges  Sydkyst."  '  Christiania  Naturforskere 
Modets  Forhandlinger/  1857.] 

The  trap-dykes  are,  in  this  notice,  first  described  as  being  the  most 
modern  rocks  in  the  district,  and  particularly  frequent  in  the  Silurian 
strata,  cutting  through  the  beds  and  sending  numerous  branches 
along  the  lines  of  stratification  to  considerable  distances,  and  fre- 

quently extremely  thin— sometimes  less  than  one  inch  in  thickness. 
The  zircon-syenite,  next  in  age,  covers  a  vast  extent  of  territory  as 

a  cap  ;  and  under  this,  in  parts,  a  similar  cover  of  augitic  porphyry  is 
visible. 

In  contact  with  these  igneous  rocks  are  thin  beds  of  a  hardened 
white  or  grey  sandstone,  so  altered,  that  any  fossils,  if  ever  present, 
have  been  obliterated.  These  rest  conformably  on  the  Upper  Silu- 

rian beds,  and,  from  their  position,  are  regarded  by  the  author  as 
of  Devonian  age.  The  Silurian  series  with  its  fossils  are  next 
noticed ;  and,  as  the  lowest  beds  of  this  series  contain  in  abundance, 
in  the  more  northern  parts  of  the  basin,  Fenestella  socialis,  Agnostus 
pisiformis,  and  a  Lingula,  they  are  considered  as  the  equivalent  of 
the  British  Lingula-flags.  The  whole  of  these  beds  have  a  dip  to 
the  east,  which  is  due  to  a  series  of  north  and  south  faults,  which 
make  the  apparent  thickness  much  greater  than  in  reality  is  the 
case. 

Below  these  the  rocks  have  been  described  and  mapped  by  Keil- 
hau  as  belonging  to  his  primitive  or  gneiss  formation.  The  exami- 

nation by  Mr.  Forbes  showed,  however,  that  gneiss  was  but  rarely 

present,  and  that  the  coast-line  was  formed  by  a  series  of  basin- 
shaped  beds  of  metamorphic  schists  and  quartzites.  Below,  and 
conformable  to  the  lowest  Silurian  bed  above-mentioned,  is  found  a 

*  The  latter  of  these  Memoirs  being  but  a  continuation  of  the  former,  they 
are  both  here  noticed  together. 
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yellow  sandstone,  broken  through  by  trap  ;  under  this  a  mica-schist, 
resting  on  a  quartzite,  which  was  greatly  disturbed  by  granitic  erup- 

tions ;  below  this  a  bed  of  hornblende-schist,  attaining,  in  places,  a 
thickness  of  300  feet ;  and  in  its  lower  part  containing  a  thin  but 
extremely  characteristic  bed,  remarkable  for  the  predominance  of 
silicates  of  alumina  and  magnesia,  as  chiastolite,  andalusite,  cyanite, 
rhoetizite,  iolite,  aspaziolite,  chlorite,  &c,  which  rendered  it  at 
once  recognizable  and  of  great  service  in  the  examination  of  the 

country  further  west ;  under  this  a  true  mica-schist,  consisting  of 
quartz  and  mica,  resting  upon  a  quartzite,  which  formed  the  upper 
bed  of  a  series  of  six  quartzites  and  six  hornblendic  schist  beds 
alternating.  None  of  these  beds,  in  their  normal  state,  contained 
felspar  ;  the  hornblendic  schists  are  very  variable  in  thickness,  whilst 
the  quartzites  were  found  more  constant. 

As  seen  from  the  sections  accompanying  these  memoirs,  the  above 

series  of  beds  formed  the  coast-line  between  Langesund  and  Oster- 
risoer. 

The  gneiss  present  in  the  district  was  divided  into  two  classes  : — 
1 .  A  foliated  granite,  or  an  ordinary  eruptive  granite,  in  which 

the  direction  of  the  mica-planes  had  caused  a  parallel  structure  to  be 
visible  ; 

2.  A  rock  formed  in  situ  by  the  contact  of  the  igneous  rocks  of 
the  district  with  the  metamorphic  schists  above  described. 

The  first  of  these  classes  was  well  developed  at  Edisvand,  where  a 
section  alongside  a  lake,  about  fourteen  miles  long,  showed  several 
mountains  of  this  rock,  with  sides  descending  almost  perpendicularly 

to  the  water's  edge,  and  showing  large  fragments  of  hornblende  and 
mica- schist  enclosed  in  the  granite-gneiss.  These  were  often  of  im- 

mense size,  and,  from  their  dark  colour,  formed  a  striking  contrast 

with  the  pinkish- white  colour  of  the  granite-gneiss.  In  parts  the 
gneiss  loses  all  traces  of  foliated  structure,  thus  passing  insensibly 
into  an  ordinary  granite.  At  other  parts  the  gneiss  sends  veins  into 
the  schists,  which  veins  presented  the  appearance  of  ordinary  granite  ; 

yet  the  change  of  structure  was  so  gradual,  that  no  line  of  demar- 
cation could  be  drawn  between  the  granite  and  the  gneiss :  the 

mineralogical  character  of  both  was  the  same ;  and,  combined  with 
the  frequent  occurrence  of  enclosed  fragments  of  other  rocks,  no 
doubt  could  be  entertained  of  its  true  eruptive  origin ;  and  every- 

where the  rounded  and  dome-shaped  contour  of  the  mountains  made 
the  same  impression  on  the  observer.  In  this  gneiss  no  bedding 
was  observed,  only  foliated  structure. 

The  gneiss  of  Ekeberg  and  the  Christiania  Fjord,  as  also  at  Fos- 
sund,  near  Skien,  is  also  considered  by  the  author  as  pertaining  to 
this  class. 

The  second  species  of  gneiss  was  very  distinct  from  the  above ; 
and,  by  following  out  the  beds,  they  were  invariably  found,  sooner 
or  later,  to  assume  the  character  of  the  original  schist.  When 
greater  masses  of  granite  or  diorite  came  in  contact  with  the  more 
fusible  beds  of  these  schists,  they  were  sometimes  so  fused  in  situ 
as  to  be  with  difficulty  distinguished  from  true  igneous  rocks ;  thus 
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the  hornblende-schists  occasionally,  under  such  circumstances,  as- 
sumed the  appearance  of  a  dioritic  rock.  When,  however,  the 

alteration  was  not  so  intense,  the  schists  became  felspathic  for 
some  distance  from  the  points  of  contact ;  and  thus  hornblende- 
schists  became  converted  into  hornblende-gneiss,  mica-schists  into 
micaceous  gneiss.  Even  when  a  granite-vein  cut  through  the  schists, 
these  became  felspathic  uear  the  points  of  contact,  although  other- 

wise the  beds  themselves  did  not  contain  felspar. 
When  granite  broke  through  the  quartzites  and  mica-schists,  epidote 

was  generally  developed  ;  if  through  hornblende-schist,  mica  and  fel- 
spar generally  made  their  appearance  near  the  points  of  contact. 

The  eruptive  rocks  of  this  district  are  divided  into  two  classes, 
viz.  acid  and  basic  silicates. 

To  the  former  class  belonged  three  varieties  of  granite  : — 
(«.)  Granite  consisting  of  oligoclase,  quartz,  and  mica,  and  con- 

taining, as  accessory  minerals,  moroxite  and  sulphuret  of  molybde- 
num, as  at  Skrubben,  near  Krageroe. 

(b.)  Granitec  omposed  of  orthoclase,  mica,  and  quartz,  as  at  Hest- 
noesoerne,  near  Grimstad,  and  not  known  to  contain  other  minerals. 

(c.)  Granite  which,  when  normal,  contains  two  felspars  (ortho- 
clase and  oligoclase),  mica,  and  quartz,  and  is  considered  as  younger 

than  the  two  preceding  varieties,  and  probably  more  modern  than 
the  Silurian  beds,  and  also  than  the  norite  of  the  west  coast.  The 
mineral  orthite  is  particularly  characteristic  of  this  granite  wherever 
it  makes  its  appearance ;  and  it  is  also  remarkable  for  the  presence 
of  minerals  containing  cerium,  lanthanium,  yttrium,  &c. ;  and  even 
many  common  minerals,  otherwise  not  known  to  contain  these  ele- 

ments, were  found,  on  analysis,  to  contain  them  in  considerable 
amount  when  present  in  this  granite, — as,  for  example,  epidote, 
apatite,  titanite,  garnet,  scapolite,  &c.  Many  rarer  minerals  also 
occurred,  as  curenite,  alvite,  tyrite,  ytterspath,  &c. ;  and  these 
minerals,  though  enclosed  in  the  granite,  generally  contained  a 
considerable  amount  of  water. 

This  granite  is  very  widely  distributed  from  the  western  coast-line 
of  Norway  to  the  Baltic ;  and  at  Arendal  the  recent  cuttings  have 
shown  that  over  considerable  areas  the  vertically-foliated  gneiss  is  in 
reality  only  a  crust  of  comparatively  few  feet  in  thickness  resting 
upon  this  granite,  as  can  be  seen  in  a  section  of  Helle  Felspar  Quarry 
in  a  former  Number  of  this  Journal. 

To  the  basic  silicates  belong, — 
(#.)  Diorite,  consisting  of  a  felspar  with  hornblende  and  titanite 

of  iron.  It  had  not  been  previously  noticed,  although  occurring  very 

largely  in  the  district,  and  under  very  varied  appearances — some- 
times coarse-grained  and  in  large  mass,  principally  felspar  with  a 

little  hornblende — at  other  times  a  fine-grained  rock,  which  is  a 
mixture  of  felspar,  hornblende,  and  titanite  of  iron  :  when  in  veins  it 
generally  consists  principally  of  hornblende,  with  a  little  felspar 
and  titanite  of  iron.  It  forms  the  centre  of  many  of  the  mountains 
at  Walbjerg,  near  Krageroe,  and  much  alters  the  schists  with 
which  it  comes  in  contact.     It  contains,  frequently,  fragments  of 

d  2 
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granite  and  schist,  through  which  it  has  broken,  and,  as  accessory 
minerals,  rutile,  copper-pyrites,  magnetic  oxide  of  iron,  apatite,  as- 

bestos, &c. 

(5.)  Trap-dykes,  varying  considerably  in  character  from  one 
another,  apparently  according  to  the  nature  of  the  rocks  through 

which  they  have  passed  —  generally  small,  but  occasionally,  as  at 
Dybvig,  above  20  feet  wide.  These  are  considered  to  be  of  the 
same  age  as  those  mentioned  in  the  commencement  of  this  notice. 

To  this  class  also  belong  the  zircon-syenite  and  augitic  porphyry 
previously  noticed.  [D.  F.] 

On    the   Triassic    Strata   of  the   Vorarlberg.      By   Baron 
RlCHTHOFEN. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  August  1857.] 
Baron  Richthofen,  who  has  made  the  triassic  and  liassic  beds  in 

the  Vorarlberg*  and  Lichtenstein  the  object  of  special  investigation, 
finds  that  the  northern  limit  of  the  crystalline  schists  runs  from  the 
Arlberg  along  the  Klosterthal,  as  far  as  Dalaas  ;  it  then  turns  to  the 
south-west,  crosses  the  Montaron  near  Schrums,  and  passes  into  the 
Swiss  Prattigau  near  Weiss-blatten  on  Mount  Rheticon.  This  line 
and  another  running  in  a  nearly  parallel  direction,  from  Feldkirch 
to  the  upper  Iller  Valley,  are  the  boundaries  of  the  triassic  and  liassic 
regions.  The  Trias  and  Lias  are  wanting  to  the  north  of  this,  and 
do  not  continue  westward  into  the  Helvetian  territory. 

The  succession  of  strata,  in  ascending  order,  as  clearly  exposed  to 
view  in  the  Klosterthal,  is — 1.  Verrucano  and  the  Werfen-strata  ;  2. 
Guttenstein-limestone  ;  3.  Marls  with  Bactryllium  Schmidii  and 
Halobia  Lommeli ;  4.  Dolomite  and  porous  limestones,  passing  into 

pumice-like  "  Rauchwackes ;"  5.  Main  dolomite,  in  enormous 
development;  6.  Koessen-strata ;  7.  Dachstein-limes  tones ;  8.  Ad- 
neth-strata  and  spotted  marls,  both  of  these  forming  some  of  the 
highest  mountains.  [Count  M .] 

On  some  Native  Iron  in  the  Chalk  of  Bohemia. 
By  M.  Neumann. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  August  1857.] 

M.  Neumann,  whose  father  had  first  discovered  the  meteoric  iron 

of  Ellbogen  (Bohemia),  in  presenting  the  Museum  of  the  Imp.  Geol. 
Institute  with  specimens  of  the  metallic  iron  found  in  1844  in  the 
Planer  of  Chotzen  (Bohemia)  on  occasion  of  the  driving  of  a  rail- 

road-tunnel, stated  that  he  himself  found  sixteen  specimens  of  this 
iron,  of  a  concentrically  laminated  structure,  partly  surrounded  with 
the  nodules  of  the  marl  in  which  they  were  originally  found.     The 

weight  of  the  largest  specimen  was  3iozs.     It  is  stated  beyond  any 
doubt  that  these  fragments  have  all  been  found  in  the  centre  of  the 
hill  traversed  by  the  tunnel,  at  a  depth  of  120  feet  below  the  surface. 
They  resemble  soft  iron  ;  their  structure,  however,  is  more  distinctly 
fibrous,  without  a  vestige  of  crystallization,  and  not  showing  Wid- 

*  See  also  Quart.  Journ.  Geol.  Soc.  vol.  xi.  Part  2.  Miscell.  p.  16. 
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mannstatter's  figures  when  etched.     Their  chemical  constitution  is 
9_LH  iron,  °*L  nickel,  ̂   arsenic,  °-2i  graphite. 100  '    100  100  100    b      r 

M.  Neumann's  investigations,  and  those  of  Prof.  Reuss,  prove  the 
Chotzen  iron  to  be  a  natural  production,  and  not  artificial ;  nor  can 
it  be  the  result  of  a  reductive  natural  process  undergone  by  any  fer- 

riferous mineral  substance.  M.  Neumann  considers  it  to  be  meteoric 

iron  which  had  fallen  to  the  surface  during  the  cretaceous  period, 
and  similar  in  every  way  to  the  iron  which  has  frequently  fallen  in 
modern  times.  The  native  iron  discovered  (October  1852)  by  M. 
Borneman  in  the  argillaceous  Keuper  coal  of  Muhlhausen  (Thu- 
ringia)  differs  essentially  from  the  Chotzen  native  iron,  having  been 
found  associated  with  black  magnetic  oxide  of  iron.      [Count  M.] 

On  the  Devonian  Rocks,  near  Avesnes. 

By  M.  J.  Gosselet. 

[Bulletin  de  la  Societe  Geologique  de  France,  torn.  14.  pp.  364-373.] 

The  limestones  of  Oetrceungt,  near  Avesnes,  have  hitherto  been  re- 
garded as  Carboniferous,  and  are  so  coloured  in  the  great  Geological 

Map  of  France.  M.  Gosselet,  at  the  request  of  M.  Hebert,  has 
investigated  them,  and  confirms  the  suspicions  of  the  latter  as  to 
their  Devonian  character.  By  careful  sections,  and  tables  of  fossils, 
he  has  enlarged  our  acquaintance  with  the  middle  rocks  of  this 
series,  and,  by  connecting  his  researches  with  the  labours  of  M. 
Dumont,  has  thrown  some  additional  light  on  the  still  vexed  question 
of  correlation  among  the  Devonians. 

There  are  quarries  of  undoubted  Carboniferous  limestone  at 
Oetrceungt  with  Productus  sublcevis  ;  but  their  relations  with  the  lower 
strata  are  nowhere  displayed  in  visible  contact. 

The  section  of  the  great  lower  limestone  at  the  Pare  Quarries, 

shows  fourteen  well-characterized  beds  with  occasional  Clymenice,  and 
constantly-recurring  Terebratula  concentrica  and  Spirifer  aperturatus. 
These  beds  may  be  grouped  into  four  divisions  : — 

1 .  The  first  from  above,  characterized  by  Pentamerus  aculolobatus. 
2.  The  next,  by  large  Spirifer  aperturatus. 
3.  Grey  limestones,  with  Terebratula  pugnus. 
4.  Slates  of  Notre-Dame-des-Monts. 

M.  Gosselet  then  examines  other  quarries  on  the  line  of  strike,  and 
shows  the  persistence  of  the  subdivisions  eastward  as  far  as  Givet, 
and  establishes  distinct  fossil  horizons  in  the  great  Eifelian  limestones 
round  that  picturesque  town.  The  line  of  String 'ocephalus  Burtini 
(elswhere  typical)  passes  at  the  base  of  the  frowning  cliffsof  Charlemont. 

He  then  carefully  alludes  to  sections  down  the  Meuse  towards  the 
mountain-limestone  of  Dinant,  and  upwards  towards  the  Ardennes 
slates  of  Meziers.  We  left  M.  Gosselet  near  the  latter,  verifying 
the  singularly  accurate  work  of  Dumont  in  his  local  divisions.  The 
Ahrian,  which  succeeds  the  Eifelian,  appears  to  be  a  gritty  repre- 

sentative of  our  Plymouth  limestones.  The  Coblentzian  series  is  a 
more  solid  form  of  the  Looe  slates,  with  occasional  plants ;   whilst 
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the  underlying  Gedinian  appears  to  be  a  feeble  exhibition  of  the 
lower  Silurian. 

The  uppermost  Devonian — the  Cypridina-slates  or  Petherwin 
rocks — do  not  occur  on  the  Meuse  ;  but  the  Carboniferous  series  rests 
on  the  middle  Devonians,  which  are  much  overthrown,  but  may  be 
seen  to  be  supported  by  lower  Devonians,  and  these  by  lower  Silurians. 
Cambrian  rocks  form  the  contour  of  the  beautifully  wooded  gorge 
of  the  river  southwards ;  and  slate-quarries  mark  the  commencement 
of  their  reign.  [S.  R.  P.] 

On  the  Fossil  Faunae  of  the  Equivalent  of  the  Bone-bed  between 
the  Keuper  and  the  Lias.     By  Dr.  A.  Oppel  and  Dr.  Fred. 
ROLLE. 

[Proceed.  Imp.  Acad.  Vienna,  October  1857.] 

The  organic  remains  common  to  the  Triassic,  Liassic,  and  Jurassic 
formations  of  Central  and  Northern  Europe  and  to  the  coeval, 
although  very  differently  developed,  deposits  in  the  Alpine  and 
Mediterranean  regions,  are  but  few  in  number ;  their  closer  investiga- 

tion, however,  is  one  of  the  most  promising  objects  of  Palseontological 

studies.  Dr.  Albert  Oppel  and  Prof.  E.  Suess's  paper  "  On  the  pro- 
bable Equivalents  of  the  Alpine  Kossen-strata  in  Suabia*  "  opened  a 

new  way  for  stating  the  real  relative  age  of  the  Alpine  Secondary  rocks, 
showing  the  Kossen-strata  t  to  have  their  equivalent  in  Wurtemberg 
in  the  yellowish-white  quartzose  sandstone  intercalated  between  the 
Keuperian  red  marls  and  the  Liassic  blue  limestones. 

Two  other  papers  £, — one  by  Dr.  Oppel,  "Further  proofs  of  the 
existence  of  Kossen-strata  in  Suabia  and  Luxemburg,"  the  other  by 
Dr.  Fred.  Rolle,  "On  some  organic  remains,  appearing  in  Suabia  on 
the  limit  between  the  Keuper  and  the  Lias," — may  be  considered  as 
complementary  to  the  before-mentioned  memoir. 

Dr.  Oppel  added  to  the  fossil  forms  known  to  occur  in  the  Bone- 

bed-Sandstones  (Prof.  Quenstedt's  "  upper  or  yellow  Keuper-Sand- 
stone")  a  new  species  of  Anatina  {An.  Suessi),  and  described  an 
identical  fauna  of  some  other  Suabian  localities  but  very  imperfectly 
known  before.  Among  these  localities  Tabingen  §  is  particularly 
interesting,  as  being  the  place  in  south-western  Germany  where  the 
Bone-bed  sandstone  has  been  first  recognized  and  described.  Alberti  || 
was  the  first  geologist  who  described,  under  the  name  of  fossiliferous 
sandstone  of  Tabingen,  the  strata  now  acknowledged  to  be  the  equi- 

valents of  the  Kossen-beds  (Alpine  Limestone)  as  a  distinct  member 
of  the  Triassic  group.  The  presence  of  Mytilus  minutus,  Goldfuss, 
and  Cardium  cloacinum,  Quenstedt,  affords  sufficient  evidence  of  the 

*  Quart.  Journ.  Geol.  Soc.  vol.  xiii.  Part  2.  Miscell.  p.  1. 
t  See  Quart.  Journ.  Geol.  Soc.  Part  2.  Miscell.  p.  25. 
%  Proceed.  Imp.  Acad.  Vienna,  October  1857. 
§  Tabingen  is  not  to  be  confounded  with  Tubingen,  near  Stuttgart,  the  seat  of 

a  celebrated  University. 

||  '  Monographie  des  bunten  Sandsteins,  Muschelkalkes  und  Keupers,'  Stuttgart, 
.1834. 
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strata  being  coeval  with  those  of  Nellingin,  Niirtingen,  &c.  in  Suabia, 

and  with  the  Kb'ssen-strata  of  the  Alps. 
Dr.  Oppel  has  discovered  the  same  stratum  in  Luxemburg,  resting, 

as  in  Suabia,  on  the  red  Keuper  marls,  and  overlaid  by  blue  Liassic 
limestones.  In  this  country,  the  localities  of  Dahlheim  and  Ellingen 
afford  the  following  fossils  :  — 

Sargodon  tomicus,  Plien.  Cardium  Rhseticum,  Merian. 
Sphserodus  minimus,  Ag.  Avicula  contorta,  Portl. 
Gyrolepis  tenuistriatus,  Ag.  Mytilus  minutus,  Gold/. 
Saurichthys  acuminatus,  Ag.  Pecten  Valoniensis,  Defr. 
Schizodus  cloacinus,  Quenst.  sp. 

Dr.  Rolle  has  described  the  organic  remains,  occurring  in  the  calca- 
reous Bone-bed  of  Tabingen,  which  rests  on  the  above-mentioned 

yellow  sandstone,  and  is  overlaid  by  blue  Liassic  limestone.  These 
fossils  are 

Hybodus  sublsevis,  Ag.  Pleuromya  Suevica,  Rolle. 
H.  minor,  Ag.  Cardium  Philippianum,  Bunk. 
Acrodus  minimus,  Ag.  Astarte  Suessi,  Rolle. 
Saurichthys  acuminatus,  Ag.  Leda  Oppeli,  Rolle. 
Sargodus  tomicus,  Plien.  Lima  tecticosta,  Rolle. 
Gyrolepis  tenuistriatus,  Ag.  Pecten  Hekli,  aV Orb. 
Serpula  exigua,  Rolle.  Ostrea,  sp. 
Ammonites  Hagenovi,  Bunk. 
Dr.  Rolle  concludes  from  these  fossils,  that  the  Molluscan  fauna 

of  this  stratum  bears  a  decidedly  Liassic  character,  but  the  Ichthyo- 
logic  fauna  is  in  some  sort  related  to  that  of  the  Lower  Triassic 
beds.  It  may  be  inferred  from  these  circumstances,  that  between 
the  Keuperian  and  Liassic  epochs  the  destruction  of  the  then 
existing  fauna  had  been  neither  sudden  nor  total,  Triassic  animals 
disappearing,  and  Liassic  ones  taking  their  places  gradually,  deposit 
by  deposit ;  so  that  Liassic  Mollusca  were  coexistent  with  the  last  of 
the  Triassic  fishes.  The  two  memoirs,  analysed  in  this  notice,  will 
be  of  special  interest  for  British  geologists,  the  deposits  considered 

in  them  corresponding  to  the  "Bone-bed"  of  England  and  Ireland 
(Axmouth,  Austcliff,  Lisnagrib,  &c,  and  to  the  "  Portrush  Beds"). 

[Count  M.] 

On  the  Geology  of  a  part  of  Hungary.     By  Dr.  Peters. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  August  1857.] 

Professor  Peters,  in  continuing  his  investigations,  commenced 
around  Pesth  and  Buda,  as  far  south-eastward  as  Tokod,  Domos, 
and  Perball,  finds  that  this  region  comprises  the  western  circum- 

ference of  the  Pesth  trachytic  massif  with  great  deposits  of  tuffs, 
including  near  Gran  Neogene  marine  shells,  and,  near  Domos,  lignites 
and  vegetable  remains.  Limestones,  appearing  partly  close  to  tra- 

chyte, partly  in  isolated  hills  amid  the  Tertiaries,  are  all  of  the 
Dachstein  series,  and  in  some  localities  are  overlaid  by  white  Num* 
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mulitic  dolomite.  The  great  Eocene  deposits  of  fossil  fuel  at  Tokod, 
Dorog,  &c.  are  imbedded  in  freshwater  strata,  overlaid  by  Eocene 
marine  deposits.  Estuarine  deposits  are  found  at  Sarisap.  The 

Neogene  epoch  is  represented  by  inferior  plastic  clay  ("  Tegel")  occur- 
ring in  a  few  localities  near  Gran,  by  far-spread  sandstones  and  sands, 

and  in  the  south-west  by  Cerithium-limestone.  These  deposits, 

together  with  extensive  layers  of  diluvial  clay  ("  Loss"),  rest  on  the 
isolated  and  evidently  disturbed  strata  of  the  Eocene  period.  The 
Eocene  coal  of  this  district,  being  unfit  for  the  preparation  of  coke, 

has  hitherto  been  set  aside  by  the  use  of  the  Banat  and  Funf-kirchen 
coal,  and  on  account  of  the  little  attention  paid  in  Hungary  to  fossil 
fuel  in  general.  The  beds  of  argillaceous  Ironstone  occurring  on  the 
limits  between  the  Tertiary  sandstone  and  Dach stein-limestone  or 
Nummulitic  dolomite,  are  too  insignificant  to  be  of  practical  value. 

[Count  M.] 

On  the  Coal-beds  o/Offenburg.     By  M.Ludwig. 
[Proceed.  Imp.  Geol.  Instit.  Vienna,  August  1857.] 

The  coal  of  Offenburg  (Grand-Duchy  of  Baden)  is  imbedded  in  a 
zone  of  Carboniferous  Sandstone,  720 — 840  feet  in  breadth,  between 

the  steep  gneiss  rocks  at  the  mouth  of  the  Kinzig  valley.  The  coal- 
beds  themselves,  dipping  at  high  angles,  have  originally  been  thought 
to  be  veins.  The  author  proves  them  to  have  been  deposited  hori- 

zontally, or  nearly  so,  in  the  bottom  of  a  basin,  the  upper  portions 
of  which  have  been  subsequently  brought  together  by  a  sinking 
movement  along  a  diametral  line,  so  that  at  present  the  disturbed 

beds  offer  many  difficulties  to  regular  mining  operations.  The  thick- 
ness of  the  upper  (anthracitic)  chief  bed  varies  between  1  and  30 

feet ;  the  lower  chief  bed,  the  scantily  coking  coal  of  which  resembles 
the  variety  called  Pitch-coal,  is  between  1  and  4  feet  in  thickness. 
The  chief  bed  continues  beneath  the  depth  of  5/0  feet  hitherto 
attained. 

The  anthracitic  variety  of  the  Offenburg  coal  has  been  recently,  on 

M.  Haumann's  instigation,  tried  as  fuel  for  railroad-locomotives  ; 
and  the  experiment  has  perfectly  succeeded. 

The  bed,  and  especially  the  slate,  immediately  covering  the  chief 
bed,  contains  a  number  of  fossil  plants,  among  which  Professor  Geinitz 
has  found  the  following  species  : — 

Calamites  cannseformis,  Schl.  Cyatheites  asper,  Brongn. 
Asterophyllites  longifolius,  Sphenopteris  lanceolata,  Gutb. 

Sternb.,  sp.  Sph.  Hceninghausi,  Brongn. 
Hymenophyllites  dissectus,  Sph.  microloba,  Gopp. 
Brongn.  Aspudiaria  undulata,  Sternb. 

Cyclopteris  flabellata,  Brongn.  Asp.  tetragona,  Sternb. ,  &c. 

South  of  Offenbach,  near  Zursweiler,  the  gneiss  is  overlaid  by 
variegated  sandstone,  spreading  far  off  southward,  together  with  the 
Carboniferous  strata,  found  in  a  shaft  which  was  sunk  near  Diersburg. 

[Count  M.] 
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On  Fluor-spar  in  the  Lombardy  Alps.     By  Dr.  Curioni. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  Feb.  23,  1858.] 

Sig.  Curioni's  paper  '  Come  la  Geologia  possa  contribuire  piu  di- 
rettamente  ai  progressi  delle  Industrie  *,'  gives  a  detailed  notice  of 
nearly  inexhaustible  veins  of  flour-spar  in  the  Lombardian  Alps. 
One  vein  of  about  four  feet  in  breadth,  and  known  along  a  consider- 

able tract  of  its  run,  occurs  on  Monte  Presolana,  in  the  Val  di  Scalve, 

N.W.  of  Lago  Palzone ;  another,  of  more  than  twenty-one  feet 
breadth,  is  imbedded  in  the  red  sandstone  of  Val  Torgola,  a  branch 
of  Val  Trompia,  and  runs  N.E.-S.W. 

The  fluor-spar  of  the  second  vein  is  nearly  milk-white,  of  splintery 
fracture,  and  contains  1^  per  cent,  of  water,  evaporating  in  elevated 
temperature.  It  is  but  locally  mixed  with  minute  crystals  of  iron 
pyrites.  Its  central  portion  includes  galena,  which,  in  the  middle 
of  the  fifteenth  century,  was  an  object  of  important  mining  enter- 
prizes.  [Count  M.] 

On  Crystallized  Euclase  in  the  Ural.    By  Col.  Kokscharow. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  Feb.  23,  1858.] 

Colonel  Kokscharow  noticed,  in  a  letter  to  Director  Haidinger, 
his  having  discovered  three  specimens  of  crystallized  euclase  in  the 
gold-stream-works  of  the  South  Ural,  near  the  River  Sanarka,  oc- 

curring there  associated  with  emeralds,  red  corundum,  disthene,  &c. 
The  mountain-chain,  the  detritus  of  which  is  deposited  in  these 
stream-works,  seems  to  Col.  Kokscharow  to  bear  a  peculiar  character. 

On  the  map  appended  to  Baron  A.  Humboldt's  and  Prof.  G.  Rose's 
'  Travels  to  the  Ural,'  this  chain  differs  completely  in  its  direction from  the  other  chains  of  the  South  Ural. 

[Count  M.] 

*  Giornale  del  R.  Istituto  Lombardo,  vol.  ix. 
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On  a  Bed  of  Polishing-slate/owwc?  near  Leitmeritz  (North 
Bohemia)  in  1854.     By  M.  Foetterle. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  Feb.  23,  1858.] 

This  infusorial  bed,  about  240  feet  in  extent,  and  in  some  parts 
twelve  feet  thick,  rests  on  Brown-coal  sandstone.  The  lowermost 
portion  (about  five  feet)  is  mixed  with  basaltic  tuff;  then  follows 

six  inches  of  unmixed  yellowish-white  slate,  eminently  rough  to  the 
touch  :  this  is  separated  by  four  inches  of  tuff  from  the  upper  slate- 
bed,  about  six  feet  in  thickness.  This  upper  slate  is  of  a  more  ar- 

gillaceous nature,  therefore  softer  and  nearly  greasy  to  the  touch, 
with  thin  alternating  layers  of  darker  and  lighter  tint.  The  whole 
is  overlaid  by  a  basaltic  tuff  and  humus,  and  the  surface  is  covered 
with  wood. 

The  upper  slate-layer  includes  a  number  of  leaf-impressions,  such 
as  Cinnamomum  Schuretseri  (Heer),  Salix  varians  (Heer),  Ulmus 
bicornis  (Unger),  and  an  indeterminable  species  of  Acer,  together 
with  remains  of  Leuciscus  brevis  (?),  Ag.,  which  last  occurs  also  in 
the  lower  slate,  but  more  rarely  and  less  distinct,  the  bones  of  the 
head  and  the  vertebras  being  generally  obliterated  by  the  deposit  of 
a  menilite-like  substance.  The  impressions  from  the  upper  slate 
are  of  admirable  distinctness,  even  in  their  most  minute  details. 
Galionella  varians  is  the  only  infusorial  form  hitherto  found  in  these 
slates,  and  possibly  the  exclusive  contributor  to  their  formation. 

[Count  M.] 

On  the  Secondary  Rocks  of  the  Eastern  Alps. 

By  M.  E.  Suess*. 
[Proceed.  Imp.  Geol.  Instit.  Vienna,  April  23,  1858.] 

The  secondary  strata  of  the  eastern  portion  of  the  Alps,  especially 
those  of  the  Triassic  and  Jurassic  groups,  are  so  different  from  those 
in  the  rest  of  Europe,  that  their  real  nature  has  been  but  recently 
cleared  up  by  assiduous  palaBontological  studies.  Fr.  Von  Hauer 
was  one  of  the  first  geologists  whose  exertions  succeeded  in  bringing 
some  light  on  this  intricate  and  important  subject. 

The  petrographical  peculiarity  of  the  secondary  rocks  in  the 
Austrian  Alps,  taken  as  a  whole,  is  an  enormous  predominance  of 
pure  calcareous  deposits  of  considerable  thickness, — marly  or  schis- 

tose deposits  being,  in  proportion,  of  rarer  occurrence  and  insignifi- 
cant thickness. 

The  palaeontological  features  of  these  secondaries  are  characterized 
by  frequent  diversity  and  size  of  the  Cephalopoda  and  Brachiopoda, 

keeping  (with  some  few  exceptions)  all  other  mollusca  in  the  back- 
ground as  far  upward  as  the  Cretaceous  strata,  while  the  occurrence 

of  corals  and  echinoids  is  limited  to  the  subordinate  marls.  These 

characters  concur  in  denoting  the  pelagic  origin  of  the  deposits  in 

*  M.  Suess's  memoir  will  be  printed  in  full  in  the  '  Beitrage  zur  Paheontologie 
von  Oesterreich,'  which  M.  Fr.  Von  Hauer  intends  to  publish. 
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question.  Any  geological  map  of  Germany  shows,  at  the  first 
aspect,  that,  northward  of  a  line  running  from  Passau,  through 
Ratisbonne,  to  Basel,  the  several  Jurassic  and  Triassic  series  of 
deposits  {dtages)  dip  regularly  with  each  other,  appearing  on  the 
map  as  concentric  zones,  the  geological  age  of  which  becomes  of 
older  date,  and  the  contact  of  which  with  the  older  rock-massifs  of 
Central  Europe  becomes  closer,  in  proportion  to  their  progression  in 
the  north-west  direction.  The  same  phsenomenon,  although  by  far 
more  indistinct,  may  be  observed  as  far  as  the  south  of  Lyons.  It 
becomes  very  apparent  again  on  the  margin  of  the  great  Paris-  and 
London-basin,  where  it  has  been  studied  by  Elie  de  Beaumont,  Hebert, 
and  many  other  geologists. 

The  diffusion  of  the  "variegated  sandstone"  throughout  these 
regions  indicates  approximative^  the  form  of  the  land-areas  at  the 
beginning  of  the  secondary  period.  The  most  interesting  among 
them  are  the  central  plateau  of  France,  the  great  continent  east  and 
west  of  Coblenz,  and  the  continent  of  Bohemia.  Smaller  islands, 
between  these  three  large  continents,  occur  in  the  Rhenish  countries 

(Gresly's  "  Hercynian,"  "  Vogesian,"  and  "Bruchsal"  Islands), 
and  are  represented  in  the  present  Alpine  chain  (especially  in  the 
Tyrolian  portion)  by  deposits  of  littoral  character.  As  the  deposits 
retrograde  to  the  centre  of  the  single  basins,  the  separate  islands  of 
this  archipelago  unite,  sooner  or  later,  into  coherent  masses.  During 
the  close  of  the  Jurassic  period,  a  continuous  tract  of  land  extended 
from  Silesia  to  Namur ;  and  the  inhabitants  of  the  narrower  and 

scarcely  connected  seas  of  this  epoch  lose  their  uniformity  of  cha- 
racter. The  contrast  between  the  Jurassic  seas  of  Northern  and 

Southern  Europe  becomes  more  and  more  striking ;  and  the  littoral 
or  subpelagic  deposits  in  Wurttemberg  and  Bavaria,  as  they  decrease 
in  geological  antiquity,  assimilate  themselves  more  and  more  to  the 
pelagic  deposits  of  the  coeval  seas  in  the  Alpine  region. 

The  only  explanation  to  be  given  of  these  phaenomena  is  a  general 
upheaval  (although  occasionally  interrupted  by  oscillations)  of  the 
whole  secondary  archipelago  during  an  extremely  protracted  lapse  of 
time.  This  upheaval  not  only  connected  the  single  islands,  and 
brought  them  nearer  the  shore-line,  but  also  imparted  a  more  and 
more  littoral  character  to  the  strata  deposited  on  the  surface  at 
present  occupied  by  the  Alps.  Under  such  circumstances,  and 
under  the  influence  of  the  vast  deposits  already  formed,  the  pelagic 
character  could  not  give  way  to  another  of  more  subpelagic  aspect. 

Palseontological  facts  tend  to  confirm  the  induction,  that  (gene- 
rally taken)  the  more  recent  an  Alpine  secondary  deposit  is,  the 

more  it  must  agree  with  the  secondary  deposits  of  Franconia  and 
Suabia.  Whilst  nearly  the  whole  of  the  Alpine  trias  is  perfectly 
different  from  the  coeval  deposits  in  the  rest  of  Europe,  the  basis  of 
the  Jurassic  group  shows  a  series  of  strata  of  generally  a  very  pure 
calcareous  nature,  and  containing  two  or  three  littoral  species,  ex- 

tending as  far  as  Ireland.  The  number  of  concordant  forms  in- 
creases in  the  Upper  Lias,  and  they  acquire  a  very  considerable 

share  in  the  Upper  Jurassic  fauna. 
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The  strata  of  Stramberg,  in  Moravia,  belong  to  the  Upper  or 
White  Jura.  M.  Suess  has  examined  thirty-seven  species  of  Brachi- 
opods  occurring  in  them  :  eight  of  these  species  are  to  be  found  in 
the  Scyphia-limestone  of  Suabia,  and  three  of  them  are  known  in 

the  "Terrain  Corallien"  of  the  Department  de  l'Yonne.  A  rather 
considerable  number  of  species  peculiar  to  the  Scyphia-limestone  of 
Suabia  seem  to  be  associated  with  Northern- French  forms  in  Mo- 

ravia, and  even  as  far  as  the  Salzkammergut  in  Upper  Austria.  This 
fact  aifords  a  proof  that,  during  the  secondary  period,  the  Suabian 
forms  extended  along  the  southern,  and  the  North-French  forms 
along  the  northern  margin  of  the  great  Centro-European  continent. 

Above  these  "  Stramberg-strata"  M.  Suess  has  observed,  near  Ni- 
tholsburg  in  Moravia,  others  of  more  marly  nature,  palseontologi- 
cally  identical  with  those  of  Mattheim  (Wurttemberg),  which  last  by 

this  fact  are  proved  to  be  later  in  age  than  the  "Terrain  Corallien" of  Northern  France. 

Besides  these  Suabian  and  French  forms,  the  Stramberg-strata  of 
Moravia  have  others,  prevailing  in  localities  somewhat  more  distant 

from  the  shore-line  of  the  Bohemian  continent,  and  consequently 
more  adapted  for  living  in  deeper  water. 

M.  Suess  concludes  with  noticing  that,  among  a  series  of  Ca- 
rinthian  fossils  sent  to  him  for  the  purpose  of  determination  by 
M.  F.  Von  Rosthorn,  he  met  with  forms  undoubtedly  indicating  the 
presence  of  strata  older  than  those  of  the  Carboniferous  period. 

Their  locality  is  at  Kappel.  The  matrix,  a  light-grey,  partly  rose- 
coloured  limestone,  is  petrographically  identical  with  the  limestone 
of  the  same  locality,  which  has  been  separated  by  M.  Lipoid  from 
the  true  Gailthal  (Carboniferous)  strata,  under  the  denomination  of 

"  Lower  Gailthal  Limestone."  These  organic  remains  are,  the 
pygidium  of  a  large  species  of  Bronteus,  fragments  of  a  Cephalopod, 
and  a  Spirifer  very  similar  to  a  species  from  the  Silurian  limestone 
of  Koniezerus,  near  Beraun  (Bohemia). 

[Count  M.] 
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